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1. Motivation- Campaign Overview

• Due to the location, OWPL have 
taken a responsible, 
comprehensive approach to data

• 4 measurement locations
• 2 onsite – positioned SW and NE in 

zone
• GBL reference onshore – gradient
• Dual-Scanning on Orkney –

offshore TI and gradient @7km



1. Motivation

• Scanning Lidar extremely 
powerful measurement tool

• Can answer multiple use-cases
• In this case we are particularly 

interested in Turbulence
• Accurate Turbulence Intensity 

assessment is a major factor 
when looking to reduce LCOE



1. Motivation

Standard Approach:
I. Install system
II. Level and check system output
III. Identify hard targets….
Why?
To ensure positional accuracy  or 
you know where the lidar is 
pointing
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1. Motivation - Setup

1. Establish Hard targets on site
2. Acquire elevation and azimuth angle offsets 

using traditional methods (theodolite & 
CNR mapping)

3. Establish difference between reference 
measurement and SL readings

4. Programme in scan pattern with calculated 
offsets

5. Periodically (daily automated)check for 
alignment drift



1. Motivation - Setup

Then we got this…

What is that?



2 Method - Setup

1. Systematic comparison of classical method – manufacturer & install
2. Based on GLOBE and NEDO documentation – Investigate Drone 

based methods
3. Repeat method in Germany on a different system using a similar 

Drone setup
4. Work out what’s going on…….



2. Method - Classical



2. Method -
Classical

OEM Blue
Install Green

Error estimate included



2. Method -
Classical

OEM Blue
Install Green
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When targets
are too close



2. Method Uncertainty process

Sou rce Un ce r t a in t y De fin it ion Va lu e

Lidar
𝛿𝛿𝑆𝑆𝑆𝑆−𝑝𝑝𝑝𝑝𝑝𝑝 scan  head  m ovem ent (p itch /ro ll) ±0.02°

𝛿𝛿𝑆𝑆𝑆𝑆−𝑒𝑒𝑒𝑒𝑒𝑒 Drone  exten t from  CNR m apping ±0.05°

Theo
𝛿𝛿𝑅𝑅𝑒𝑒𝑅𝑅−𝑎𝑎𝑎𝑎𝑎𝑎 Instrum ent accuracy ±0.0014°

𝛿𝛿𝑅𝑅𝑒𝑒𝑅𝑅−𝑝𝑝𝑝𝑝𝑝𝑝
Uncerta in ty due  to  scan  head  – theodolite  he igh t 

d iffe rence ±0.01°

Curve  fit 𝛿𝛿𝐶𝐶𝐶𝐶 Uncerta in ty due  to  curve  fit on  poin ts

Total uncertainty:

𝛿𝛿 = 𝛿𝛿𝑆𝑆𝑆𝑆−𝑝𝑝𝑝𝑝𝑝𝑝2 + 𝛿𝛿𝑅𝑅𝑒𝑒𝑅𝑅−𝑎𝑎𝑎𝑎𝑎𝑎2 + 𝛿𝛿𝑅𝑅𝑒𝑒𝑅𝑅−𝑝𝑝𝑝𝑝𝑝𝑝2 + 𝛿𝛿𝐶𝐶𝐶𝐶2

𝛿𝛿 = ±0.06° classica l



2. Method -
Classical

OEM Blue
Install Green

Blue and green
Reasonably close



2. Method –
Classical –
Daily check

Daily check gives confidence



So what about the drone
Easy right?



Target acquisition method definition

Two methods will be used and compared
1. Method 1: Drone acquisition (DA): The beam position co-ordinates 

and elevation will be calculated at specified ranges from SL1. The 
drone will be flown to that position and the SL CNR response 
checked. If there is no CNR spike, the Scanner will be moved till the 
drone is acquired. The GPS location and height of the drone will be 
recorded.

2. Method 2: Beam acquisition of drone (BA): The drone will be flown 
to a fixed position. The SL will be operated and the CNR map 
checked to acquire the drone. Once a position is defined the 
elevation and azimuth angle will be recorded.



