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Figure 2: Schematic diagram of the tools and their relations in the
measurement system.
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Adaptation
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Soft sensors

AUsemeasureddata fromprocessesind sensors andorrelateto qualitative
measurementsn lab or usingadvancedsensors offine

ADo regressiomsingPLS, PCA, ANt

AThemostimportant for makinggoodsoft sensors is thavegoodA y LJdzi SHRI G |
In ¢ shitoute H

AIf youmeasureon-line you haveto seethat referencesamplesare taken for the
same materialolume

Alf you havelar%_epr_ocesseﬁ IS essentiako havemanyreferencesampledo
correlateto. Thisgivesstatisticallyacceptable regressiomodels

Alt isimportantto havesamplesepresentinghe completeé¢ S E LIS NJoWiSey G | f
for mostimportant variables

A Factorialdesign iggoodfor identificationof suitablesamplingwithin this space



Continuousneasurementwith NIR atwaste
combustionplant

ASamplesveretaken at aconveyorbelt roughly2 minutesresidenetime
after wherethe meterwassitting

AFirstwe got NIRmeasurementgor sametime aswhensampling of
referencesampleswere taken

AThecorrelationbetweenspectraand moisturecontentin reference
samplesyvasverypoor (>>0.5)

AWhenwe realizedthat there wasno adjustmentfor the lagtime and
adjustedto correlatefor spectratwo minutesbeforewhenreference

samplewastakenwe got verygoodcorrelation(approximately0.9).

ASometimesve don't know exactlyhow Ion% thedelaytime is, andthen we
needto testcorrelationsfor atime span (hat we believeis correct+ 1

min, +2 minetc)




Pretreatmentof signals

AWe correlatedNIRspectrato lignincontent
ATakensampledirectly with full spectrumgavepoor correlation

AAfter filtering the signaladjustingbaseline and selectingust msot
represenativavavelengthsthe R2increasedrom < 0.5 to > 0.9.

AAnotheraspectis how frequent samplingsare needed

AFor aslowprocessvaluesevery1l5 min oreveneveryhour maybe
fine, while for otherssecondsr minutesmaybe needed




Machine learning for PhD

Near infrared (NIR) spectroscopy for material
characterization and process monitoring
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Near infrared (NIR) spectroscopy

Higher energy O hd Lower energy
Higher frequency Frequency is proportional to energy Lower frequency T“‘“*°"|e;f;§jn'dmmbmammm| 2
1924 1922 1(|)2O 1(?18 1916 1(')14 10I12 1910 198 1(?6 194 192 1(I)0 v(s'1) | First combination overtone region P E’
Lo B i o
o-rays Xrays | UV IR Microwave g4 4io Long radio waves o] [o] = = 28
waves [l [ow] [on] I
1016 1014 1012 1010 108 Mio6 104 102 100 1(;2 104 106 108 A(nm) s ]
Shorter wavelengths Longer wavelengthsg | , |
Nearinfrared spectiaegion 2 09
betweery00and2500 nm £ o074 “LRDHS‘L‘?EEIZZ?S”
(14,28%mto 4000 cr < o
0:1 e B e LI E— t t t
- 850 1000 1150 1300 1450 1600 1750 1900 2050 2200 2350 2500
W hPlanckés c¥nks)ant (6. 63A10 Wovelengh(om) | ,
H‘ - li frequencv (HZ) 11000 9000 8000 Y%gvenug%%?(g?g 5000 4500 4000
= W speedf light3. 0 m Als
Y E — wavelength m

g wavenumber {fin

Referenc&kvaril, Kyprianidis KG, Dahlquispglications of near

infraredspectroscopyNIRS) in biomass energy conversion processes:
review Vol. 52, Applied Spectroscopy Reviews. 20172. 675



Acquisition of spectroscopic data

Fourier

Contactless illumination Transform NIR
Spectroscopy is the study of thingvay  detectiorhead spectrometer
light (electromagnetic radiatieMR)yand Optical fiber
matterinteract.
Matter absorbs EMR and the change
which occurs depends omauthaunt of 1rem Diffuse
energy being absorbél Resul ti ng i n reflectance
detectable peak in absorption spectra at gensing mode
given wavelength spot

. ) @10 mm Turn tabl
Interaction with polar mole€ul¢GH, urn table
C-O, SH and N . . ., .0
Relative o) d ¢ %

BeerLambert law absorbance

b There is Bnear relationshipetween
the intensity of the spectral peaks and|. radiation intensity reflected from reference

the concentration of absorbers |, radiation intensity reflected from sample
(Yproperties of i nterest)

Absorbanca.(1)

. . Wavenumbers (&m
Regression modelling



