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Motivation

— Determination of the individual concentrations of volatile organic
compounds (VOCs) in gas mixtures
= 2-Butanone (C4HgO)
1-Propanol (C3HgO)
Isoprene (CsHg)
Ethylbenzene (CgH1g)
Styrene (CgHg)
= Hexanal (C¢H120)
— Analysis of photoacoustic spectra

Mid-IR wavelength region between 3.2 ym and 3.5 pm
Signal proportional to concentration for trace gases

— Multivariate analysis techniques

Regression
= Feature selection

= Feature projection
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Materials Methods

Experiment
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Optical parametric oscillator as radiation source 3.2 pm to 3.5 pm

Electro-optic modulator for frequency stability
Modulation frequency of 2.81 kHz

Digital mems microphone for low signal to noise ratio
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Photoacoustic spectra of single VOCs
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Materials Methods

Multivariate Analysis

Procedure from data acquisition to multivariate data analysis and testing
of gas samples

sample PAS :
; preprocessing
preparation measurement
splitting data into generating
training, validation, test synthetic mixtures
feature selection or .
. regression
feature projection
> validation > testing >
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Materials Methods

Dimensionality reduction by feature projection

Principal component analysis (PCA) and partial least squares regression
(PLSR)

— Features are decomposed into linear combinations x = tpT + e

— Scores (t) serve as new features
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Materials Methods

Dimensionality reduction by feature selection

— Photoacoustic spectra of Hexanal CAS 66-25-1 solid red
— Feature importance by random forest algorithm (RFA) dashed blue
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Results and Discussion

Accuracy of multivariate models

— Feature selection by RFA does not decrease accuracy
— Feature projection does increase accuracy

— PLSR with highest accuracy

MAE / ppm s / ppm

MLR 6.8 9.2
RFA + MLR 6.8 9.2
PCA + MLR 5.9 7.9
PLSR 5.8 7.8

Table: Error of multivariate regression models
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Outlook

— Improving the evaluation of the multivariate models by
cross-validation and additional test data

— Investigation of the influence of further VOCs on the accuracy

— Further investigations on the feature selection
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