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An Overview of Lidar-Assisted Control

Motivation
I wind is changing over space and time
I conventional control reacts after impact
I lidar technology provides wind preview
I better control performance is expected

Main questions today
I How can we obtain useful information for controls from lidar systems? → Part I
I How can these signals be used to improve wind turbine control? → Part II
I What are practical considerations when implementing lidar-assisted control in the field? → Part III
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Overview

Yaw control
I lidar is replacing conventional wind direction sensor
I signal required: inflow angle
I no big changes on control system required

Baseline pitch and torque control
I lidar allows to be proactive instead of reacting
I signal required: rotor-effective wind speed
I integration into control system necessary

Individual pitch or flap control
I lidar allows to be proactive instead of reacting
I signals required: shears or blade-effective wind speeds
I integration into existing/new control system
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Collective Pitch Feedforward Controller Design

JΩ̇ = Ma( θ ,Ω,v0)−MG
!= 0

θFF = θss(v0)
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Control in full load operation
I pitch controller maintains rated rotor speed
I torque controller maintains rated power

Collective pitch feedforward [1]
I pitch follows static curve θss to cancel out

effect in aerodynamics
I use filter to uncorrelated frequencies [2]
I apply just before wind hits the rotor

Advantages
I simple update to conventional FB
I works over entire full load
I little model information
I guaranteed stability
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Comparison with Perfect Wind Preview
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Environment
I full model + coherent wind
I EOG at 25 m/s

Results
I pitch θ follows wind speed v0
I constant generator torque MG
I no variation in rotor speed Ω
I also less tower top motion xT
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Comparison with Simulated Measurements

Power Spectral Density tower base bending
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Power Spectral Densities
I full model + turbulent wind
I reconstruction + adaptive filter
I reduction at low frequencies for

rotor speed + tower bending

Life time analysis
I beneficial for high wind speeds
I loads on tower reduced by ≈ 20%
I benefits for blade + shaft loads
I only marginal effect on power
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Chain of Benefit for Lidar-Assisted Control

•Adjusted lidar data 
processing

•Adding feedforward 
control

1. Improved 
speed regulation

•Retuning feedback 
control

•Adaptive filter

2. Load 
reduction •Uprating for higher 

AEP if possible

• life-time-extension 
for more production

3. More energy
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Systems Engineering

Systems Engineering
I used for multidisciplinary optimization
I challenge: set up optimization problem
I typically applied to aircraft design

Optimization Lidar-Assisted Control
I Which economic benefit can be

obtained by LAC? [3]
I IEA Task 32&37 Workshop
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Other Ideas
Direct Speed Control
I tracking of optimal λ at partial load can be improved [4]
I marginal energy gain, higher loads and power variation

Lidar-Assisted Yaw Control
I lidar-estimation of misalignment might be better as point measurement [5]
I some energy gain, depends on inhomogeneity and control strategy

Multivariable Feedforward Control
I collective pitch and generator torque feedforward [6]
I advantages between partial and full load and for extreme event management and grid services
I can be realized as Model Predictive Control (optimizing control action over time horizon) [7]

Lidar-Assisted Individual Pitch Control
I blade load reduction from shear or blade-effective wind speed measurement [8]
I shear estimation critical, advantage over feedback questionable
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Conclusion
Main questions
I How can these signals be used to improve wind turbine control?

Collective pitch feedforward most promising for load reduction!
I based on static pitch curve as add-on to conventional feedback
I a good preview quality is crucial to provide benefit
I load reduction and be transformed into more energy

Lidar as sensor for yaw control
I several studies report yaw offset detected by lidar, calibration helps
I lidar estimate wind direction over full rotor and thus might be a better sensor

Other ideas
I further ideas will contribute to benefits from LAC, especially for floating wind
I balance between preview quality and available actuators is important
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