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Monitoring oil condition and/or quality, on-line or at-line, based on
chemometric data analysis of fluorescence and/or near infrared spectra.

The present invention relates to a method and a device for monitoring oil condition
and/or quality based on fluorescence and/or NIR spectra as well as laboratory refer-
ence measurements on a set of oil samples. Through the use of chemometric data
analysis (i.e. multivariate data analysis) the spectroscopic signals and patterns will
be correlated to the laboratory reference measurements that describe the condition
and/or quality of the oil. Based on this relation it is possible to predict the reference
measurements and/or conditions of a new oil sample based solely on a fluorescence
and/or NIR spectrum of the sample.

This makes it possible to implement a device and a method that will work both on-
line, by measuring directly in an oil stream, and at-line, where a collected sample is

measured in an instrument placed close to the place of sampling.

Background

US 2007/0187617 discloses a method for monitoring the oxidation of oil samples by
exposing the sample to ultraviolet irradiation and detecting in 2 narrow wavelength
ranges the emitted fluorescence. The ratio between the intensity of the fluorescence
emitted in the different wavelength ranges changes as a result of the oxidation of the
oil, and by tracking the value of this ratio the quality of the oil can be monitored. This
method only derives information from a small fraction of the wavelength range emit-
ted from the oil sample. Furthermore, this method has limited used for analyzing

unknown samples.

Other prior art techniques for detecting the content of water in oil rely on the scatter-
ing of light on water. Such techniques are sensitive to the scattering of light on for
example air bubbles or other impurities, and do hence not provide a reliable meas-
ure of the water content in the sample.
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Summary

It is an object of the present invention to provide a reliable method capable of pre-
dicting quality parameters of oil samples with unknown properties and/or classifying
said samples in a system not requiring any drying, enrichment or concentration of
the sample before determining the quality parameter and/or class, to which the
sample belong.

This is possible by subjecting the sample to fluorescent and/or near infrared (NIR)
spectroscopy or variants thereof, and analyzing the detected light transmitted
through and/or emitted from and/or reflected from the oil sample, whereby samples
may be classified. This classification and monitoring can be performed with a mini-
mum of sample preparation if any at all.

Thus in a first aspect the present invention relates to a method of training a system
for characterising an oil sample, said method comprising the steps of

a) providing a batch of oil samples having a predetermined content for training
the system to recognise at least one characteristic of the sample,

b) exposing an oil sample from said batch to electromagnetic radiation within a

predetermined range of wavelengths,

c) determining at least one physical spectroscopic parameter of electromag-
netic radiation transmitted through and/or reflected from and/or emitted from

the oil sample from said batch,

d) repeating step b) to ¢) until the at least one physical spectroscopic parameter
of all oil samples of said batch have been determined,

e) performing data processing of the obtained physical spectroscopic parame-
ters thereby obtaining data variables,
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f) performing a multivariate data analysis of the obtained data variables obtain-
ing model parameters describing the variation of the data variables,

g) obtaining characterisation information related to each oil sample from said
) batch.
In another aspect the present invention relates to a system for characterising an oil
sample, said system comprising:

a) a sample domain for comprising the oil sample,

10
b) means for exposing the oil sample in the sample domain to electromagnetic
radiation,
¢) detecting means for recording at least one physical spectroscopic parameter
15 of electromagnetic radiation transmitted and/or reflected and/or emitted from
the sample,
d) computing means for performing data analysis of the at least one physical
spectroscopic parameter, obtaining at least one data variable,
20
e) storage means for storing the at least one obtained data variable,
f) storage means for storing at least one latent variable and/or at least one mul-
tivariate model and/or at least one characterisation information of a trained
25 prediction and/or classification system,
g) processing means for providing at least one latent variable from the at least
one obtained data variable of the sample,
30 h) means for correlating the at least one latent data variables from the sample

with latent variables of said trained system, thereby obtaining a characterisa-
tion of the oil sample, e.g. quantitative parameter predictions and/or at least
one class to which the sample belongs, and

35 i) means for displaying the characterisation.
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In a third aspect, the invention relates to a method for characterising an oil sample,

comprising:

a)

obtaining the oil sample,

exposing the oil sample to electromagnetic radiation,

determining at least one physical spectroscopic parameter of light transmit-
ted and/or reflected and/or emitted from the oil sample,

performing data processing of the obtained at least one physical spectro-
scopic parameter obtaining at least one data variable,

storing the obtained at least one data variable,

providing at least one latent variable from data variables of the sample,

obtaining at least one latent variable from a trained prediction and/or classifi-

cation system,

correlating latent data variables from the sample with latent variables of the
trained system, to obtain quantitative predictions and/or quality predictions

and/or at least one characterisation class of the sample, and

displaying the quantitative predictions and/or quality predictions and/or at

least one characterisation class of the sample.

The method is preferably carried out in a system trained according to the present

invention.

In a forth aspect, the invention relates to a system for the measurement of TBN (To-

tal Base Number) and water in new and used lubricants, comprising

a)

a sample domain for comprising an oil sample,
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a)

b)

means for exposing the oil sample in the sample domain to electromagnetic
radiation,

detecting means for recording at least one physical spectroscopic parameter
of electromagnetic radiation transmitted and/or reflected and/or emitted from
the sample,

computing means for performing data analysis of the at least one physical
spectroscopic parameter, obtaining at least one data variable,

storage means for storing the at least one obtained data variable,

storage means for storing at least one latent variable and/or at least one mul-
tivariate model and/or at least one characterisation information of a trained

prediction and/or classification system,

processing means for providing at least one latent variable from the at least
one obtained data variable of the sample,

means for correlating the at least one latent data variables from the sample
with latent variables of the trained system, thereby obtaining a characterisa-
tion of the oil sample, e.g. quantitative parameter predictions and/or at least

one class to which the sample belongs, and

means for displaying the characterisation.

In a fifth aspect, the invention relates to a prediction and/or classification system for

on-line and/or at-line monitoring of hydraulic oil and/or machine oil comprising

a sample domain for comprising an oil sample,

means for exposing the oil sample in the sample domain to electromagnetic
radiation,
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detecting means for recording at least one physical spectroscopic parameter
of electromagnetic radiation transmitted and/or reflected and/or emitted from
the sample,

computing means for performing data analysis of the at least one physical
spectroscopic parameter, obtaining at least one data variable,

storage means for storing the at least one obtained data variable,

storage means for storing at least one latent variable and/or at least one mul-
tivariate model and/or at least one characterisation information of a trained

prediction and/or classification system,

processing means for providing at least one latent variable from the at least
one obtained data variable of the sample,

means for correlating the at least one latent data variables from the sample
with latent variables of the trained system, thereby obtaining a characterisa-
tion of the oil sample, e.g. quantitative parameter predictions and/or at least
one class to which the sample belongs, and

means for displaying the characterisation.

