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a b s t r a c t 

This article presents a dataset comprising measurements 

made by co-located devices, with the aim of calibrating sen- 

sors for an upcoming in-situ use. The dataset includes hourly 

averaged data from 9 low-cost sensors and 2 traffic moni- 

toring stations (thereafter named QDP and SUD3) in Rouen 

spanning from October 20, 2021 to March 25, 2022. In addi- 

tion, the dataset is enriched by covariates measured by the 

sensors: temperature, relative humidity, atmospheric pres- 

sure, plus Ox and CO measures. 

The experiment was conducted as part of TIGA 

1 ‘s call for 

project, and designed to have a better understanding of sen- 

sors’ drawbacks, particularly when they are moved or shut 

down. Knowledge about the effect of air pollution on health 

has gained significant attention from both the scientific com- 

munity and citizens, making air quality a growing issue for 

urban area. As a result, the city of Rouen in Normandy, 

France, has prioritized air quality monitoring as a key initia- 

tive. Concurrently, several means to measure air pollutants 

have been made more accessible, such as the use of low-cost 

sensors. Those sensors offer affordability, but are known to 
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be less accurate than monitoring stations. Thus, they need to 

be cautiously studied so as to be used properly. 

© 2023 The Authors. Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND 

license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

S
pecifications Table 

Subject Environmental Science (air pollution) 

Specific subject area Nitrogen dioxide (NO 2 ) low-cost sensors calibration using monitoring stations 

Type of data Table (CSV files) 

How the data were acquired Instruments connected to the ATMO Normandie 2 network: 

• Low-cost sensors: 9 Alphasense Chemical Sensors in AirSensEUR host 

(including NO2-B43F, NO-B4, CO-A4, OX-A431 and deported temperature, 

humidity and pressure sensors in each node, as detailed in [1] ). As 

described in [ 2 , 3 ], AirSensEUR is an Open Platform project, targeted to 

precise air quality measurements, developed by the Joint Research Center 

in Ispra, in collaboration with Liberaintentio S.r.l. 

• Reference measures: 2 HORIBA APNA 370 (chemiluminescence) ambient 

NOx monitors, installed at traffic sites (named SUD3 and QDP). The QDP 

one also provides CO measurements. 

Data format Hourly averaged raw data 

Description of data collection Data were collected by ATMO Normandie using 9 low-cost sensors and 2 

monitoring stations located in Rouen, France, close to major roads. Data are 

acquired every 15 minutes for monitoring stations and every minute for 

low-cost sensors, and transmitted via the cellular network. However, the 

dataset only includes measurements averaged over 1 hour as they are the 

most often used. Data were collected starting from October 20, 2021 to March 

25, 2022, thus making a total of 29,605 observations. This period is 

particularly interesting since it corresponds the highest NO 2 concentrations in 

a year in Rouen. 

Reference measurements are given in μg/m 

3 while data from the sensors are 

non-calibrated, that is to say they represent electrical potential difference in 

volts. Temperature is given in Celsius degrees, relative humidity in percent and 

pressure in hPa (or equivalently in mbar). 

At the beginning of the measurements campaign, each sensor is installed 

co-located with one traffic monitoring station (4 at the SUD3 site and 5 at the 

QDP one). Most of them were permuted to the other one so as to study the 

stability of the calibration models when the device is turned off, moved and 

installed in a different location. 

Data source location Institution: ATMO Normandie 

City/Town/Region: Rouen 

Country: France 

Latitude and longitude for collected samples/data: 

- At QDP: longitude: 1.098583 latitude: 49.43675 

- At SUD3: longitude: 1.0670139 latitude: 49.4341639 

As GPS coordinates: 

- At QDP: longitude: 1 °05’54.90’’E latitude: 49 °26’12.30’’N 

- At SUD3: longitude: 1 °04’01.25’’E latitude: 49 °26’02.99’’N 

Data accessibility Repository name: Mendeley Data 

Data identification number: 10.17632/82dnstrd93.1 

Direct URL to data: http://dx.doi.org/10.17632/82dnstrd93.1 
2 See https://www.atmonormandie.fr/ 
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Value of the Data 

• This dataset enables air quality monitoring organization to calibrate a set of NO 2 low-cost

sensors and understand the variables involved in the bias of measurements. 

• As such, this dataset can help researchers in developing new models to calibrate low-

cost sensors. This is as helpful for the scientific community as for citizens or companies

interested by these technologies for their own use or for sensor-makers who usually lack

in-situ measurements. 

• By the design of the experiment, this dataset enables researchers to study the influence of

moving or shutting down a sensor for a short or long period of time over its calibration; but

also study its possible temporal drift. 

• This dataset can be used to quantify the variability between low-cost sensors from the same

models. 

• This dataset can be used to study the assets of having multiple collocated NO 2 sensors. 

