Kévin Filippini 
  
Julien Tissot 
  
Understanding Remote Sensor Calibration Uncertainties, The case of a Nacelle-mounted Pulsed LiDAR

come   L'archive ouverte pluridisciplinaire

To simplify, we can identify and regroup the different sources of uncertainties by answering the following questions:

 How accurate is the reference anemometer?

Nacelle-mounted Lidars are increasingly used for power performance verifications.

The IEC 61400-50-3 standard, to be published in 2020, will support the development of these practices with a clear and shared methodology, from calibration and installation of the sensor to uncertainty calculation and final reporting.

The advised method for calculating calibration uncertainties can seem hard to put into practice for most actors of the wind energy. The type of reconstruction algorithm will decide the method for calculating the propagation of uncertainties [3]. In the case of the WI PO 4Beams which reconstructs the wind with a model accounting for shear, the non-linearity of the equations used will require the use of the Monte Carlo Method.

Monte Carlo is a statistical simulation using a great number of random samplings as inputs. When applied to the propagation of uncertainties of a lidar, it consists in: This method is extremely powerful and flexible but is well known to be costly in term of processing time if implemented badly, e.g. using loops in the code.

However, with ingenious use of linear algebra with modern programming language, i.e. python, we were able to reach a total processing time below 1 second for 10 6 samples per RWS. In other words, the propagation of the uncertainties can be done in less than a second for one set of WFC.

This very high number of samples was specifically chosen in order to neglect additional uncertainty due to the MCM itself. Results and comparison to current practices

The table here shows the comparison of the expanded uncertainties (k=2) on the HWS (uHWS) per bin obtained with the MCM and the one as given by the third party certifier method.

Currently most of the certifiers use the following formula :

𝑢 𝐻𝑊𝑆 = σ 𝑖 4 𝑢 𝑅𝑊𝑆,𝑖
4cos(𝛼)cos(𝛽) Where α and β are the half opening horizontal and vertical angles of the WI PO scanning pattern. The final lidar uHWS calculated with the MCM are smaller or equal to the one given by the current method. 95% of all measurements are inside the interval defined as the "expanded uncertainties", i.e. the standard uncertainty multiplied by k = 2 that we give here. In addition to provide equivalent results than an analytical propagation of the uncertainty, the Monte Carlo Method has the unique advantage to be applicable to other WFC, such as Wind Direction and Shear. This method can give the dependence of the uncertainty to any variable on the wind field. For instance, in the graph below, we show the variation of the expanded uHWS in m.s -1 as a function of the HWS and the WD.

Uncertainties associated to lidar come from the calibration process itself.

MCM propagation for WI 4B can be implemented efficiently using uRWS from calibration as an input.

 Resulting uHWS are smaller when using this method.

 It can easily give uncertainties on multiple WFC, giving a better understanding of the lidar behavior. 

  a "White box" calibration, the Radial Wind Speed (RWS) measured by each of the lidar's beams are individually compared to a reference wind speed measured by a certified cup anemometer [1].



  Are both sensors measuring at the same location?  What is the statistical deviation of the RWS measured by WI PO? All of these sources are the added in quadrature [1] in compliance with GUM methodology [
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  It uses a numeric method to calculate the uncertainties on Wind Field Characteristics (WFC) reconstructed such as Horizontal Wind Speed (HWS) and Wind Direction (WD): the Monte Carlo Method (MCM). Our objective here is to present how to propagate them on the WFC with the MCM and what are its advantages. To do so we will use the case of Leosphere's Wind Iris PO (WI PO) nacelle-mounted Lidar calibration.
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