In a sixth aspect, the invention relates to a prediction and/or classification system for

on-line and/or at-line monitoring of hydraulic il and/or machine oil comprising

a)

b)

An optical probe for exposing oil in-situ to electromagnetic radiation,

detecting means for recording at least one physical spectroscopic parameter
of light transmitted and/or reflected and/or emitted from the sample,

computing means for performing data analysis of the at least one physical
spectroscopic parameter, obtaining at least one data variable,
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storage means for storing the at least one obtained data variable,

storage means for storing at least one latent variable and/or at least one mul-
tivariate model and/or at least one characterisation information of a trained

prediction and/or classification system,

processing means for providing at least one latent variable from the at least
one obtained data variable of the sample,

means for correlating the at least one latent data variables from the sample
with latent variables of the trained system, thereby obtaining a characterisa-
tion of the oil sample, e.g. quantitative parameter predictions and/or at least
one class to which the sample belongs, and

means for displaying the characterisation.

Description of Drawings

Figure 1: NIR spectra from oil samples

Figure 2: Laboratory value versus the value predicted by the chemometric model

and NIR spectroscop for water

Figure 3: Laboratory value versus the value predicted by the chemometric model

and NIR spectroscop for viscosity at 40 degrees

Figure 4: Laboratory value versus the value predicted by the chemometric model

and NIR spectroscop for TAN,

Figure 5: Laboratory value versus the value predicted by the chemometric model

and NIR spectroscop for TBN
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Laboratory value versus the value predicted by the chemometric model
and NIR spectroscop for Silicon

Emission spectra at 230 nm excitation for several oil samples.

Classification of new and used samples.

Extended Canonical Variates for new and old oil samples

Laboratory value versus the value predicted by the chemometric model
and NIR spectroscop for viscosity. PLS model on Main engine oil in
use (group 1) and Main engine new oil (group 2) for KV100. PLSC is 6.
Data is preprocessed with Savitzky-Golay (w =9, O=2, d=1).

Laboratory value versus the value predicted by the chemometric model
and NIR spectroscop for density. PLS model on Main engine oil in use
and Main engine new oil (group 1 and 2) for Density. PLSC is 7. Data
is preprocessed with Savitzky-Golay (w =9, O=2, d=1).

Laboratory value versus the value predicted by the chemometric model
and NIR spectroscop for TAN. PLS model on Main engine oil in use
and Main engine new oil (group 1 and 2) for TAN177. PLSC is 3. The
data is preprocessed with Savitzky-Golay (w =9, O=2, d=1).

Laboratory value versus the value predicted by the chemometric model
and NIR spectroscop for TBN. PLS model on Main engine oil in use
and Main engine new oil (group 1 and 2) for TBN PLSC is 7. Data is
preprocessed with Savitzky-Golay (w =9, O=2, d=1).

Laboratory value versus the value predicted by the chemometric model
and NIR spectroscop for sulfur. PLS model on Main engine oil in use
and Main engine new oil (group 1 and 2) for S. PLSC is 1. Data is pre-
processed with Savitzky-Golay (w =9, O=2, d=1).

Laboratory value versus the value predicted by the chemometric model
and NIR spectroscop for phosphor. PLS model on Main engine oil in
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use and Main engine new oil (group 1 and 2) for P. PLSC is 12. Data is
preprocessed with Savitzky-Golay (w =9, O=2, d=1).

Figure 16:  Laboratory value versus the value predicted by the chemometric model
and NIR spectroscop for vanadium. PLS model on Main engine oil in
use and Main engine new oil (group 1 and 2) for V. PLSC is 7. Data is
preprocessed with Savitzky-Golay (w =9, O=2, d=1).

Figure 17:  Laboratory value versus the value predicted by the chemometric model
and NIR spectroscop for nickel. PLS model on Main engine oil in use
and Main engine new oil (group 1 and 2) for Ni. PLSC is 10. Data is
preprocessed with Savitzky-Golay (w =9, O=2, d=1).

Figure 18:  Laboratory value versus the value predicted by the chemometric model
and NIR spectroscop for magnesium. PLS model on Main engine oil in
use and Main engine new oil (group 1 and 2) for Mg. PLSC is 8. Data
is preprocessed with Savitzky-Golay (w =9, O=2, d=1).

Figure 19:  Laboratory value versus the value predicted by the chemometric model
and NIR spectroscop for calcium. PLS model on Main engine new oil
and Main engine oil in use (group 1 and 2) for Ca. PLSC is 5. Data is
preprocessed with Savitzky-Golay (w =9, O=2, d=1).

Detailed description of the invention

The invention relates to quantitative prediction of physical and/or chemical values or
qualitative classification of oils sample status based on spectroscopic parameters
obtained from near infrared and/or luminescence spectroscopy. Fluorescence spec-
troscopy is used as an example of luminescence spectroscopy in the present inven-
tion. However, as described below other physical parameters may be used in the
prediction and/or classification. Thus, throughout the description the term fluores-
cence is used as an equivalent of any luminescence type and is to be interpreted as
such, unless inappropriate in specific embodiments.

Fluorescence spectroscopy is an extremely sensitive analytical tool and near infra-

red spectroscopy is a very precise analytical tool. The data obtained from both types
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of spectroscopic analyses can be considered a finger-print of the sample. Each
sample gives rise to a unique spectroscopic set of physical parameters, and as is
described in the present invention it is possible to form the finger-prints to predict the
value of physical-chemical components of the oil, such as water, viscosity (at differ-
ent temperatures), Total Base Number (TBN), Total Acid Number (TAN), carbon
residue, density, flash and fire points, pour point, sulphated ash, score values in
various performance tests, and the content of Particles, Silicon, Sodium, Boron,

Iron, Aluminum, Chromium, Molybdenum, Copper, Lead, Tin, Nickel, Titanium, Sil-
ver, Phosphorus, Zinc, Calcium, Barium, Magnesium, and Sulfur.

The fluorescence and near infrared spectroscopic fingerprint can be used either
alone or in a combination to obtain synergy in the prediction models. Furthermore,
as also described by the present invention, when analysing the spectroscopic data,
it has become possible to classify samples into two or more classes based on the
spectra, if there is any systematic difference between the samples. The difference
between the samples will mostly not relate to a single component, or a few compo-
nents of the sample, but rather to a combination of a wide variety of components.
This combination exhibits a pattern so complex that it is detectable by the multivari-
ate analyses only. Examples of the classification information provided by the present
invention may be any information regarding sample condition, such as information
regarding presence/absence of specific components, determination if the oil is
used/not used (can also be quantified), determination of which type of engine the oil

is used in. The oil can be a fuel.