1. Objective 

As part of TIGA’s call for projects, the Rouen Normandy metropolis presented a research plan

to improve mobility and transportation around the city center. The project includes the idea

of creating a more fluid transport network, but also of reducing the environmental impact of

the current and upcoming network. As such, monitoring NO 2 emissions on major roads became

necessary – since they are mainly caused by traffic, as it was confirmed again by the EEA 

3 in

2022 (see [4] ). 

Fifty low-cost sensors, which are more affordable with respect to reference monitoring de-

vices (up to a hundred times less expensive) are to be installed in Rouen and its surroundings

by ATMO Normandie, the Air Quality Monitoring Agency of Normandy. However, prior to being

deployed in real-world settings, those sensors must be calibrated thanks to more reliable mon-

itoring stations (see [5] for the need of in-situ calibration). Our dataset includes the measure-

ments made by a subset of sensors and their associated monitoring devices over a period of five

months, corresponding to high NO 2 concentrations. This dataset is supposed to help calibrating

low-cost sensors in Rouen, so that ATMO Normandie can make use of more NO 2 measurement

sites and improve air quality cartography. 

2. Data Description 

The dataset is divided into 9 CSV files (one per sensor) named ‘ASExx.csv’ where ‘xx’ denotes

the sensor’s id. (‘xx’ goes from 4 to 13, excluding 9). Each file is organized as follows, having for

columns: 

• date: the timestamp in UTC, in the format yyyy-mm-dd HH:MM where dd denotes the day,

mm the month, yyyy the year, HH the hour and MM the minutes. 

• ASE_NO2: the hourly averaged concentration of NO 2 measured by the sensor in μV. 

• ASE_NO: the hourly averaged concentration of NO in μV. 

• ASE_CO: the hourly averaged concentration of CO in μV. 

• ASE_Ox: the hourly averaged concentration of Ox in μV. 

• ASE_T: the hourly averaged temperature inside the node in °C. 

• ASE_HR: the hourly averaged relative humidity inside the node in %. 

• ASE_PA: the hourly averaged atmospheric pressure in hPa. 

• SUD3_NO2: the hourly averaged concentration of NO 2 measured by the reference monitor

SUD3 in μg/m 

3 . 
3 European Environment Agency (see https://www.eea.europa.eu/en ) 

https://www.eea.europa.eu/en
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Table 1 

Localization of the sensors depending on the time period and number of observations gathered. 

Low-cost sensor Localization Period 

Number of 

observations 

ASE4 SUD3 

QDP 

2021-10-21 to 2021-12-01 

2021-12-13 to 2022-03-25 

983 

2445 

ASE5 SUD3 

QDP 

2021-10-20 to 2022-01-24 

2022-01-24 to 2022-03-25 

2302 

1436 

ASE6 SUD3 2021-10-21 to 2022-03-25 3720 

ASE7 QDP 

SUD3 

2021-10-26 to 2022-01-24 

2022-01-24 to 2022-03-25 

2161 

1438 

ASE8 Shut down 4 , QDP 2021-10-25 to 2022-03-04 

2022-03-04 to 2022-03-25 

3117 

239 

ASE10 SUD3 

QDP 

SUD3 

2021-10-20 to 2021-12-01 

2021-12-01 to 2022-01-24 

2022-03-14 to 2022-03-25 

1008 

1291 

1437 

ASE11 QDP 2021-12-16 to 2022-03-04 1871 

ASE12 QDP 

SUD3 

2021-10-25 to 2021-12-01 

2021-12-13 to 2022-03-25 

883 

2447 

ASE13 QDP 

SUD3 

QDP 

2021-11-05 to 2021-12-01 

2021-12-02 to 2022-01-24 

2022-01-24 to 2022-03-25 

626 

1269 

932 
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• SUD3_NO: the hourly averaged concentration of NO measured by the reference monitor SUD3

in μg/m 

3 . 

• QDP_NO: the hourly averaged concentration of NO measured by the reference monitor QDP

in μg/m 

3 . 

• QDP_NO2: the hourly averaged concentration of NO 2 measured by the reference monitor QDP

in μg/m 

3 . 

• QDP_CO: the hourly averaged concentration of CO measured by the reference monitor QDP

in μg/m 

3 . 

• location: Either QDP or SUD3, the place where the node was located at the time of the mea-

surements. 

Each row of a file represents an observation of the pollutants, averaged over the last hour

excepts for the date and location). Each missing measurements is represented by a ‘NA’ (Not

vailable). 

Table 1 lists the main information to know for each node, that is where they were located, at

hich time, and how many observations it represents. The sum of the number of rows of each

le leads up to a total of 29,605 observations. 