Test setup
• 2-day test in Orkney

Day 2



2. Method -
Drone

Drone results
Clear offset 
But encouraging



Uncertainties

Total uncertainty:

𝛿𝛿 = 𝛿𝛿𝑆𝑆𝑆𝑆−𝑝𝑝𝑝𝑝𝑝𝑝2 + 𝛿𝛿𝑆𝑆𝑆𝑆−𝑒𝑒𝑒𝑒𝑒𝑒2 + 𝛿𝛿𝑅𝑅𝑒𝑒𝑅𝑅−𝑎𝑎𝑎𝑎𝑎𝑎2 + 𝛿𝛿𝑅𝑅𝑒𝑒𝑅𝑅−𝑝𝑝𝑝𝑝𝑝𝑝2 + 𝛿𝛿𝐻𝐻𝐻𝐻−𝑝𝑝𝑝𝑝𝑝𝑝2 + 𝛿𝛿𝐶𝐶𝐶𝐶2

𝜹𝜹 = ±𝟎𝟎.𝟏𝟏𝟏𝟏𝟏

𝛿𝛿 = ±0.06° withou t d rone  positiona l uncerta in ty 

Sou rce Un ce r t a in t y De fin it ion Va lu e

Lidar
𝛿𝛿𝑆𝑆𝑆𝑆−𝑝𝑝𝑝𝑝𝑝𝑝 scan  head  m ovem ent (p itch /ro ll) ±0.02°

𝛿𝛿𝑆𝑆𝑆𝑆−𝑒𝑒𝑒𝑒𝑒𝑒 Drone  exten t from  CNR m apping ±0.05°

Theo
𝛿𝛿𝑅𝑅𝑒𝑒𝑅𝑅−𝑎𝑎𝑎𝑎𝑎𝑎 Instrum ent accuracy ±0.0014°

𝛿𝛿𝑅𝑅𝑒𝑒𝑅𝑅−𝑝𝑝𝑝𝑝𝑝𝑝
Uncerta in ty due  to  scan  head  – theodolite  

he igh t d iffe rence ±0.01°

Drone 𝛿𝛿𝐻𝐻𝐻𝐻−𝑝𝑝𝑝𝑝𝑝𝑝 Drone  positiona l unce rta in ty ±0.17°?

Curve  fit 𝛿𝛿𝐶𝐶𝐶𝐶 Curve  fit on  poin ts

+/- 1.5m  m ovem ent



Factors?

• Positional accuracy
• Positional stability
• Weather conditions
• Pitch and roll factors
• Pixel picking



Pixel picking example

At longer range – resolution means location is clear At closer range – harder to define drone centre



Mean while in Germany



Method 2 : Results - Germany



Method 2: Results - Germany



Procedure?

1. Establish short range hard target test to align reference frames 
between SL, Drone and Theodolite
1. Datum and orientation

2. Use Drone acquisition method to establish offsets
3. At long range re-acquire drone
4. Calculate long range hard target using offsets and perform beam 

acquisition
5. Reset SL and set a beam position use beam acquisition to confirm



Conclusions

• There is no clear advantage to drone HTT versus classical
• Weather conditions were very challenging
• Uncertainty is low for classical and needs improvement for Drone 

based to be equivalent
• A formal procedure is clearly needed
• Standard practice  shows repeatable results with low uncertainty
However
• Drones clearly show promise and are the only solution for far offshore 

application



Next steps

1. Revisit uncertainty 
evaluation – apples with 
apples check

2. Develop machine learning 
process for pixel selection 
(in progress)

3. Rerun HTT using updated 
method

4. Rerun HTT at sea using boat 
and compensated RTK 
method



With thanks to OWPL and West of 
Orkney & Partners



2. Method – Drone - Challenges
• Wind speeds ~10m /s a t 10m  (gusts like ly h igher) - near the  lim it for the  d rone
• Note  changes in  p itch /ro ll as scan  head  m oves towards ta rge t d irection  

Scan head movement
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