Thus, according to the evaluation of the spectroscopic parameters it is possible to
obtain more information about an cil sample, than it is when evaluating the various
chemical components in the sample individually, i.e. it is possible to obtain inter-
component information. Furthermore, there is no need to know the exact composi-
tion of components in the sample, as it is either the fluorescence or the near infra-
red absorption spectra or the combination of these finger-prints that contain the
relevant information. If so desired, in a specific application, it may be possible to
give a chemical characterisation of the information used by the classification system.

For one sample normally over 100 data variables are obtained. The amount of data
variables increases by the number of samples used but the number of data vari-
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ables is constant for each sample. It is common practise to discard most of the
spectroscopic information and use but a few selective or semi-selective spectro-
scopic parameters but the present invention makes use of all available information.

In a first aspect the invention relates to a method of training a prediction system for
quantifying multiple chemical and/or physical parameters in an oil sample. It is the
purpose of the training that a system is obtained, said system holding enough infor-
mation to be used for quantitative prediction of multiple chemical and/or physical
parameters in an unknown oil sample. By the term unknown is meant a sample for
which no characterisation information is known and only the near infrared and/or
fluorescence spectrum is known. The prediction as such is only based on a model
and the measured spectroscopic fingerprint(s).

In another aspect the invention relates to a method of training a classification sys-
tem for characterising an oil sample. It is the purpose of the training that a classifica-
tion system is obtained, said system holding enough information to be used for
characterising an un-classified and unknown oil sample into one of the classes of
the classification system. By the term unknown is meant a sample for which no

characterisation information is known.

It is also the purpose of the training of both the prediction and the classification sys-
tems that this training incorporates a validation that substantiates how well predic-
tion and/or classification can be performed on specific samples in the future as well

as improving the validation performance over time.

The electromagnetic radiation exposing the sample comprises monitoring radiation

and/or excitation light.

Samples

The oil sample may be any sample suitable for spectroscopic analyses. It is an ob-
ject of the present invention to acquire the necessary information from the sample

using as few pre-treatments as possible, preferably without any pre-treatments as

such.
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Accordingly, in a most preferred embodiment the sample is transferred directly as is
to be subjected to spectroscopic analysis, in order to obtain data relating to un-
treated samples.

The oil sample is subjected to spectroscopic analyses without drying, and preferably
without any other changes in concentration. The sample may be arranged in a sam-
ple compartment being closed or open before exposing the sample to light.

Furthermore, it is possible to use a sample positioned on-line or in-line, i.e.in a
process stream.

FLUORESCENCE SPECTROSCOPY

Excitation light

The physical parameters may in principle be obtained for a wide variety of excitation
light wavelengths. The wavelengths are preferably selected to be within the range
from 100 nm to 1000 nm, such as from 100 to 800 nm, more preferably within the
range of from 200 nm to 800 nm, such as from 200 nm to 600 nm.

Normally several wavelengths are used, such as from 2 to 100 wavelengths, for
instance 2-30, such as 2-10, for instance 2-6 wavelengths in order to describe an
excitation-emission matrix optimally. Sets of wavelengths may be chosen so that
each wavelength differs from the other by at least 0.1 nm, such as 0.5 nm, for in-
stance at least 1 nm, such as 5 nm, for instance at least 10 nm, such as 50 nm, for
instance at least 100 nm, such as 150 nm, for instance at least 250 nm, such as 500

nm, for instance at least 600 nm, such as 700 nm, and at most 750 nm.

Accordingly, more than 2 excitation light wave lengths are selected such as 4, 6, 8,
10, or more. The excitation light of each wavelength may be used simultaneously or
sequentially. In a preferred embodiment 4 wavelengths are selected, such as excita-
tion light having a wavelength of 230 nm, 240 nm, 290 nm, and 340 nm. Each sam-
ple is then subjected to excitation light of each wavelength.

The predetermined excitation light wavelength(s) is provided by use of conventional
light sources combined with a dispersive element such as a monochromator and/or
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optical-acoustical wavelength filters and/or conventional filters as is known to a per-
son skilled in fluorescence spectroscopy.

Measured physical emission parameters

Mostly the physical parameters to be determined in order to perform a data analysis
are the intensities as a function of excitation wavelength and/or the emission wave-
length. However the measurement instrument measuring the intensity may provide
other information such as fluorescence lifetime, phosphorescence intensity, as well
as phosphorescence lifetime, depolarisation, quantum yield, phase-resolved emis-

sion, and circular depolarization.

By the term “physical emission parameters” is meant any physical parameter capa-
ble of providing a luminescence related property of the sample.

Fluorescence intensity is easily measured at room temperature, and may therefore
be chosen for many of the samples. Furthermore, a great number of organic natural
products are known to be fluorescent. Phosphorescence may however also be per-

formed at room temperature.

Luminescence lifetime in general, as well as phosphorescence lifetimes are defined

as the time required for the emission intensity to drop to 1/e of its initial value.

When using phase resolved fluorescence spectroscopy it is possible to suppress
Raman and scattered light, leading to very good results for multicomponent sys-

tems.

In luminescence polarisation measurements, spectra are obtained by scanning exci-
tation spectra and measuring intensity with polarizers transmitting in the planes par-
allel and perpendicular to the polarisation plane the of exciting light. The degree of
polarization or anisotropy may be calculated from the difference of the two meas-

urements to the sum of the two measurements.

Emission
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The emitted light is dispersed or filtered and detected by any suitable detector, such
as a scanning camera, a photomultiplier, a diode array, a CCD or a CMOS, all in
principle being viewed as two-dimensional array of several thousand or more detec-
tors. The intensity of the light is detected on each detector. In some embodiments
one-dimensional detectors may be used as well such as a photomultiplier.

The determination of the various physical parameters is done by conventional
equipment known to the person skilled in the art.

In fluorescence spectroscopy emission light intensities at different wavelengths are
recorded for each excitation light wavelength. Preferably the emission light is sam-
pled with 1 nm intervals. Thereby a matrix of excitation-emission data is obtainable
for each sample. Normally the spectral distribution of light emitted from the sample
is ranging from 200 nm to 800 nm.

The emitted light from the samples may be focused onto the detectors by means of
conventional focusing systems, as well as passing through diaphragms and mirrors.

Processing

The detectors are preferably coupled to a computer for further processing of the
data. The physical parameters measured or determined by the detector are proc-
essed to a form suitable for the further mathematical calculations. This is done by
allocating data variables to each physical parameter determined, thus obtaining data

variables related to the physical parameters,

The physical parameters determined are often subjected to a data analysis through
the data variables, such as a one-way matrix of spectral information, a two-way ma-
trix of spectral information, a three-way matrix of spectral information, a four-way
matrix of spectral information or, a five-way or higher order matrices of spectral in-

formation.

