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WG6 Timeline activities

• 2022: Discussions about sensor calibrations. Brainstorming on sensible approach for calibration benchmark
 Benchmark based on synthetic sensor data.

• 2022/2023: INERIS, ISSeP and RIVM use the generated synthetic data to develop/test their selection and 
calibration methods.

• Jan-July 2023: work on article comparing the results on the selection/calibration benchmark. Submitted for 
publication in summer.

• Last half year:
• Review sensor calibration

• Long review process during second half of 2024. 
• Minor revisions. 
• Processing well-reasoned substantive commentary. 

• Discussions and thinking out approach for benchmarking sensor fusion methods (next presentation).   

• End 2023: Publication on benchmarking sensor calibrations 
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Publication

• Using synthetic data to benchmark 
correction methods for low-cost air 
quality sensor networks

• Air Quality, Atmosphere & Health 

• 21 December 2023

• RIVM, INERIS, VITO, ISSeP, CESAM & 
UAveiro, JRC

• Benchmark for low-cost PM2.5 sensors

https://link.springer.com/article/10.1007/s11869-023-01493-z
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Three different calibration methods

• First define clusters of 
sensor observations based 
on:

• distance between sensors
• Typology /  land use
• season 

• Estimate local correction 
factor for clusters close to 
reference measurement

• Interpolation by kriging

• Measurements from reference 
stations are used to produce 
interpolated [PMxx] fields for the 
studied area. 

• Determine sensor weights using 
regression with the field above

• Use sensor weights to update the 
field

• Iteration: Repeat the steps above at 
least twice 

• Updated field at sensor location = 
calibrated sensor 

• Outlier detection methodology 
based on lowest/highest sensors.

• Define sensor groups in the vicinity 
of the reference stations

• Estimate local correction factor for 
these groups. 

• Interpolation correction factors to 
correction field.
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Example calibration methods

Correction factors  Correction of sensor concentration (µg/m3)



FAIRMODE Plenary Meeting  |  February 2024

Validation approach

• How to compare the three difference calibration methods?
• We wanted to know the behaviour of the calibration models at all  ~ 2000 sensor locations

(Not only at a few locations, close to reference measurement)
• Decision to generate synthetic data for validation. 

• Compare results from different calibration methods to synthetic truth at ~ 2000 locations
• Objectively test the effects of variations in calibration strategies
• Generate synthetic truth (real concentrations) as well as synthetic sensor data
• Synthetic sensor data should reflect chaotic aspects of low-cost PM sensors.

Use real sensor data as bases for synthetic data
• Synthetic sensor data enables varying sensor uncertainties
• A data set with synthetic data was created for January, 2022, using 50% of the random 

uncertainty.
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Synthetic vs real sensor data

• No correlation when 
compared real synthetic to 
real concentrations

January 11th, 2022, 06:00 February 08th, 2022, 20:00

• Same distribution for 
synthetic and real data
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Results (1)

Period Jan 01-31, 2022

Target plots of the monthly 
averaged raw data and the averaged  
calibrated data.

The calibration reduces the CRMSE 
for all three calibration methods. 
The BIAS is less affected.

(The BIAS and CRMSE are not
normalised 
using the uncertainty of reference 
PM2.5 measurements)
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Results (2)

Period Jan 01-31, 2022

• Daily average of all sensors for 
raw data (red) versus the 
calibrated data (blue)

• Significant improvement of daily 
BIAS by RIVM and INERIS method
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Sensor error & humidity
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Discussion and Conclusions (1)

• Benchmarking is an important and useful process to study the effects of different 
approaches in the calibration of data from large networks of low-cost sensors.

• Sufficiently realistic synthetic real  concentrations and synthetic sensor data can be 
constructed, and these are valuable for an objective benchmark of different sensor 
network processing algorithms.

• The importance of data cleaning, handling of uncertainty, interpolation, and calibration of 
low-cost sensors was demonstrated and investigated.

• The algorithms applied in the benchmark for network calibration can substantially correct 
the influence of environmental conditions on the performance of the SDS011 PM2.5 
sensors. 
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Discussion and Conclusions (2)

• The methods employed by RIVM-INERIS are suited for a calibration approach looking for a 
robust good mean calibration, with tolerance for a few “bad” corrected sensors, whereas 
the ISSeP method is suited for calibrations with low tolerance for badly corrected sensors.

• The SDS011 sensor, used as a basis for the synthetic data, has a large random uncertainty 
that cannot be corrected by network calibration. 

• Combining the calibrated PM2.5-sensor data with existing air quality maps in a data fusion 
approach is expected to improve the level of detail and the quality of the air quality maps, 
especially when zooming in spatially and in time. 



Questions ?
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