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An automatic calibration method

The invention relates to a calibration method for evaluating

spectra of a spectrometer for examining solid, liquid or gaseous

substances.

This calibration method serves the analysis of spectra produced
by way of a spectrometer. Such analysis methods and devices

function according to the principle whereby a transmitter emits
electromagnetic radiation onto the substance to be examined and

these rays which are reflected by or penetrate through the sub-

stance are recorded by a receiver. For these examinations all
wavelength region of the electromagnetic spectrum may be used.
Particularly suitable 1s the wave region in the near infra-red

(NIR) . Such methods and devices are amongst others mentioned in
CH 685807 A5 or CH 683713 AS.

This analysis method is applied in particular in the pharmaceu-

tical, chemical, cosmetic, colouring, plastics, rubber and food-

stuffs industries.

Since with this spectral method there are various instrument
Cypes, sensors, substance tyes, aggregate conditions, mathemati-
cal methods and calibration behaviour and for each substance to

be examined there are nominal spectra, before the actual evalua-

tion a calibration is required.

Until now the calibration was effected by time-consuming, em-

pirical, intuitive or "guessing" determination of the required

variables cited above.

The object of the present invention then lies in specifying a
calibration method which automatically in as short a time as
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. possible ascertains the optimal boundary conditions of the ac-

tual evaluation method.

According to the invention this object is achieved by the fol-

lowing method steps:

- defining and determining the number of componenté of a vec-
tor-equivalent data set

- producing the data sets on account of experience values,
measuring methods, computation methods and/or specific sub-
stance properties

- acquiring nominal spectra

— calibration computation

- selecting primary and/or secondaxry factors

- determining and subSequent'sorcing of the calibration qua1~
ity, in particular Q-value

- selecting the calibration on account of the best Q-values

wherein the calibration is effected automatically.

Various selection criteria (primary and secondary factors) are
computed independently from the used calibration method
(MLR/PCR/PLS/Cluster), wherein the data necessary for evaluation
18 processed.

Finally a quality factor optimal for the calibration is deter-

mined which results with the computation of the calibration
method (MLR/PCR/PLS/Cluster).

Furthermore with the calibration method according to the inven-

tion the structure of the knowledge base which contains all data
expert knowledge and their weightings may be developed.
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Further advantageous method Steps are deduced from the dependent
claims. In particular as components of a data set the measuring
device, in particular the sensor Lype, specifically optical
and/or mechanical as well as the number of measurement run-
throughs may be ascertained. As further components of the data

sets necessary for the calibration the specific data of the sub-

stance to be examined is determined. Furthermore likewise in the

PLS and/or CLU known in chemometry are useqd.

For calibration further there serve the nominal spectra known
for a substance toc be examined.

In order to obtain an optimal calibration, the components of the

data sets completely and/or partly may be permutated within the
calibration method. '

The measured spectra are generally characterised by a multitude
of oscillation Superpositions. A visual evaluation is therefore
practically not possible. Specific differences in the spectra of
similiar substances often consist only of a slight displacement
or small shape changes of the mostly wide absorption bands. It
1s therefore necessary to evaluate these spectra with mathemati-
cal methods. These mathematical methods are based on chemometric
Software. Chemometry is to be understood as the application of
mathematical methods in chemistry. The chemometric software in
SpecCtroscopy has the exercise of finding a statistical relation-

ship between spectral data and the known property values of the
samples used for calibration.
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As an example, in the following,

the form of flow diagrams. There are shown in:

Figure 1 Sschematic representation of a possible measuring de-
vice

Figure 2 a flow diagram of the automatic calibration

Figure 3 initialisation of the Knowledge base

Figure 4 input

Figure & permutation

Figure 6 method computation

Figure 7 factor selection
Figure 8 qualitative and quantitative Q-valuye determination
In Figure
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Figure 3 represents the initialisation of the knowledge base.
The knowledge base forms the basis for the components containing
the data Sets. To the initial data there belong for example the
instrument type/sensor, the substance type, the calibration
type, the calibration behaviour and/or spectral data. From these
five initial data, on account Of expert knowledge the parameter
group 1s determined and weighted. As a sensor type an optical or
mechanical sensor may be considered. The substance type is layed
down by way of a4 prior treatment of data and by way of the se-
lection of the measuring procedures. To the calibration type
there belongs a calibration data set with a possible computing
method. The calibration behaviour is determined from the se-
lected wavelength region, a pre-treatment of data, the primary,
the secondary factors and/or the number of measuring procedures.
The spectra data are composed of the calibration data set, the

validation data set, the wavelength selection, the pretreatment

of data and/or the number of measuring procedures.

After the initialisation there follows the actual input accord-
ing to Figure 4. From the Spectra data there is selected in par-
ticular the instrument type/sensor with which the respective

spectrum is recorded. Furthermore the substance Lype, the cali-
bration type and the calibration behaviour are inputted.

After the input there follows according to Figure 5 the complete
and/or part permutation of the components of the data sets. The
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respective parameter group is subjected to a computation for the
calibration. With this, the method itself forms a component of

the data set. The method computation is broken down in Figure 6.