Characterizing the monitoring NIR radiation
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The NIR absorption spectrum may in principle be obtained for a wide variety of ra-
diation wavelengths. The wavelengths are preferably selected to be within the range
of from 700 nm to 3000 nm, such as from 900 to 2500 nm.

Normally several wavelengths are used, such as from 2 to 5000 wavelengths. Sets
of wavelength may be chosen so that each wavelength differs from the other by at
least 0.1 nm, such as 0.5 nm, for instance at least 1 nm, such as 5 nm, for instance

at least 10 nm, such as 50 nm, for instance at least 100 nm, such as 150 nm.

The absorption at each wavelength may be used simultaneously or sequentially. In
a preferred embodiment 4 wavelengths are selected, such as monitoring light having
a wavelength of 1300 nm, 1500 nm, 1700 nm, and 1900 nm. The monitoring may
also use the wavelengths 2870nm and 3050nm where the absorption of electro-
magnetic radiation in water is strong. Each sample is then subjected to monitoring
radiation of each wavelength.

The predetermined monitoring radiation wavelength(s) are provided by use of con-
ventional light sources, dispersive elements and/or filters as is known to a person

skilled in near infrared spectroscopy.

Mostly the physical NIR parameters to be determined in order to perform a data

analysis are the absorbance and/or transmission values as a function of wavelength.

Near infrared signals are easily measured at room temperature, and may therefore
be chosen for many of the samples. Furthermore, a great number of organic natural

products are known to absorb in the near infrared region.

Near infrared light detection

The transmitted NIR radiation is detected by any suitable detector, such as a semi-
conductor (e.g. PbS), photo voltaic elements (e.g. InAs, InSb), or a CCD. The inten-
sity of the light is detected on each detector. In some embodiments one-dimensional
detectors may be used as well such as a photomultiplier.
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In near infrared spectroscopy, absorbance and/or transmission values are recorded
for each excitation light wavelength. Preferably the detection of light is sampled with

1 nm intervals.

The signals can be recorded also by fibre optic probes, transmission probes, trans-
mission probes for process applications, or reflection/backscattering probes.

Processing fluorescence and NIR data

The near infrared and/or the fluorescence detectors are preferably coupled to a
computer for further processing of the data. The physical parameters measured or
determined by the detector(s) are processed to a form suitable for the further
mathematical calculations. This is done by allocating data variables to each physical
parameter determined, thus obtaining data variables related to the physical parame-
ters,

The physical parameters determined are often subjected to a data analysis through
the data variables, such as a one-way matrix of spectral information, a two-way ma-
trix of spectral information, a three-way matrix of spectral information, a four-way
matrix of spectral information or, a five-way or higher order matrices of spectral in-

formation or mixtures of these data structures.

Characterisation information for oil samples

To obtain a system for quantification of one or several oil quality parameters or de-
termination of a specific condition in the oil sample it is of importance that the data
relating to the spectra obtained are correlated to characterisation information regard-
ing the same oil sample. The characterisation information relates to the values (e.g.
concentrations) of physical-chemical components in the oil or the classes character-
izing the samples. The characterisation information may give information of both

qualitative and quantitative information.

The characterisation information must be correlated to the spectral information ob-
tained from the sample, in order to obtain the trained system ready for testing un-

known samples.
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Validity

Each sample is subjected to fluorescence and/or near infrared spectroscopy before
the data analysis is performed in the training of the prediction and/or classification
system. The sample may be one sample from oil sample, or several samples from
the same oil sample or process, each sample obtained at a different time interval or

from different process streams or from different instruments.

Depending on the predictions to be performed or the classes to be identified when
training the classification system it is of importance to train the system with a suffi-
cient number of samples. The determination of the sufficient number of samples is
primarily determined by the number of expected latent variables. It is preferred that
the ratio of number of training samples to the expected number of latent variables is
at least 5:1, preferably at least 10:1. More preferred the ratio is 50:1, and even more
preferred 100:1. The more training samples, the more reliable a system. Training is
a continual improvement of the system and any sample is also a training sample

however to a decreasing degree over time.

The samples being classified in each class are preferably a representative group of
samples to allow the most reliable classification, wherein representative is meant to
mean exhibiting all variations influencing said prediction and classification. These

variables can for example be oil type, process type, engine type etc.

Mathematics

A central aspect of the invention is the performance of a multivariate analysis,
whereby the data variables relating to the physical spectroscopic parameters are
evaluated. The latent variables being weighted averages of the data variables are
obtained. The latent variables describe the variation of the data variables. Thereby,
the concentration values of the oils samples can be predicted accurately and/or the
samples are classified uniquely into classes. The prediction model and/or the identi-
fication of the classes is obtained when each sample is correlated to the characteri-

sation information relating to said sample.
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The multivariate statistical methods suitable for the present invention are for exam-
ple represented by chemometric methods like principal component analysis (PCA),
partial least squares regression (PLS), soft independent modelling of class analogy
(SIMCA) and principal variables (PV).

Other multivariate statistical methods include: Principal component analysis', prin-
cipal component regression'®, factor analysis?®, partial least squares', fuzzy cluster-
ing'®, artificial neural networks®, parallel factor analysis*, Tucker models'®, general-
ized rank annihilation method®, Locally weighted regression’®, ridge regression®,
total least squares'®, principal covariates regression’, Kohonen networks'?, linear or
quadratic discriminant analysis'’, k-nearest neighbors based on rank-reduced dis-
tances', multilinear regression methods®, soft independent modeling of class analo-
gies®, robustified versions of the above and/or obvious non-linear versions such as
one obtained by allowing for interactions or crossproducts of variables, exponential
transformations etc.

The term “describing the variation of the data variables” means that the latent vari-
ables retain the relevant information regarding the variation, whereas “noise” is pref-
erably not giving any significant part in the latent variables.

Other variables

The classification system may be obtained on the spectral information only. How-
ever, in some situations it may be appropriate to incorporate other variable(s) in the

multivariate analyses.

These other variables may be variables relating to the sample supplying the spectral
information or they may be variables that compensate for a specific condition of the

sample.

Examples hereof may be the measurement of pH and temperature in the sample
before subjecting it to spectroscopy. Thereby, variations in the other variables may
be compensated for in the final prediction and/or classification.
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In another embodiment other variables are variables relating to the oil sample to be
characterized. Examples of these variables are oil type, origin, transport history, and
process conditions.

Pre-treatment

It is an advantage of the present invention that no pre-treatment of the sample is

normally necessary.

