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The latest improvements in infrared detectors enable the use of infrared thermography in many applications for outdoor temperature measurements through a low cost and easy to maintain solution. However, converting the radiative fluxes received by the infrared camera to the object of interests' apparent surface temperature is a challenging task. It requires us to consider the global radiative heat balance at the sensor level. Such a correction implies taking into account the background contributions (sky, sun, other elements on the scene), the involved transmissions (camera optics, atmosphere, participating media of the scene), etc. As a consequence, supplementary data are needed to achieve quantitative outdoor thermal monitoring. In this study, we propose a comparison of gathering those data from different observation scales: a local weather station, existing sensor networks such as Meteorological Aerodrome Report (METAR) and open source online satellite data from the European Copernicus program. Finally, the feasibility, advantages and limitations of the proposed methods are discussed.

Introduction

New opportunities have arisen from technological progresses made in uncooled infrared focal plane array sensors over the past few years, enabling remote and low-cost radiative flux measurements. In particular, such solutions bring new applications in civil engineering infrastructure monitoring and remote absolute temperature measurements. However, one challenge of outdoor structure monitoring is that it is inherently subject to environmental parameters and their variations. In fact, the underlying temperature estimation depends on many criterion such as camera calibration [START_REF] Saunders | Uncertainty Budgets for Calibration of Radiation Thermometers below the Silver Point[END_REF] Saunders, Fischer, Sadli, Battuello, Park, Yuan, Yoon, Li, van der Ham, Sakuma, Ishii, Ballico, Machin, Fox, Hollandt, Matveyev, Bloembergen, and Ugur], geometrical considerations, but also environmental conditions. Therefore, to achieve quantitative thermography, one must consider the global radiative heat balance at the sensor level and be able to estimate the different parameters of the equation. Then, the measurement correction to estimate the temperature in an outdoor context can be made and the parameters estimated by using on-site measurements, with a multi-sensors instrumentation. However, such a solution increases the instrumentation complexity and cost, the number of data to gather and store and, sometimes, it cannot be applicable at all on the experiment facility. Moreover, even with a multi-sensor instrumentation, data may be lacking due to various possible issues.

As a consequence, we propose to use data from other means to estimate those environmental parameters. In this study, we compare the gathering of data from different observations scales: a local weather station, existing sensor networks with Meteorological Aerodrome Report (METAR) data and open source online satellite data from the European Copernicus program. First, to understand the needs of gathering environmental data, we present the principles of infrared thermography in an outdoor and quantitative context. Then, we compare the data acquired from the different means and also the resulting temperature estimation from infrared images with thermocouples on site. Finally, conclusions and perspectives are discussed.

relies on the estimation of different environmental parameters such as, for instance, the environment temperature, the sun, atmosphere contribution and involved transmissions. Of course, the emissivity of the object also needs to be known or estimated, for which particular temperature and emissivity separation methods can be used [START_REF] Toullier | A Kriging-based Interacting Particle Kalman Filter for the Simultaneous Estimation of Temperature and Emissivity in Infra-Red Imaging[END_REF] Toullier, Dumoulin, and Mevel]. For comprehension and writing simplification, we derive a simplified heat balance with such quantities for a given pixel and given wavelength as

L total (T ) = [τ atm (L obj (T obj ) + (1 -ϵ obj )(L sky (T sky ) + L sun )) + (1 -τ atm )L atm ] (1)
Where τ atm is the atmospheric transmission, L obj , the real body radiation of the object at unknown temperature (T obj ) with an emissivity ϵ obj . L sky , L sun and L atm the other different radiatives contributions, from the sky, the sun and the atmosphere, respectively. Please note that we could also further consider the transmission and contribution from the optics of the camera, but those quantities are not of interest in the present study because we only focus on environmental quantities between the camera and target of interest. Based on Figure 1, L obj (T obj ) can be derived. Then, the standard RBF-function is used to obtain the temperature value, after a thermal calibration [START_REF] Fumihiro | Establishing a practical temperature standard by using a narrow-band radiation thermometer with a silicon detector[END_REF], [START_REF] Saunders | Uncertainty Budgets for Calibration of Radiation Thermometers below the Silver Point[END_REF] Saunders, Fischer, Sadli, Battuello, Park, Yuan, Yoon, Li, van der Ham, Sakuma, Ishii, Ballico, Machin, Fox, Hollandt, Matveyev, Bloembergen, and Ugur]. A sensitivity analysis can show that the effect of those parameters on the estimation of the temperature may not be neglected [Toullier(2019)] and, therefore, the parameters should be estimated, even roughly.

Environmental Parameters Estimation

To estimate the environmental parameters, we propose and compare three methods: local measurements, existing sensor networks with Meteorological Aerodrome Report (METAR) data and open source online satellite data from the European Copernicus program. Since some data may not be available from all the different sources, we also propose literature correlations or methods to be used to deduct those quantities.

Local Measurements

An instrumented road at our laboratory in Nantes, France with a local weather station, a pyranometer and pyrgeometer and an infrared camera is used. The road section has thermocouples on the ground from which the infrared temperature estimations with the different corrections can be compared.

