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Howdoesthe bodylearnand control our living?

Feel
bad

Grey

Trees

Windy

Runningin a forrest:
The brainstores manydifferent
factorslocally, tuningmany
soft sensors
Duringthe night strengthof 
connectionsareadaptedto
most important. The rest eliminated.
Someinformation usedfor direct
control.
Othersstoredfor uselater on



Structurefor adaptation
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Fiberline

Digester

Papermill

Wet-end

PM

Dryer

Bleachplant
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Adaptation

Heat 
exchangerCtrl

Compare
predictionto 

measurements-
Adaptslowly

Heat 
exchangerCtrl

Pump/flow ctrl

Pump/flow ctrl

Major equipment
with surrounding
equipmentslike 

digester

Correlateto quality
variables

Soft sensors
Highlevelctrl

Long term 
learning

Maintenance, 
Optimization, 

planning, 



Structureadaptation

Local
adaptation Local

adaptation

Local
adaptation

Sortingsignals

Manysignals enhances
signal forward

No signal decreases

RefinersEvaporatorsDigesterWood yard Wet end PM

Overall strategy

Planning,
Optimization
Maintenance

Use



Soft sensors

ÅUsemeasureddata from processesand sensors and correlateto qualitative
measurementsin labor usingadvancedsensors off line

ÅDo regression usingPLS, PCA, ANN etc

ÅThe most important for makinggoodsoft sensors is to havegoodƛƴǇǳǘ ŘŀǘŀΦ έShit
in ςshit outέΗ

ÅIf youmeasureon-line youhaveto seethat referencesamplesaretaken for the 
same material volume

ÅIf youhavelargeprocessesit is essentialto havemanyreferencesamplesto 
correlateto. Thisgives statisticallyacceptable regression models.

ÅIt is important to havesamplesrepresentingthe completeέŜȄǇŜǊƛƳŜƴǘŀƭ volumeέ 
for most important variables

ÅFactorialdesign is goodfor identificationof suitablesampling within this space



Continuousmeasurementwith NIR at waste
combustionplant
ÅSamplesweretaken at a conveyorbelt roughly2 minutesresidenetime

after wherethe meter wassitting
ÅFirstwe got NIR measurementsfor same time as whensampling of 

referencesamplesweretaken
ÅThe correlationbetweenspectraand moisturecontent in reference

sampleswasverypoor (>>0.5)
ÅWhenwe realizedthat there wasno adjustment for the lag-time and 

adjustedto correlatefor spectratwo minutesbeforewhenreference
samplewastaken we got verygoodcorrelation(approximately0.9).
ÅSometimeswe doń t knowexactlyhow long the delaytime is, and then we

needto test correlationsfor a time span (what we believeis correct+- 1 
min, +-2 min etc)



Pre-treatmentof signals

ÅWecorrelatedNIR spectrato lignin content

ÅTaken samplesdirectlywith full spectrumgavepoor correlation

ÅAfter filtering the signal, adjustingbaseline and selectingjust msot
represenativewavelengthsthe R2 increasedfrom < 0.5 to > 0.9.

ÅAnother aspectis how frequentsamplings areneeded

ÅFor a slowprocess valuesevery15 min or eveneveryhour maybe 
fine, while for otherssecondsor minutesmaybe needed



Machine learning for PhD

Near infrared (NIR) spectroscopy for material 

characterization and process monitoring

Jan Skvaril



Near infrared (NIR) spectroscopy
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Frequency is proportional to energy

Longer wavelengths

Lower frequency

Lower energy

Shorter wavelengths

Higher frequency

Higher energy

ɔ-rays X-rays UV IR Microwave Radio 

waves 

Long radio waves
FM AM

ʉ
ρ

‗

h Planckôs constant (6.63Ā10-34JĀs)
ʉ frequency (Hz)

ὧ speed of light (3.00Ā108mĀs-1)

‗ wavelength (m)

ʉwavenumber (m-1)

Near-infrared spectral region 
between 700and 2500 nm

(14,285 cm-1 to 4000 cm-1)

Reference:Skvaril J, Kyprianidis KG, Dahlquist E. Applications of near-

infrared spectroscopy (NIRS) in biomass energy conversion processes: A 

review. Vol. 52, Applied Spectroscopy Reviews. 2017. p. 675ï728. 



Acquisition of spectroscopic data
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ƀ Spectroscopy is the study of the way the 

light (electromagnetic radiation - EMR) and 

matter interact.

ƀ Matter absorbs EMR and the change

which occurs depends on the amount of 

energy being absorbedŸ Resulting in 

detectable peak in absorption spectra at 

given wavelength

ƀ Interaction with polar molecules O-H, C-H, 

C-O, S-H and N-H 

ƀ Beer-Lambert law

ƀ There is a linear relationship between 

the intensity of the spectral peaks and 

the concentration of absorbers 

(Ÿproperties of interest)

ƀ Regression modelling


