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Why are lidars so uncertain?

Why are lidars cups so uncertain?
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Summary

• Lidar calibrations against cup anemometers

– Have a high reference uncertainty

– Vary quite a bit (±1%)

• The high reference uncertainty is entirely due to the cup (calibration, 
classification and mounting)

• A lot of the variation is probably also due to the cup 

• Observation:

– Most of the lidar uncertainty ís actually due to the cup

• Remedy:

– Apply good metrology and modern technology to significantly reduce
cup anemometer (and thereby lidar) uncertainty.
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Lidar calibrations
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Lidar calibrations – Black and white

• A ‘black box‘ calibration makes a direct calibration between the horizontal
wind speed reported by the lidar and a reference cup anemometer wind
speed. 

– This tests both the lidar and the validity of the calibration site to 
achieve the homogeneity the lidar is assuming

• A ‘white box’ calibration determines the accuracy of the inputs to the 
lidar’s reconstruction algorithm – LOS speeds, ranges and angles. The 
uncertainty of the reconstructed horizontal speed can then be inferred.

– This is very useful when it is not really possible to find the necessary
homogeneity for the calibration.

4 2 June 2015

FACT: 
Lidars DO NOT measure horizontal wind speed directly
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Ground-based lidar – Black box
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Nacelle lidar – white box - geometry
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Nacelle lidar – white box – LOS speed
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More on this..
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Lidar uncertainty from the calibration

(per bin, according to Annex L)
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Ulidar = 𝑈𝑟𝑒𝑓
2 + ∆𝑉2 +

𝜎𝑙𝑖𝑑𝑎𝑟
2

𝑁
+ 𝜎𝑑𝑒𝑣
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Lidar uncertainty

Reference 
uncertainty

mean
deviation

”uncertainty” 
of mean in 
bin (?)

Standard 
deviation of 
the deviation

I am not convinced that these
terms are correct, but it 
doesn’t change the main
argument of this presentation. 



DTU Wind Energy, Technical University of Denmark

Lidar uncertainty from the calibration

- Typical sizes (m/s) at 10 m/s (standard uncertainty)
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Ulidar = 𝑈𝑟𝑒𝑓
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0.17

0.152

0.052

0.022

0.072

The reference 
cup contributes
most of the 
uncertainty.
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Where does the reference cup uncertainty
come from? (typical values for 10 m/s)
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𝑈𝑟𝑒𝑓 = 𝑈𝑐𝑎𝑙
2 + 𝑈𝑡𝑢𝑛𝑛𝑒𝑙

2 + 𝑈𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙
2 + 𝑈𝑚𝑜𝑢𝑛𝑡𝑖𝑛𝑔
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Cup uncertainty

Calibration
standard 
uncertainty

Spread of 
tunnels 
uncertainty

Classification
uncertainty

Mounting
uncertainty

0.025 m/s

0.058 m/s

0.076 m/s

0.11 m/s

0.15 m/s

Inconsistent!!!

Errors included as uncertainties!
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Summing up so far:

• Most of the lidar uncertainty comes from the cup

• Most of the cup uncertainty comes from

– Tunnel uncertainty

– Operational uncertainty

– Mounting uncertainty
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We believe that new technology and 
better metrology can considerably
reduce all 3 of these items! 
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The new technolgy is ?
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LIDAR!

More specifically, short range CW lidars 
(LIDICS) calibrated using the same principle
as LDA (rotating wheel).
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Lidar line-of-sight (LOS) speeds:

• Are inherently very accurate

• For short range, CW devices the radial speed can be traceably calibrated
to high accuracy
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The calibrated lidics can be used for

• Measuring more accurately in wind tunnels  

– This will hopefully nearly eliminate the ‘tunnel’ uncertainty

• Performing free-air calibrations

– Can corroborate the improved wind tunnel calibrations

• Performing free-air classification tests

– Will provide real cup sensitivity characteristics (T and ti) that can be
used to correct cups (maybe in real-time) and significantly reduce
the class (operational uncertainty)

• Measuring the flow distortion around a mast and cup combination

– Will provide robust corrections and thereby significantly reduce the 
mounting uncertainty
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Measuring in the free-air using 3 lidics
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3 lidic los speeds 
transformed to
(u, v, w)

Lidic 1

Lidic 2

Lidic 3

2
-1

0
 m

The uncertainty of (u, v, w) will
depend on:

• the los speed uncertainty
• the lidic geometry
• the range accuracy
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DTU is committed to reducing cup 
anemometer uncertainty

• It is part of our 4 year plan (reduction of cup anemometer
uncertainty by 1%)

• We are already seeking funding to achieve this

• Applies to sonics as well
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Conclusion

• Lidar uncertainty is dominated by the reference cup anemometer
uncertainty.

• Cup anemometer uncertainty can be improved by:

– Solving the tunnel blockage calibration issues

– Measuring and correcting for sensitivities instead of just including
them as uncertainties (Smartcups)

– Measuring and correcting for mounting effects, with much reduced
mounting uncertainty as a consequence. 

• We can use precision calibrated, short range, continuous wave lidars 
(LIDICS) to achieve this.

• These improvements will reduce cup anemometer, sonic and 
consequently lidar uncertainty
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Thanks and any questions?

mike@dtu.dk


