n Eur0pea :nergy and Sustainable Economic Development i
sion. Commis:
] ]

Calibration of a cluster of low-cost sensors
for the measurement of air pollution In ambient air
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Linear Regression

Introduction 03_3ETF =1103)
Several calibration methods of low-cost sensors are compared using
data from a measuring campaign. NOx, O,, CO, CO, and SO, were
registered using sensors collocated with reference monitors and meteo
data (temperature, relative and absolute humidity, wind and pressure).
The field calibration methods included: simple linear models (LM), .
multi linear regression models (MLR) established In previous ORI
laboratory studies [1] and artificial neural networks with raw,
standardised and calibrated (MLR) sensor responses. The
performance of each calibration method was compared taking the
measurement uncertainty as an indicator of the calibration efficiency.
An example is given for the estimation for hourly O, values.

Calibrated sensor in nmol/mol

Ozone, UV-photometry nmol/mol

Cluster of sensors

Calibrated sensor in nmol/mol using NOZ2 and O3

Art. Neural Network, raw sensor values
03 =f(03_3E1F, NO2_2710, NO2_4514, bias)
Ozone, UV-photometry nmol/mol

Validation period:y=-29+ 1.04 x, R2=0.95470

Neural Network prediction in nmol/mol

Ozone, UV-photometry nmol/maol

Art. Neural Net, standardised sensor values Art. Neural Net, calibrated sensor values
03 =f(03_3E1F, NO2_2710, NO2_4514, bias) 03 =f(03_3E1F, NO2_2710, 4514-NO2, bias)

Validation period: y =-3.9+ 1.07 x, R = 095602 Validation period:y = 1.5+ 0.99 x, R*=0.95423

Neural Networl prediction in nmeol/mol
MNeural Network prediction in nmol/maol

Ozone, UV-photometry nmol/mol Ozone, UV-photometry nmol/maol

Choice of variables
- Linear regression: for each sensor responses

- Multivariate non-linear estimation: O; and NO, sensor
responses

- Neural network: MultiLayer Perceptron with feedback
and input bias, one hidden layer of variable number of
nodes. The Initial input consisted of sensor responses
and meteo data. Initially, all sensors that were
correlated with O; and independent between each
other were selected. Using sensitivity analysis,
variables that were not found significant were
discarded. The best results were obtained with only 3
sensors and without any meteo data. The output of

the ANN consisted Iin the average of an ensemble of

the 5 best networks within 100 tested networks with

different MLP architectures.
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| Conclusion
f Based on the measurement uncertainty estimated with orthogonal

regressions of the estimated outputs versus reference data, the best

calibration method appears to be ANN using calibrated sensors.
Simple LR was shown to Linoar Model

: Multi Linear Regression
produce high measurement Inear Regression
uncertainty. While MLR ANN on standardised data

1 \ ANN on calibrated data
needs meteo data for \\\\
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, calibration of most sensors,

ANN using a cluster of only 3

sensors of different types

(1 O; chemical and 2 NO, \

resistive sensors) Is able to AN

solve the NO, Interference

on the O, sensor and to Ry

assure independence to the — T T T T T
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Ozone, UV-photometry, in nmol/mol
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