However, for some of the samples it may be necessary to perform an adjustment
before subjecting the sample to spectroscopy.

Examples of pre-treatment may be adjustment of pH of the sample to a predeter-
mined value, or heating or cooling the sample to a predetermined temperature. The
sample may be treated with chemicals, e.g. in order to develop fluorescent com-

plexes involving inherently non-fluorescent molecules in the sample.

Other types of pre-treatment include addition of chemical substances, measurement
under a gradient imposed by varying additions of chemical substances, and simple
chromatographic pre-treatments based on either chemical or physical separation
principles.

Prediction system

Another aspect of the present invention is the prediction system for quantitative as-

sessment of oil sample quality parameters.

The system and methods according to the invention provides means for predicting
one or more oil quality parameters simultaneously and/or classifying the oil samples
into at least two different classes correlated to the characterisation information, ob-
taining a trained prediction and/or classification system.

When the prediction system has been trained as discussed above, it is ready for
prediction of one or more quality parameters samples with unknown characteristics.

The prediction system preferably comprises the following components:
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a sample domain for comprising the oil sample,

means for exposing the oil sample in the sample domain to electromagnetic
radiation,

detecting means for recording at least one physical spectroscopic parameter
of electromagnetic radiation transmitted and/or reflected and/or emitted from

the sample,

computing means for performing data analysis of the at least one physical
spectroscopic parameter, obtaining at least one data variable,

storage means for storing the at least one obtained data variable,

storage means for storing latent variables, multivariate prediction models and
characterisation information of a trained prediction system,

processing means for providing at least one latent variable from the at least
one obtained data variable of the sample,

means for correlating latent data variables from the sample with latent vari-

ables of the trained system, and

means for displaying the prediction(s) of a sample.

Classification system

Another aspect of the present invention is the classification system for characteris-

ing an oil sample into at least one predetermined class.

When the classification system has been trained as discussed above, it is ready for

classifying samples with unknown characteristics. The classification system prefera-

bly comprises the following components:
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a)-e) Identical to the steps for Prediction system,

f) storage means for storing latent variables, classification models and charac-

terisation information of a trained classification system,

g) processing means for providing latent variables from data variables of the
sample,

h) means for correlating latent data variables from the sample with latent vari-
ables of the trained system, and

i) means for displaying the characterisation class(es) of a sample.

For both the prediction and the classification system the following holds:

The sample domain may be a sample chamber for accommodating a container with
a liquid, a solid or a semi-solid sample. However, the sample domain may also be a

domain in a process stream, vessel or engine.

The oil sample may be obtained from an oil engine, a tank, a process stream, a ves-

sel step, or a transmission, or any other oil containing and/or using unit.

The prediction and/or classification system may be provided as a whole unit,
wherein the spectroscopy of the sample is conducted by the same unit from where

the data relating to the characterisation classes of the sample is displayed.

It is however contemplated within the scope of the present invention, that the system
is comprised of at least two units, wherein one unit is performing the steps a) to e),
and another unit is performing the steps f) to i). Other units comprising other parts of
the system are also contemplated, such as one unit performing the steps a) to f) or
a) to g), and the other unit performing the rest of the steps. Yet another unit may
perform steps a) to ¢) and the remaining steps may be performed in another unit.

By the system thus divided into two units, it is possible to obtain the spectroscopic
information from a wide variety of decentralized locations and perform the process-
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ing centrally. The data or the prediction and/or classification system may then be
transmitted by any suitable means, such as conventional data transmission lines,

telephone lines, or via internet or intranet connections.

This configuration facilitates the use of the prediction and/or classification system
since any process-engineer or technician may provide the oil sample and have it
subjected to spectroscopic analyses obtaining data variables without the need of
being capable of conducting the processing and correlating procedures at the sam-
pling site. The engineer or technician may then obtain the prediction and classifica-
tion results of the sample data from the central unit through a secured (internet)
connection.

Examples

Example 1: Prediction of oil quality parameters by NIR

Thirty-nine samples of lubricant oil, a mix of new and used, were analyzed by near
infrared (NIR) spectroscopy. By chemometric data analysis the spectra were corre-
lated to laboratory values describing the oil quality.

The 39 oil samples were analyzed in a 1 mm cuvette on a NIRSystems 6500 (Foss,
Hillerod, Denmark). NIR transmission spectra were recorded in the range from 1200
nm to 2500 nm. The same 39 samples were analyzed by an international approved
laboratory for the following important oil quality parameters: Water concentration,
Viscosity (at 40 and 100 degrees), Total Base number (TBN), Total Acid Number
(TAN), Elemental analysis (e.g. metals) and particles. The NIR spectra were corre-

lated to the laboratory values using chemometric modeling.

Figure 1 shows the measured NIR spectra. It is seen that there is a clear difference
between the used oil samples (upper 17 curves) and fresh oil samples (lover
curves).

Figures 2 to 6 display plots showing the laboratory value versus the value predicted
by the chemometric model and NIR spectroscop for water (Fig 2), viscosity at 40
degrees (Fig 3), TAN (Fig 4), TBN (Fig 5) and Silicon (Fig 6). Full cross validation is
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used to validate the models. From the actual versus predicted plots it is clearly ob-
served that it is possible to predict different oil quality parameters by the present

invention.

Example 2: Classification of oil using fluorescence spectroscopy and

chemometrics

Fifty-six lubricant oil samples, a mix of used and new oils from different engine
types, were analyzed on a Fluoromax 3 Spectrograph. The samples were measured
in a 2 mm quartz cuvette in front face geometry. 3D excitation/emission fluores-
cence landscapes were recorded on each sample with following settings: Excitation
230 nm — 400 nm, emission 250 nm — 600 nm.

FIG 7 shows emission spectra at 230 nm excitation for all samples. It is seen that
there are three samples with a specific pattern having a strong signal around
180nm. This verifies that this method also can be used for revealing strongly deviat-
ing samples e.g. according to special additives, oil types etc.

Fig 8.shows the obtained classification of new and used samples where the new
samples are marked with the dotted circle.

Fig 9 shows Extended Canonical Variates for the new samples (with negaive val-

ues) and old samples (with positive values)

Example 3 Prediction of oil quality parameters by NIR

149 samples of lubricant oil from main engine vessels onboard ships, a mix of used
and new, were analyzed by near inferred (NIR) spectroscopy. The spectra were
then correlated to different laboratory values describing the oil quality using
chemometric data analysis.