Meteorological Aerodrome Report (METAR)

METAR is a normalized format to create weather reports, based on permanent weather observation stations or airports, that are generated periodically (usually once an hour). The methodology we propose is to download data from the nearest available METAR station.

Copernicus Climate Data Store (CDS)

The Climate Data Store (CDS) is part of the European program Copernicus aiming at collecting and providing edgecutting and updated continuous data on Earth's state. The CDS provides a single point access to many European datasets including observations, reanalysis and forecasts. For post-processing temperature computation, we propose to use the reanalysis dataset and particularly ERA5-land dataset [Copernicus Climate Change Service()].

Results

The results have been computed over 1 month (March 2016) for which we acquired full infrared and sensors data each minute on an instrumented road shown in Figure 2. Due to the involved infrared band (8 µm-12 µm), only the long-wave infrared contributions are considered. As a consequence, the sun contribution is neglected here in a first approach. 

Available Parameters and Derivations

For online data, the air temperature is usually straightforward to obtain since it is directly provided in the data sources. However, the sky temperature can be approximated from the air temperature by using literature correlations or models [START_REF] Adelard | Sky temperature modelisation and applications in building simulation[END_REF]. In this study, the sky temperature is deducted from the correlation proposed by P. Berdahl and R. Fromberg [Berdahl and Fromberg()].

Previous results showed that the sky irradiance and sun contribution could also be simulated by using simulation models [START_REF] Toullier | Study of Complementary Multi-Sensors Data Influence on Infrared Thermography Measurements for in-Situ Long-Term Monitoring[END_REF]. For on-site data, the sky temperature is obtained from a pyrgeometer while the air temperature is measured with a probe on the weather station. The relative humidity is given by METAR data and measured on-site with the weather station. For Copernicus though, it needs to be derived from the air temperature, the surface pressure and the dew point by using the August-Roche-Magnus formula [START_REF] Alduchov | Improved Magnus Form Approximation of Saturation Vapor Pressure[END_REF]]. The atmosphere transmission coefficient is also computed from a correlation, by using the sky temperature and the relative humidity.

Comparison of the Parameters Based on Their Source

Figures 2 and 3 show that the air temperature and relative humidity obtained with METAR data are quite accurate. This observation may not be repeatable due to the fact that the experimentation site is at a few kilometers of the actual station. However, METAR data have a poor sampling rate compared to the measurements. At the opposite end, Copernicus CDS provides fair results regarding the fact that those results are more reproducible and the data are easier to access and to process. Conversely, the sky temperature has more uncertainties, mainly due to the clear sky correlation used in this study. A better model or a simulation that takes into account a measure of the cloudiness would improve the result, and therefore the transmission one. 

Comparison of Temperature Estimation with On-Site Thermocouples

Finally, a comparison of the estimated temperature with the infrared camera and a thermocouple at ground has been performed and results are shown in Figure 4. Even if the thermocouple measurement cannot be considered as a ground truth, it is still a fair temperature reference. In this figure, it can be seen that on this period of interest, any consideration of environmental parameters from any provider will make the estimation closer to the thermocouple measure. In particular, on-site measurements provide, on average, the closest temperature estimation to the thermocouple. Please note that more investigations need to be made for particular weather conditions such as snow and rain for instance, which were not observed during this period. 

Conclusions

A comparison of computing environmental parameters from different data providers with local measurements from a test site have been conducted. It has been shown it is possible to use online meteorological data providers to obtain an estimation of the lacking parameters. Furthermore, the estimated temperature by infrared thermography by using the environmental parameters from those different providers has been compared to local thermocouples measurements.

The results indicate that considering and correcting the infrared measurements with environmental quantities helps in arriving closer to thermocouples values. However, in our dataset, it appeared that some local phenomenon, measured on site (clouds for instance), are quite difficult to retrieve in online data. Also, the geometry of the scene that would reflect on the object was not considered. As a consequence, future works should involve the calibration and the fusion of a numerical model of the facility with online data to further improve the temperature estimation and consider specific weather conditions.
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 1 Figure 1: Representation of the different contributions to the irradiance measured by an infrared camera, in an outdoor context.
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 2 Figure 2: Left: Visible image (top) and infrared image (bottom) of the test site. Right: Environmental parameters obtained from the three proposed sources: on-site measurements, Copernicus CDS and nearest METAR station.
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 3 Figure 3: Comparison of the measurements on-site with online data from Copernicus CDS and nearest METAR station, on the period of interest (see Figure 2).

Figure 4 :

 4 Figure 4: Comparison between infrared temperature estimation (solid) and the corresponding thermocouple at ground (dashed). Infrared temperature estimations are computed without and with different types of environmental corrections by using parameters from on-site measurements, METAR and Copernicus CDS (top). The absolute difference with the thermocouple is also represented (bottom-left) as well as the average on the period of interest (bottom-right).

Temperature Estimation from a Global Radiative Heat Balance at Sensor LevelAs mentioned earlier, in order to estimate the temperature from the irradiance measured by an infrared camera, it is necessary to consider the global radiative heat balance at the sensor level, represented in Figure1. Such balance