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• New datasets:

• Most comprehensive assessment of LCS in UK urban 
environments to date

• Strong collaborations with other groups to bring together 
existing datasets

• New methodologies:

• Sensor test-bed demonstration

• Quantifying and minimising sensor data uncertainty

• Network calibration methods

• Pollutant source information using low-cost sensors

Quantification of Utility of Atmospheric Network Technologies



QUANT
Location transfer case study 

 
The potential susceptibility of low-cost air pollution sensor technologies to cross sensitivities from 
other chemical or physical parameters implies that performance could vary depending on the 
environment in which the sensor is located. If this is the case, then sensor performance could be 
affected by changes in both the spatial and temporal environment, i.e., if the sensor is physically 
moved between different locations or if the conditions at the same location change significantly 
between summer and winter. 
 
As part of the UK QUANT study, a set of commercial low-cost sensor devices were collocated with 
reference grade instruments at several urban locations. All sensors were initially located at an urban 
background site in Manchester for several months before one of each sensor type was moved in 
March 2020 to a road-side site in York and an urban background site in London for a period of 2.5-
years. Following this, all devices were then returned to the Manchester site for a further 3 months of 
collocation in July 2022. This enables individual sensor performance to be evaluated in different 
locations.  
 
Figure 1 shows regression plots for two “identical” low-cost PM2.5 sensor devices over two three-
month periods: May-July 2022 (top plots) and Aug-Oct 2022 (lower plots). The sensor in the left 
column remained in Manchester for the full duration of QUANT, while the sensor in the right column 
moved between York and Manchester. The sensor accuracy, as measured by the RMSE, can be 
seen to remain reasonably consistent between the sensors across all time periods at both locations. 
However, the slope between the sensor and reference data does change notably between the York 
and Manchester data. The cause of this change is not obvious from these summary plots, but could 
be due to changes in local conditions impacting the sensor calibration or differences in actual PM2.5 
sources at the two sites resulting in the sensor potentially missing some of the particles observed by 
the reference instrument at the York site.  

Figure 1: Regression plots showing data from two “identical” PM2.5 sensors over 2 time periods, May-July 
2022 (top plots) and Aug-Oct 2022 (lower plots). The sensor in the left plots remained at an urban-
background site in Manchester for both time periods, whereas the sensor shown in the right plots moved 
between a road-side site in York (top) and the Manchester site (bottom). All comparisons show similar 
RMSE, but the slope for the York comparison is different to the others. 

 

Low-cost air pollution sensors – the importance of inter-device precision 
 

A major strength of low-cost air pollution sensors is the ability to create dense networks of devices 
that can provide information on pollutant spatial distributions, which is not obtainable from traditional 
sparse reference measurement networks. Designing and interpreting the data from networks is a 
non-trivial task, especially when thinking about how to calibrate a network and account for 
measurement uncertainty in the data interpretation. A potentially important feature to be considered 
when selecting devices for a network is inter-device consistency or precision, i.e., how similar 
“identical” devices respond across the network. This is particularly important, as the relatively small 
size and power consumption of low-cost sensor devices means they can make measurements in 
locations inaccessible to reference devices, which makes collocation calibrations of every device 
difficult or impossible in their final measurement location. If devices show high inter-device precision, 
however, users of the data can be more confident when interpreting observed differences across the 
network that these are genuine differences and not simply due to chance. How inter-device precision 
evolves with time is also important to know, particularly if the desired use case involves long-term 
deployment 
 
As part of the UK QUANT study, multiple “identical” devices were collocated for the first 2 months 
and the final 3 months of the 3-year QUANT deployment in order to assess inter-device precision, 
and how this can change over time. Figure 1 shows the inter-device precision of 2 companies’ PM2.5 
measurements during the first 2 months (left) and the final 3 months (right) of the 3-year QUANT 
deployment. The reported SD values correspond to the “precision”, a measure of inter-device 
variability with a lower value indicating higher inter-device precision 1. Company 1 (top) has a greater 
inter-device precision than company 2 over both of the observed time periods and also exhibits less 
of a reduction in inter-device precision between the two time periods, with an approximate doubling 
of the precision metric for device 1 compared with an increase of a factor of 5 for company 2.  
 

