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Introduction — why calibrating nacelle lidars

Profiling nacelle lidars might be the future of power performance testing ([1]). By
avoiding the need to erect expensive met. masts (offshore, complex terrain), they
will participate in the global efforts to reduce cost of wind generated electricity.

A measurement has absolutely NO VALUE WITHOUT ITS UNCERTAINTY. Thus,
assessing measurement uncertainties of nacelle lidars is essential to developing
standard procedures for power curves.

Based on the traceable calibration results from two lidars, the Avent 5-beam
Demonstrator and the ZephIR Dual Mode, we present how to derive radial wind
speed uncertainties using the GUM (|2]) methodology and what are the main
challenges.

Radial Wind Speed calibration: principles & results

The RWS - or “white box” — calibration (see [3]) can be applied to all profiling
nacelle lidars. In this method, the algorithms’ input quantities are calibrated:

 the RWS (generic): the main part of the calibration.

 the beam localisation quantities, e.g. inclinometers (lidar specific)

* the geometry of the scanning pattern (lidar specific)

The uncertainty estimation of any reconstructed parameter Is theoretically
permitted by the white box approach.
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Practically, the 10-min averaged RWS measured by the lidar iIs compared to a
reference wind speed measurement projected onto the Line-Of-Sight (setup
below), both in the vertical (tilt) and horizontal (wind dir — LOS direction) planes.
The collection of data for one beam lasts ~3-6 weeks.
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The calibration relation, or transfer function, takes the forme of a simple forced
linear regression. These two figures show a high level of agreement between the
lidar RWS and reference projected wind speed (left.: 10-min, right. binned data) .
Typically, gains are < 1% away from the reference.
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The Guide to Uncertainty in Measurement method

The GUM Is a well-established method in metrology to express uncertainties In
measurements ([2]). It is an analytic method based on the law of propagation of
uncertainties. The steps are:

1) Define measurement model: y,,, = f (x4, X5, ..., X))
2) Propagate uncertainties:

2
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U, = . < (aLaZl - uxi) (for uncorrelated quantities)

3) Expand uncertainty with coverage factor k (k = 2 = 95% confidence)

In the RWS calibration, the measurement model Is: Ym = gain - Ref

where Ref = HWS - cos(tilt) - cos(Wind dir — LOS dir). The uncertainty on the gain
IS obtained through the regression statistics.

The reference itself is the object of a GUM uncertainty assessment exercise. Each
variable of Ref Is a source of uncertainty.

Uncertainty results — Cups are a limitation

Reference instruments
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Combined expanded RWS uncertainties
are within 2-3%, higher at low wind speed.
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The “tree” structure (fig. below) of the
B uncertainty assessment shows the
contributions of each source.
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The prevailing uncertainty source Is due to the cup anemometer, particularly
the wind tunnel calibration and operational uncertainties (i.e. due to cup sensitivity
to external parameters without correcting for them, e.g. Tl, T" , inflow angle). The
calibration process adds negligible components to the total RWS uncertainty.
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« How to derive the reference projected wind speed uncertainties?

« How to transfer it to the lidar RWS using the calibration results?
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