The computation course begins with the main component analysis, -
amongst others published in S. Wood, K. Esbensen, P. Geladi,
"Principle Component Analysis", Chemometrics and Intelligent
Laboratory Systems 2 (1987) 37- 52. A spectrum measured with the
device according to Figure 1 may for example be composed of for
example 500 measuring points. This individual measuring data
corresponds to the intensity values in dependence on 500 wave
numbers in the near infra-red. In order to obtain a gobd call-
bration, one in turn requires a large number of spectra. For ex-
ample 100 substance spectra thus result in 50,000 data points
which entails a great computing effort. In order to obtain ac-
ceptable computing times the spectral data is condensed with the
help of the main component analysis. With this no important in-

formation is lost.

With a calibration, to the samples there are allocated two dif-
ferent data sets independent of one another, specificaliy the
calibration data set on the one hand and the validation data set
on the other hand. With the calibration data set the main compo-
nent analysis is carried out. With the validation data get the

results of the calibration are evaluated.

For the quantitative calibration there are available a multitude
of computation methods. In particular there are cited here the
three most common computation methods: Multiple Linear Regres-
Ision.(MLR), Principle Component Regression (PCR) and the Partial
Least Squares Regression (PLS), for example published in Bruce R

Kowalskil, "Chemometrics, Mathematics & Statistics in Chemistry"
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NATO AIS Series, Series C: Math. & Phys. Sciences Vol. 138
(1584) .

MLR is an extension of the linear regression to several dimen-
sions. This evaluation on account of a few selective wavelengths
requires no main component analysis. In this method the proper-
ties are computed by intensity values and correlation coeffi-

cients.

The PCR is composed of two steps. In the first step the intensi-
ties to be loaded are computed by way of the main component
analysis. The second step produces the correlation coefficients
by way of MLR.

According to the principle of recursion with PLS the data to be
loaded is computed. The quantitative reference values are how-
ever taken account of already at the beginning of the computa-
tion. Whilst the PCR reduces the spectral data to the most domi-
nant dimensions, the PLS targets the most relative dimensions,

1.e. the best agreement between prognosed and actual values.

The actual calibration is made up on the one hand of the quali-

tative and on the other hand of the quantitative calibration.

The course of the quantitative calibration begins with the meas-
uring of the calibration spectra. In order to set up a represen-
tative calibration a multitude of various charges of’the same

class should be measured. With an increasing number of measuring

~run-throughs the signal/optical noise ratio may be improved and

inhomogenities compensated.

After the measuring of the samples, the actual setting up of the
calibration begins.,
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The spectra are divided into a calibration data set and into
a valldation data set, wherein the selection is effected

purely randomly. As mentioned above, the calibration data

without data pretreatment.

The main component analysis is carried out.

The total number of the primary factors is selected. Primary
factors are to be understood as the factors which are mean-

ingful for the description of the spectra up to the optical

noise limit of the applied measuring method.

Following the detemination of the primary factors, the se-
lection factors, called secondary factors are selected.
These selection factors are the factors which allocate to
the associated spectra an unequivocal separation of the

various calibration qualities. The factor selection is shown
in the form of a flow diagram in Figure 7

out. Those wavelength regions are rejected which do
not contain any significant information.

The best calibration is then stored and tested.

The qualitative calibration is used for measuring property

values (e.g. water content, mixing consituent parts,

hydroxy
number, etc.).
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After measuring the samples the calibration is set up. It is ef-

fected essentially according to the same course as with the

qualitative calibration.

According to the type of calibration, qualitative or quantita-
tive, according to the flow diagram in Figure 8, the quality of
the calibration, the so-called Q-value, is layed down.

At the end of the calibration computations subsequently a table

of the various Q-values is set up from which one may then select
the optimal calibration.
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Patent claims

1. A calibration method for evaluating spectra of a spectrome-
texr for examining solid, liquid or gaseous substances char -

acterised by the following method steps:

~ defining and determining the number of components of a
vector-equivalent data set

- producing the data sets on account of experience val-
ues, measuring methods, computation methods and/or spe-
cific substance properties

~ acquiring nominal spectra

- calibration computation

- selecting primary and/or secondary factors

- determining and subsequent sBorting of the calibration
quality, in particular Q-value

- selecting the calibration on account of the best Q-

values
wherein the calibration is effected automatically.

2. A method according to claim 1, characterised in that as com-
ponents of a data set the measuring device, in particular
the sensor type, specifically optical and/or wechanical, the

wavelength region, the adaptation of the required data as

well as the number of measuring run-throughs are layed down.

3. A method according to claim 1 or 2, Characterised in that

as components the specific data of the substance to be exam-

ined is determined in a processed manner.

I k. i b AL el oG e A S e
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10.

A method according to at least one of the claims 1, 2 or 23,

characterised in that as a component the computation method
is layed down.

A method according to claim 4, characterised in that as com-
putation methods for the calibration the methods MLR, PCR,

PLS and/or CLU known per se in chemometry are provided.

A method according to at least one of the preceding claims,

characterised in that as a component the behaviour of the
calibration is provided.

A method according to at least one of the preceding claims,

characterised in that the Spectra of the substance to be ex-
amined serve as components.

A method according to at least one of the preceding claims,
characterised in that the components of the data sets for

optimising the calibration are completely and/or partly per-
mutated.

A method according to at least one of the preceding claims,
characterised in that the optimal number of primary factors

for describing the spectra is determined up to the optical

noise limit of the applied measuring method.

A method according to at least one of the preceding claiws,

characterised in that after the determining of the number of
primary factors the selection factors described as secondary

factors are determined which permit an unequivocal separa-

tion of the various Q-values of the calibrations.
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