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Introduction
Aims of this work
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• Implementation of LIDAR simulation within the InflowWind 
module of OpenFAST.

• Interface with ServoDyn and ROSCO to allow for LIDAR-assisted 
control within OpenFAST and FAST.Farm.

• Engagement with NREL for the implementation into an official 
release and future collaboration.



• LIDAR simulation changes proposed to NREL via GitHub pull request.
• Changes were approved:

• The following additions are now present in the latest release of OpenFAST (v3.5.0).

• Work ongoing to implement LIDAR-assisted control within ROSCO.

Introduction
Integration of LIDAR simulation in OpenFAST and ROSCO
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Adapted from: A. Scholbrock, P. Fleming, D. Schlipf, A. Wright, K. Johnson, 
and N. Wang. LIDAR-enhanced wind turbine control: Past, present, and 
future. In 2016 American Control Conference (ACC), pages 1399–1406. IEEE, 
2016.

Introduction
FF control loop
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Simulation example
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LIDAR configuration 



Simulation example
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ROSCO input configuration 



Motions

Pulsed 
LIDAR

Results
LIDAR simulator
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Results
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Feedforward control for a 15-MW wind turbine 
using a spinner-mounted single-beam lidar
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How helpful can a single-beam lidar be for control?
• optimizes the lidar scanning configuration for optimum wind preview;
• evaluates the control benefits using optimized lidars in aero-elastic simulations.

Wei Fu1, Feng Guo2, David Schlipf2, Alfredo Peña1 (1DTU 2FUAS )

Spinner based Nacelle based 
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Optimization of lidar configuration (CW lidar)
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Results

The optimized single-beam lidar in the spinner gives a much better wind preview 
quality than the same lidar on the nacelle.
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Summary of control performances
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Results

Control benefits 
using the optimized 
spinner-based 
single-beam lidars 
(CW & pulsed) are 
similar to the 4-
beam nacelle lidar.



A data-driven approach to the design 

and implementation of retrofit lidar 

assisted control systems

Authors: Mark Pitter1, Chris Slinger1, Feng Guo2, 
David Schlipf2,3, Steffen Raach2 and Steven White1

1ZX Lidars, Ledbury, UK
2sowento, Stuttgart, Germany
3Wind Energy Technology Institute, Flensburg University of 
Applied Sciences, Flensburg, Germany
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Overview

• We report a successful and safe demonstration of load reduction using lidar assisted 
control (LAC) on an active stall turbine on a commercial wind farm*

• The project dimensions and commercial requirements were a test bed for concepts 
aimed at reducing the barriers to commercial LAC deployment

– Utilisation of a data-driven design approach

– Use of a simplified lidar prototype

• Baseline and lidar-assisted load measurements were aligned with design simulation 
predictions across a range of operational conditions.

• The prototype wind lidar was stable and flexible with performance matching or exceeding 
expectations

*This work is part of the ‘RELACs’ collaboration between RES, ZX Lidars and KK Wind Solution
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Project outline

The test turbine was part of an operational 
wind farm in NW Europe

• 1.3 MW, fixed speed, active-stall

• Hub height 68 m, rotor diameter 62 m

• Strain gauge package was installed and signal 
integrated into SCADA

The design target for LAC was to reduce 
fatigue loads on the tower and blades with 
minimal impact on AEP
• Load reduction can be used to extend wind 

turbine lifetime and hence reduce LCOE

Safety and verification were paramount 
throughout the design, test and 
implementation phases
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Simplified Low Order Wind (SLOW) turbine model 

• Reduced rotor and tower motion model
• Parameters from basic data (e.g. tower top mass, rotor radius) 
• Use of LM29 Blade designed for Stall-regulated turbines
• Aerodynamic properties with Qblades from NACA airfoils and public report
• Adjustment of pitch vector to fit to data

𝐽 ሶΩ = 𝑀a −𝑀G

𝑚 ሷ𝑥T + 𝑐 ሶ𝑥T + 𝑘𝑥T = 𝐹a

https://d-nb.info/1118369653/34

https://d-nb.info/1118369653/34
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Operation of Activation Block

• The plot illustrates the Activation Gain block

• FF gain fades out for active power below 10% and above 
80% of rated power and for (FB) pitch angles less than +1°

• Active stall blade dither is clearly visible

(The blue dots at low active power are from periods of small generator 
operation where LAC was disabled)
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Results

The LAC scheme was “toggle-tested” with a  50-minute interval to best match atmospheric and 
turbine operation state for “LAC on” and LAC “off” periods

Strain gauge data was processed to extract fore-aft tower base bending moments

The resulting data was inspected as spectra and processed with the rain flow algorithm to 
calculate Damage Equivalent Load (DEL)

An early result demonstrated 
qualitative agreement between 
model and measurements and 
that LAC was having a positive 

effect
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02/06/2023
Histogram of Tower Base Damage Equivalent Load

Over lapping histograms of DEL for each 1,000-

second period clearly illustrate the DEL reduction 

when LAC is applied

Provisionally estimated DEL reduction of 8.6% for 

wind speeds between 7 and 10 m/s
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18 April 2023

Assessment of measurement-data from nacelle-
based Lidar-devices regarding their usability for the 
estimation of turbulence intensity

Presentation for WESC Glasgow 2023

Jakob v. Eisenhart Rothe MSc. Project Engineer Lidar & Power Performance
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LOS TI from 4-beam pulsed Lidar
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Results
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• Underestimation from Lidar through whole 

sprectrum (more or less constant)

• Overall quite good correlation
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Black box comparison

• 𝑇𝐼𝑟𝑒𝑓 =
𝑈𝑆𝐴𝐻𝑊𝑆,10𝑚𝑖𝑛

𝜎𝐻𝑊𝑆10𝑚𝑖𝑛

• 𝑇𝐼𝑙𝑜𝑤 =
𝑇𝐼𝐿𝑂𝑆2+𝑇𝐼𝐿𝑂𝑆3

2

• Overestimation from lidar 
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LOS TI from Continuous Wave Lidar
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• 𝑅𝑊𝑆𝜗±1°,10𝑚𝑖𝑛 =
σ
𝑖=0
𝑛(10𝑚𝑖𝑛)

𝑅𝑊𝑆𝜗±1°,48.8𝐻𝑧

𝑛(10𝑚𝑖𝑛)

• 𝑇𝐼𝐶𝑊𝑙𝑖𝑑𝑎𝑟 =
𝜎𝑅𝑊𝑆𝜗±1°,10𝑚𝑖𝑛

𝑅𝑊𝑆𝜗±1°,10𝑚𝑖𝑛
[%]
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Results
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• overestimation from Lidar for lower TI

• smaller overestimation for higher TI
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Comparison of TI from North and South Mast
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• Mean TI is more or less equal

• High scatter through whole spectrum of TI

• WD filtered 195° to 275°
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