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The Aerosense project

Project goal: develop a first ever MEMS-based surface 

pressure and acoustic smart measurement system that is 

thin, non-intrusive, robust, modular, low power and self-

sustaining, wirelessly transmitting, easy to install and 

cost-effective for wind turbines. 
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1. Installation

Processor

and IMU

solar cell

40 x absolute 

pressure sensors

• Simple installation process (~2h) with no

damage on the blade

• Automatic measurement and data storage

on a cloud

• Cheap barometers

• Accuracy: 100 Pa by default. 

• 10 Pa after thorough calibration.

• IMU: accelerometer and gyrometer

• Photogrammetry

Test on a 6kW wind turbine
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Challenge For a 5MW wind turbine

What we measure Name Order of magnitude Ratio with dynamic pressure

Dynamic pressure 𝑃𝑑𝑦𝑛 2’000 [200 – 7’000] Pa 1

Atmospheric pressure 𝑃𝑎𝑡𝑚 100’000 Pa 50

Daily atmospheric

pressure variations
∆𝑃𝑎𝑡𝑚 5’000 Pa 2.5

Pressure drift of

barometers
∆𝑃𝑑𝑟𝑖𝑓𝑡 100 Pa/year 0.05

Height variation
∆𝑃ℎ𝑒𝑖𝑔ℎ𝑡 800 Pa 0.4

Acceleration influence 𝐾𝑎𝑐𝑐 20 Pa 0.01
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Challenge

Example on a 6kW wind turbine

• blade length: 6m

• hub height: 18m

• max rotational speed: 1Hz
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Goal

How to move from

low-cost pressure

sensors…

… to accurate

pressure

distribution on a 

wind turbine

blade?
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Process

1. Installation 2. Zeroing
3. Hydrostatic

pressure
4. Accelerations

5. Accurate
pressure

measurements

4.a Sensor 
position

3.a Blade 
orientation

Accelerometer and gyrometer process

5.a Blade shape

Photogrammetry process

Absolute pressure corrections
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2. Zeroing correction

• Find sessions with little wind 

and no rotations from our

database

• Relative correction of :

• Atmospheric pressure

• Pressure drift

• Relative difference between

sensors
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3. Hydrostatic pressure correction

• Process of IMU data (accelerometer + 

gyrometer) independent of barometers

• ∆𝑃ℎ𝑒𝑖𝑔ℎ𝑡 ≈ 100Pa (2 𝑃𝑑𝑦𝑛)

• Change frame of reference: rotational

plane

• Calculation of pitch and deflection

angles

• Dissociate centrifugal force and gravity

direction→ azimuth position
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3. Hydrostatic pressure correction

• So far:

𝑃𝑖 = 𝑃𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑,𝑖 − 𝑃𝑟𝑒𝑓,𝑖 − ∆𝑃ℎ𝑒𝑖𝑔ℎ𝑡
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4. Acceleration corrections

• Weight of the membrane influenced by acceleration

• Centrifugal acceleration usually not normal to membrane.

• But accelerations and vibrations affecting the measurements.

• How to know position and direction of the sensors relative to accelerations?

Protective

gel

Vacuum

Membrane with

Wheatstone bridge

Fsens

Absolute piezoresistive pressure

sensor principle
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4.a Sensor position and blade shape

• Photogrammetry process when installing the sensors

• Accuracy on the 6kW wind turbine: ~1mm
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5. Accurate pressure measurements
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Conclusions

Absolute pressure measurements comprise:

• Dynamic pressure 𝑃dyn

• Atmospheric pressure 𝑃𝑎𝑡𝑚 (50 𝑃dyn) 

• Daily atmospheric pressure variation: ∆𝑃𝑎𝑡𝑚 (2.5 𝑃dyn) 

• Pressure drift of the barometers ∆𝑃𝑑𝑟𝑖𝑓𝑡 (0.05 𝑃dyn) 

• Height variation: ∆𝑃ℎ𝑒𝑖𝑔ℎ𝑡 (0.4 𝑃dyn) 

• Acceleration of the membrane ≈ 𝐾𝑎𝑐𝑐 (0.01 𝑃dyn) 

Relative zero pressure

using session with no wind

Could be neglected? 

(𝑂 𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 )

Using IMU data
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Thank you

julien.deparday@ost.ch

Find out more here:

https://aerosense.ai

https./aerosense.ai

