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Introduction

e We present a gas sensor based on eight polymer coated quartz crystals
using quartz crystal microbalance (QCM) as measuring technique

e The sensor is exposed to six different analytes at various concentration
levels

e The analytes are classified using Singular Value Decomposition (SVD),
Non-negative Matrix factorization (NMF) and Artificial Neural Networks
(ANN)

e Analyte concentration level is estimated using Principal Component
Regression (PCR), Neural Network Regression (NNR) and Gaussian
Process Regression (GPR)

e Application areas could be drug control, border control, homeland
security, anti terror activities, food control, environmental monitoring and
medical technology
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Data processing framework
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Quartz Crystal Microbalance
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Quartz Crystal Microbalance
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Quartz Crystal Microbalance
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Flow Controller setup
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Flow Controller setup
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Afrequency [Hz]

Flow Controller setup
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Flow Controller setup
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Afrequency [Hz]

Flow Controller setup
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Data is visualized using Principal Component =
Analysis (PCA)
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Data is visualized using Principal Component =
Analysis (PCA)
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Data is visualized using Principal Component =
Analysis (PCA)
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Data processing framework
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Classification results — average over 100
runs
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Classification results — average over 100
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Classification results — average over 100 -
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Data processing framework
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Regression methods used

e Principal Component Regression (PCR)

- A linear method that works well from few examples but are unable to
model non-linear behavior

— The model is simple to apply and requires little tuning
o Artificial Neural Networks (ANN)
— A non-linear method that is an universal approximator.

— Model requires careful regularization and optimization of hyper-
parameters

e Gaussian Process Regression (GPR)
— A non-linear method that is an universal approximator
— Bayesian kernel regression method
— Requires selection of covariance function
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Gaussian Process demo on water using MAH
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Performance evaluation of concentration

level estimation
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Gaussian Process demo on water using MAH
Water: relative error 0.394, RMS 2589.956
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Gaussian Process demo on water using MAH
Water: relative error 0.198, RMS 2350.645
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Gaussian Process demo on water using MAH
Water: relative error 0.063, RMS 115.852
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Gaussian Process demo on water using MAH
Water: relative error 0.066, RMS 145.426
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Gaussian Process demo on water using MAH
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Gaussian Process demo on water using MAH
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Gaussian Process demo on water using MAH
Water: relative error 0.065, RMS 146.383
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Gaussian Process demo on water using MAH
Water: relative error 0.066, RMS 162.307
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Gaussian Process demo on water using MAH
Water: relative error 0.066, RMS 162.240
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Gaussian Process demo on water using MAH
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Gaussian Process demo on water using MAH
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Gaussian Process demo on water using MAH
Water: relative error 0.062, RMS 142.230
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Concentration level estimation results
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Data processing framework
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QCM Data
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Conclusions

e The two-tiered data analysis framework works well

e The sensor is selective towards target analytes offering classification
accuracy up to 99.9%. SVD and NMF offers 96% classification accuracy
with 3 training points per analyte

e Classification accuracy implies that the choice of coatings represents a
sufficient range of chemical interactions

e Gaussian Process regression works well for concentration level estimation
— even when training points is limited
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Future work

e Test the gas sensor on mixtures

e Improve concentration level estimation outside training interval by
modifying the prior or the covariance function in GPR

e Apply polymer coatings to cantilever sensor
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