The 149 samples were analyzed on a MB3600 NIR FTIR spectrometer (Q-Interline).
There were used 3 mm disposable cuvets and the samples were scanned from
1100 nm to 2500 nm measuring the transmission.
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The same 149 samples was send to an international approved laboratory for analy-
sis for oil quality parameters like: Viscosity, Density, Total Base number (TBN), Total
Acid Number (TAN), Elemental analysis (e.g. metals, Sulfur and Phosphor).

The NIR spectra were correlated to the laboratory values using chemometric model-
ing by PLS.

Figures 10 to 19 display plots showing the laboratory value versus the value pre-
dicted by the chemometric model and NIR spectroscop for viscosity at 100 degrees
(Fig 10), density (Fig 11), TAN (Fig 12), TBN (Fig 13), sulfur (Fig 14), phosphor (Fig
15), vanadium (Fig 16), nickel (Fig 17), magnesium (Fig 18) and calcium (Fig 19).
Full cross validation is used to validate the models. From the actual versus predicted
plots it is clearly observed that it is possible to predict different oil quality parameters
by the present invention.

It is clearly seen that it is possible to predict different oil quality parameters by the
used method.
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Claims:

. A method of training a system for characterising an oil sample, said method

comprising the steps of

providing a batch of oil samples having a predetermined content for training the
system to recognise at least one characteristic of the sample,

exposing an oil sample from said batch to electromagnetic radiation within a
predetermined range of wavelengths,

determining at least one physical spectroscopic parameter of electromagnetic
radiation transmitted through and/or reflected from and/or emitted from the oil
sample from said batch,

repeating step b) to ¢) until the at least one physical spectroscopic parameter of
all oil samples of said batch have been determined,

performing data processing of the obtained physical spectroscopic parameters
thereby obtaining data variables,

performing a multivariate data analysis of the obtained data variables obtaining

model parameters describing the variation of the data variables,

obtaining characterisation information related to each oil sample from said
batch.

The method according to claim 1, furthermore comprising the step of predicting
one or more oil quality parameters simultaneously and/or classifying the oil
samples into at least two different classes correlated to the characterisation
information, obtaining a trained prediction and/or classification system.

A method according to claim 1 or 2, wherein the electromagnetic radiation
comprises monitoring radiation and/or excitation light.
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The method according to any of claims 1 to 3, wherein the oil sample is
obtained from an oil engine, a tank, a process stream, a vessel step, or a

transmission, or any other oil containing and/or using unit.

The method according to any of the previous claims, wherein the step of
determining at least one physical spectroscopic parameter comprises
determining the absorption of electromagnetic radiation transmitted through the
sample.

The method according to any of the previous claims, wherein step g) further
comprises selection of latent variables being weighted averages of data
variables.

The method according to any of the previous claims, wherein the wavelength of
the excitation light is in the range of from 100 nm to 1000 nm, such as from 100
to 800 nm, such as from 200 nm to 800 nm, such as from 200 nm to 600 nm.

The method according to any of the previous claims, wherein the physical
spectroscopic parameter determined is selected from the group of fluorescence
intensity, fluorescence lifetime, phosphorescence intensity, phosphorescence
lifetime, depolarisation, quantum yield, phase-resolved emission, and circular

depolarization.

The method according to any of the previous claims, wherein the spectral
distribution of electromagnetic radiation emitted from the cil sample is in the

range from 200 nm to 800 nm.

The method according to any of the previous claims, wherein the spectral
distribution of electromagnetic radiation transmitted through and/or reflected
from the oil sample is in the range from 750 nm to 3000 nm, such as from 1100
to 2500, such as 1300 to 1900nm.

. The method according to claim 10, wherein several wavelengths are used, such

as from 2 to 5000 wavelengths.
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The method according to claim 11, wherein said several wavelengths are
chosen so that each wavelength differs from the other by at least 0.1 nm, such
as 0.5 nm, for instance at least 1 nm, such as 5 nm, for instance at least 10 nm,

such as 50 nm, for instance at least 100 nm, such as 150 nm.

The method according to claim 11 or 12, wherein absorption of electromagnetic
radiation at each of said several wavelengths may be measured simultaneously
or sequentially.

The method according to any of claims 11 to 13, wherein 4 wavelengths are
selected, such as monitoring radiation having a wavelength of 1300 nm, 1500
nm, 1700 nm, and 1900 nm.

The method according to any of claims 10 to 14, wherein the monitoring
radiation is having wavelengths in ranges where the absorption of
electromagnetic radiation in water is strong such as at 1300-1400nm, 1900-
2000nm, 2150-2200nm, 2870nm and 3050nm.

The method according to any of claims 10 to 15, wherein the physical NIR
parameters to be determined in order to perform a data analysis are the
absorbance and/or transmission and/or reflectance values as a function of

wavelength.

The method according to any of claims 10 to 16, wherein the NIR radiation is
detected by any suitable detector, such as a semiconductor (e.g. PbS), photo

voltaic elements (e.g. InAs, InSb), or a CCD.

The method according to any of claims 10 to 17, wherein absorbance and/or
transmission and/or reflectance values are recorded with a 1 nm sampling

interval.

The method according to any of the previous claims, wherein the signals are be
recorded by fibre optic probes, transmission probes, transmission probes for
process applications, or reflection/backscattering probes.
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20. The method according to any of the previous claims, wherein the ratio of
number of training samples to the expected number of latent variables is at
least 5:1, preferably at least 10:1, more preferably 50:1, and even more
preferred 100:1

21. The method according to claim any of the previous claims, wherein the
multivariate data analysis is selected from the group of: Principal component
analysis, principal component regression, factor analysis, partial least squares,
fuzzy clustering, artificial neural networks, parallel factor analysis, Tucker
models, generalised rank annihilation method, Locally weighted regression,
ridge regression, total least squares, principal covariates regression, Kohonen
networks, linear or quadratic discriminant analysis, k-nearest neighbours based
on rank-reduced distances, multilinear regression methods, soft independent
modelling of class analogies, robustified versions of the above and/or obvious
non-linear versions such as one obtained by allowing for interactions or cross

products of variables, and exponential transformations.

22. The method according to any of the previous claims, wherein the data analysis
of step f) is selected from a one-way matrix of spectral information, a two-way

matrix of spectral information, a three-way matrix of spectral information, a four-

way matrix of spectral information and, a five-way or higher order matrix of

spectral information or mixtures hereof.

23. The method according to claim 22, wherein at least one other variable related to

the oil sample is included in the multivariate analyses of step f)

24. The method according to claim 23, wherein the at least one other variable is are

selected from a pH value of the sample, concentration of any other relevant
compound in the sample, temperature or any other physical property of the
sample or property of the oil sample or the place from which the sample was
taken.

25. The method according to any of the previous claims, wherein the sample is pre-

treated before subjecting the sample to step c).
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The method according to claim 25, wherein the pre-treatment comprises
adjustment of pH of the sample to a predetermined value.