As it can be noticed from Table 1 , sensors ASE6 and ASE11 were never moved from their first

ocalization, one at each monitoring station. Sensor ASE8 wasn’t moved neither, but was shortly

hut down on purpose to give this situation coverage. This lasted a few seconds. Sensors ASE4,

SE5, ASE7 and ASE12 were placed at a monitoring station during a first period prior to being

oved to the other one. Eventually, sensor ASE10 was installed at the QDP monitor, then moved

o the SUD3 one, and brought back at QDP. Another two-ways moving scenario was applied to

ensor ASE13, which was at first installed at SUD3. 

It should be noted that there are at least 3 days of missing observations from sensor ASE6.

his didn’t occur on purpose, and it is likely that the device was turned off during this period,

hus giving an example of an extended shutdown. 
4 The sensor ASE8 has been shut down at 10am, leading to NA values on the 3117 th observation (2022-03-04 10:00). 
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Fig. 1 shows the scatter plots of monitoring station measurements against sensor measure-

ments for two given sensors. This gives an example of the difference in behavior from one sensor

to another. Fig. 2 illustrates how covariates from our dataset is an added-value; in this case for

fitting a multiple linear regression model. The model used was estimated with 469 observations.

Fig. 1. Scatter plots of measurements from reference stations against co-located low-cost sensors. a) Monitoring station

SUD3 v. Sensor ASE6 (2021-10-21 to 2022-03-25) b) Monitoring station SUD3 v. Sensor ASE10 (2021-10-20 to 2021-12-01

and 2022-03-14 to 2022-03-25) or QDP v. ASE10 (2021-12-01 to 2022-01-24). 

Fig. 2. Scatter plots of actual against forecasted NO 2 measurements by a) a simple linear regression and b) a multiple

linear regression model making use of other measurements given by the sensor ASE6. 
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. Experimental Design, Materials and Methods 

Sensors have been installed and monitored by ATMO Normandie, which is the organization

wning the high-quality devices. They have been located at the QDP and SUD3 stations, which

re used to evaluate NOx concentration in Rouen (see Fig. 3 ). 

Fig. 3. Location of stations QDP and SUD3 over a close view of Rouen. Main roads are shown in red and orange. 

The dataset includes measurements made by the first 9 Alphasense Chemical Sensors in

irSensEUR host that were installed in the city. Those measurements were taken as part of the

n-situ calibration phase, since: 1) it is recommended to calibrate low-cost sensors in-situ be-

ause of the change in environment in contrast with the lab in which they were made (see for

xample [5] ) 2) the measurements made by the AirSensEUR are acquired in μV and not μg/m 

3

hich is the SI base unit. 

ATMO Normandie manages multiple monitoring stations in Rouen. The SUD3 and QDP ones

model HORIBA APNA 370, making use of chemiluminescence technology) were chosen as ref-

rence because they are considered as traffic station while the other ones measure background

oncentrations. Since this experimentation focuses on NOx, it is of the most importance to cali-

rate the sensors near roads, where NOx concentrations are higher. 

The QDP site is located at 1 °05E and 49 °26N on the quay boarding the Seine River. This quay

s one of the most taken by cars in Rouen. On the other hand, the SUD3 station is placed near a

ational road leading to the highway, at 1 °04E and 49 °26N. 

Reference monitors measure NO and NO 2 in μg/m 

3 . The QDP monitor also provides CO mea-

urements in μg/m 

3 . On the other hand, each sensor node is equipped to measure NO, NO 2 , CO,

x (in μV), temperature inside the node (in Celsius degree), relative humidity in %, and atmo-

pheric pressure in hPa. 

Each sensor sends its measurements at a frequency of 100 Hz to the manufacturer, as in-

icated in [3] . Those measurements are then averaged on every minute and send to a cloud

latform. On the other hand, reference measurements are available every 15 minutes. For those

wo networks, measurements were averaged hourly, since this is the norm for broadcasting such

ata. 
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This experimentation lasted from October 10, 2021 to March 25, 2022. Over this period,

29,605 observations were collected from low-cost sensors. 

The choice of sensor position and duration at each site (shown in Table 1 ) was motivated

by multiple objectives. Firstly, our main goal was to calibrate each sensor by means of a model

which should provide a NO 2 measurement in μg/m 

3 . Then, each model was to be tested against

another monitoring station, so as to evaluate robustness of the calibration after a change in envi-

ronment. In this aim, some sensors were also moved a second time to make new measurements

on the site they were calibrated. Secondly, two sensors were shutdown: one for a few seconds,

and the other for a few days. The objective was to test how a sensor could behave after being

stopped or fixed, and how it impacts the efficiency of calibration models. However, two sen-

sors were never moved from their original location, making it possible to study the existence

of a temporal drift. Eventually, co-locating several sensors had for goal to evaluate inter-sensor

variability under different environments (the two sites) and different time periods. 
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