Figure 1: Inter-device precision of 
PM2.5 measurements from 
“identical” devices from 2 
companies. Each company has 
measurements from at least 3 
devices (faded grey lines), with the 
solid blue line showing their time-
wise mean. The labelled SD is the 
precision1, defined as the standard 
deviation of every measurement’s 
distance from its mean. The shaded 
blue region encompasses 2 SDs 
from the mean. 

 

 
It is worth noting that the precision provides no information on the accuracy of the sensor 
measurements; it is possible that a batch of devices are highly consistent, but also highly inaccurate 
of the target pollutant. Figure 2 uses collocated reference data to summarise accuracy metrics for 
the first 2 months of the QUANT deployment for both NO2 and PM2.5, decomposed into bias and 
variance. Devices with high accuracy will be located close to the centre of the target plot, and 

The benefits of colocation calibrations 
 
All instruments used to measure air pollutants require some form of calibration to convert raw 
electrical signals into measures of concentration or mixing ratio in their standard units. For many 
reference instruments this typically involves sampling a certified gas standard of a known 
concentration and identifying the parameters for a linear correction. This approach assumes there 
are no other factors that impact on the sensor reading except from the target pollutant. Unfortunately, 
this is not the case with many low-cost sensor technologies, which are frequently sensitive to other 
atmospheric constituents, such as water. As such, collocation with well characterised reference 
instruments is recommended as the preferred calibration approach, where correction functions are 
developed to maximise the agreement between the sensor and the reference instrument. These 
functions can take the form of simply applying a slope or offset, or can involve more complex non-
linear forms, potentially incorporating external data sources such as temperature or humidity. These 
correction routines can also be automatically identified from the data using machine learning 
algorithms. Commercial low-cost air pollution sensors all use some form of universal calibration to 
provide “out-of-box” measurements. In order to achieve optimal performance, it is recommended to 
tailor the calibration to the deployment environment by performing a new collocation study in a 
representative setting. 
 
As part of the UK QUANT study, a set of commercial low-cost sensor devices were collocated with 
reference grade instruments at several urban locations. After running from December 2019 to April 
2020 in the out-of-box configuration, reference data from the start of the study until 18th February 
2020 was provided to the manufacturers with the intention for them to retune their calibrations. An 
example of the improvements seen following this collocation calibration can be seen in Figure 1, 
which shows data from a low-cost NO2 sensor compared with collocated reference measurements 
under different calibration algorithms and two time-periods. The out-of-box measurements from 22nd 
January until 18th February (upper panel) show a clear under prediction by the low-cost sensor, and 
what seems to be a humidity dependence in the measurement error at high humidity. Following the 
application of a calibration model using reference data from this same period (middle panel), the new 
measurements are much improved in terms of their accuracy (quantified by RMSE), their linearity 
(quantified by R2), and also removing the apparent humidity dependence in the error.  

Figure 1: Plots showing the impact of collocation calibration on the agreement between a low-cost NO2 sensor 
and a reference NO2 measurement at an urban background site in Manchester. The top row of plots show the 
reference and “out-of-box” sensor data between 22nd Jan and 18th Feb 2020 as a timeseries (left), regression 
plot (middle) and plot of the difference between the two as a function of humidity (right). The data in the top 
plots were then used to perform a collocation calibration, which when applied over the same time period 
resulted in a significant improvement in agreement (middle row plots). The increased agreement between the 
sensor and the reference instrument achieved by the collocation calibration is seen to degrade somewhat 
outside of the training data period, with the bottom row of plots showing collocation calibrated sensor and 
reference data for 1st Mar to 1st Jun 2020. 

• Communicate findings to key stakeholders

• Publish finding in academic literature

• Case studies demonstrating best practice

• Open data and data visualisation tools

• Stakeholder workshop planned

• Demonstrate methodologies:

• Demonstrate power of network methods

• Source apportionment to inform targeted interventions

Currently looking for opportunities to 
enable the above impact activities

(QUANT funding ended in early 2022)
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