The method according to any of the previous claims, wherein the oil quality
parameter relates to at least one of the group of the Water Concentration, Total
Base Number (TBN), Total Acid Number (TAN), Viscosity (at different
temperatures) and the content of Particles, Silicon, Sodium, Boron, Iron,
Aluminum, Chromium, Molybdenum, Copper, Lead, Tin, Nickel, Titanium,
Silver, Phosphorus, Zinc, Calcium, Barium, Magnesium, or Sulfur.

The method according to any of the previous claims, wherein the characterising
of an oil sample takes place at-line or on-line.

A system for characterizing an oil sample, comprising

a sample domain for comprising the oil sample,

means for exposing the oil sample in the sample domain to electromagnetic
radiation,

detecting means for recording at least one physical spectroscopic parameter of
electromagnetic radiation transmitted and/or reflected and/or emitted from the

sample,

computing means for performing data analysis of the at least one physical

spectroscopic parameter, obtaining at least one data variable,
storage means for storing the at least one obtained data variable,
storage means for storing at least one latent variable and/or at least one

multivariate model and/or at least one characterisation information of a trained

prediction and/or classification system,
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processing means for providing at least one latent variable from the at least one
obtained data variable of the sample,

means for correlating the at least one latent data variables from the sample with
latent variables of said trained system, thereby obtaining a characterisation of
the oil sample, e.g. quantitative parameter predictions and/or at least one class
to which the sample belongs, and

means for displaying the characterisation.

The system according to claim 29, wherein the electromagnetic radiation
comprises radiation monitoring radiation and/or excitation light.

The system according to claim 29 or 30, wherein the detection means for
recording at least one physical spectroscopic parameter comprises means for
determining the absorption of electromagnetic radiation transmitted through the
sample.

The system according to any of claims 29 to 31, wherein the detection system
is arranged to detect emitted light from the oil sample having a wavelength in
the range of from 100 nm to 1000 nm, such as from 100 to 800 nm, such as

from 200 nm to 800 nm, such as from 200 nm to 600 nm.

The system according to any of claims 29 to 32, wherein the physical parameter
determined is selected from the group of fluorescence intensity, fluorescence
lifetime, phosphorescence intensity, phosphorescence lifetimes, depolarisation,
quantum yield, phase-resolved emission, and circular depolarization.

The system according to any of claims 29 to 33, wherein the detecting means is
selected from a one-dimensional detector, a scanning camera, a CCD, a
CMOS, a diode array, or a photomultiplier.

The system according to any of claims 29 to 34, wherein the detection system
is arranged to detect electromagnetic radiation transmitted through and/or
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reflected from the oil sample having a wavelength in the range of from 750 nm
to 3000 nm, such as from 1100 to 2500, such as 1300 to 1900nm.

The system according to claim 35, wherein several wavelengths are used, such
as from 2 to 5000 wavelengths.

The system according to any of claims 35 to 36, wherein said several
wavelengths are chosen so that each wavelength differs from the other by at
least 0.1 nm, such as 0.5 nm, for instance at least 1 nm, such as 5 nm, for
instance at least 10 nm, such as 50 nm, for instance at least 100 nm, such as
150 nm.

The system according to any of claims 35 to 37, wherein absorption of
electromagnetic radiation at each of said several wavelengths may be

measured simultaneously or sequentially.

The system according to any of claims 35 to 38, , wherein the detection means
comprises means for detecting electromagnetic radiation at 4 wavelengths,
such as means for monitoring radiation having a wavelength of 1300 nm, 1500
nm, 1700 nm, and 1900 nm.

The system according to any of claims 35 to 39, wherein the detection means
comprises means for detecting electromagnetic radiation in the wavelength
ranges, where the absorption of electromagnetic radiation in water is strong
such as at 1300-1400nm, 1900-2000nm, 2150-2200nm, 2870nm and 3050nm.

The system according to any of claims 35 to 40, wherein the physical NIR
parameters to be determined in order to perform a data analysis are the
absorbance and/or transmission and/or reflectance values as a function of

wavelength.

The system according to any of claims 35 to 41, wherein the detection means
comprises means for detecting NIR radiation, such as a semiconductor (e.g.
PbS), photo voltaic elements (e.g. InAs, InSb), or a CCD.
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The system according to any of claims 35 to 42, comprising means for
recording absorbance and/or transmission and/or reflectance values with a 1

nm sampling interval.

The system according to any of claims 29 to 43, being divided into at least a
first unit and a second unit, wherein said first unit comprises the parts a) to at
least e) of the system, and the second unit comprises the remaining parts of
claim 29.

The system according to any of claims 29 to 44, further comprising means for
measuring at least one other variable of the sample.

The system according to claim 45, wherein the at least one other variable is
selected from a pH value of the sample, concentration of any other relevant
compound in the sample, temperature or any other physical property of the
sample or property of the sample or the place from which the sample was
taken.

The system according to any of claims 29 to 46, further including means for
entering at least one other variable.

The system according to any of claims 29 to 47, further comprising means for

pre-treating the sample prior to an exposure to electromagnetic radiation.

The system according to claim 48, wherein the means for pre-treatment

comprises means for adjusting the pH of the sample to a predetermined value.

The system according to any of claims 29 to 49, wherein the characterization of
the oil sample relates to at least one of the group of the Water Concentration,
Total Base Number (TBN), Total Acid Number (TAN), Viscosity (at different
temperatures) and the content of Particles, Silicon, Sodium, Boron, Iron,
Aluminum, Chromium, Molybdenum, Gopper, Lead, Tin, Nickel, Titanium,
Silver, Phosphorus, Zinc, Calcium, Barium, Magnesium, and Sulfur.
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The system according to any of claims 29 to 50, comprising means for the
predicting a quality and/or quantity parameter of an oil sample and/or classifying
an oil sample takes place at-line or on-line.
A method for characterising an oil sample, comprising
obtaining the oil sample,

exposing the oil sample to electromagnetic radiation,

determining at least one physical spectroscopic parameter of light transmitted
and/or reflected and/or emitted from the oil sample,

performing data processing of the obtained at least one physical spectroscopic
parameter obtaining at least one data variable,

storing the obtained at least one data variable,

providing at least one latent variable from data variables of the sample,

obtaining at least one latent variable from a trained prediction and/or
classification system,

correlating latent data variables from the sample with latent variables of the
trained system, to obtain quantitative predictions and/or quality predictions

and/or at least one characterisation class of the sample, and

displaying the quantitative predictions and/or quality predictions and/or at least

one characterisation class of the sample.

A method according to claim 52, wherein the electromagnetic radiation
comprises monitoring radiation and/or excitation light.

The method according to claim 52 or 53, wherein the oil sample is obtained

from an oil engine, a tank, a process stream, a vessel step, or a transmission.
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The method according to any of claims 52 to 54, wherein the wavelength of the
excitation light is in the range of from 100 nm to 1000 nm, such as from 100 to
800 nm, such as from 200 nm to 800 nm, such as from 200 nm to 600 nm

The method according to any of claims 52 to 55, wherein the spectral
distribution of light emitted from the oil sample is ranging from 200 nm to 800
nm.

The method according to any of claims 52 to 56, wherein the physical
spectroscopic parameter determined is selected from the group of fluorescence
intensity, fluorescence lifetime, phosphorescence intensity, phosphorescence
lifetime, depolarisation, quantum yield, phase-resolved emission, and circular
depolarization.

The method according to any of claims 52 to 57, wherein the detection system
is arranged to detect electromagnetic radiation transmitted through and/or
reflected from the oil sample having a wavelength in the range of from 750 nm
to 3000 nm, such as from 1100 to 2500, such as 1300 to 1900nm.

The method according to claim 58, wherein several wavelengths are used, such
as from 2 to 5000 wavelengths.

The method according to claim 59, wherein said several wavelengths are
chosen so that each wavelength differs from the other by at least 0.1 nm, such
as 0.5 nm, for instance at least 1 nm, such as 5 nm, for instance at least 10 nm,

such as 50 nm, for instance at least 100 nm, such as 150 nm.

. The method according to claim 59 or 60, wherein absorption of electromagnetic

radiation at each of said several wavelengths may be measured simultaneously
or sequentially.

The method according to any of claims 59 to 61, wherein 4 wavelengths are
selected, such as monitoring radiation having a wavelength of 1300 nm, 1500
nm, 1700 nm, and 1900 nm.
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The method according to any of claims 59 to 62, wherein the monitoring
radiation is having wavelengths in ranges, where the absorption of
electromagnetic radiation in water is strong such as at 1300-1400nm, 1900-
2000nm, 2150-2200nm, 2870nm and 3050nm.

The method according to any of claims 59 to 63, wherein the physical NIR
parameters to be determined in order to perform a data analysis are the
absorbance and/or transmission and/or reflectance values as a function of

wavelength.

The method according to any of claims 59 to 64, wherein the NIR radiation is
detected by any suitable detector, such as a semiconductor (e.g. PbS), photo
voltaic elements (e.g. InAs, InSb), or a CCD.

The method according to any of claims 59 to 65, wherein absorbance and/or
transmission and/or reflectance values are recorded with a 1 nm sampling

interval.

The method according to any of claims 52 to 66, wherein the signals are be
recorded by fibre optic probes, transmission probes, transmission probes for
process applications, or reflection/backscattering probes.

The method according to any of claims 52 to 67, wherein the data analysis of

step d) is selected from a one-way matrix of spectral information, a two-way

matrix of spectral information, a three-way matrix of spectral information, a four-

way matrix of spectral information and, a five-way or higher order matrix of

spectral information or mixtures hereof.

The method according to any of claims 52 to 68, wherein at least one other
variable related to the oil sample is included as data variable.

The method according to claim 69, wherein the at least one other variable is
selected from a pH value of the sample, concentration of any other relevant
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compound in the sample, temperature, viscosity, flash point, or any other
physical property of the sample or the place from which the sample was taken.

The method according to any of claims 52 to 70, wherein the sample is pre-
treated before subjecting the sample to step b).

The method according to claim 71, wherein the pre-treatment comprises
adjustment of pH of the sample to a predetermined value.

The method according to any of claims 52 to 72, wherein the classification of an
oil sample takes place at-line or on-line.

A system for the measurement of TBN (Total Base Number) and water in new
and used lubricants, comprising

a sample domain for comprising an oil sample,

means for exposing the oil sample in the sample domain to electromagnetic
radiation,

detecting means for recording at least one physical spectroscopic parameter of
electromagnetic radiation transmitted and/or reflected and/or emitted from the

sample,

computing means for performing data analysis of the at least one physical

spectroscopic parameter, obtaining at least one data variable,

storage means for storing the at least one obtained data variable,

storage means for storing at least one latent variable and/or at least one
multivariate model and/or at least one characterisation information of a trained

prediction and/or classification system,

processing means for providing at least one latent variable from the at least one
obtained data variable of the sample,
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means for correlating the at least one latent data variables from the sample with
latent variables of the trained system, thereby obtaining a characterisation of
the oil sample, e.g. quantitative parameter predictions and/or at least one class
to which the sample belongs, and

means for displaying the characterisation.

A system according to claim 74, furthermore comprising means for predicting
fuel quality and fuel contaminants such as polymers, lubricant soot
levels/insoluble levels, lubricant viscosity, fuel contamination of lubricants and
TAN (Total Acid Number).

A prediction and/or classification system for on-line and/or at-line monitoring of
hydraulic oil and/or machine oil comprising

a sample domain for comprising an oil sample,

means for exposing the oil sample in the sample domain to electromagnetic
radiation,

detecting means for recording at least one physical spectroscopic parameter of
electromagnetic radiation transmitted and/or reflected and/or emitted from the

sample,

computing means for performing data analysis of the at least one physical

spectroscopic parameter, obtaining at least one data variable,
storage means for storing the at least one obtained data variable,
storage means for storing at least one latent variable and/or at least one

multivariate model and/or at least one characterisation information of a trained

prediction and/or classification system,
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processing means for providing at least one latent variable from the at least one
obtained data variable of the sample,

means for correlating the at least one latent data variables from the sample with
latent variables of the trained system, thereby obtaining a characterisation of
the oil sample, e.g. quantitative parameter predictions and/or at least one class
to which the sample belongs, and

means for displaying the characterisation.

A prediction and/or classification system for on-line and/or at-line monitoring of

hydraulic oil and/or machine oil comprising

An optical probe for exposing oil in-situ to electromagnetic radiation,

detecting means for recording at least one physical spectroscopic parameter of
light transmitted and/or reflected and/or emitted from the sample,

computing means for performing data analysis of the at least one physical
spectroscopic parameter, obtaining at least one data variable,

storage means for storing the at least one obtained data variable,

storage means for storing at least one latent variable and/or at least one
multivariate model and/or at least one characterisation information of a trained

prediction and/or classification system,

processing means for providing at least one latent variable from the at least one
obtained data variable of the sample,

means for correlating the at least one latent data variables from the sample with
latent variables of the trained system, thereby obtaining a characterisation of
the oil sample, e.g. quantitative parameter predictions and/or at least one class
to which the sample belongs, and
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h) means for displaying the characterisation.
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