
INTRODUCTION
Unmanned Aerial Vehicles (UAVs) have proven to be useful tools for collecting atmospheric 

data, including temperature, humidity, and wind velocity. However, much of the existing 

atmospheric research in this field involves fixed-wing UAVs. Multi-rotor UAVs are more 

advantageous when compared with their fixed-wing counterparts due to their high 

controllability and maneuverability, along with vertical take-off and landing capability.

We collect wind data in the lower atmosphere using two methods with different multi-rotor 

platforms. In one method, we modify a traditional sonic anemometer to be mounted on top of 

a hexarotor UAV. The other method employs a hovering quadrotor UAV with no traditional 

wind-sensing equipment; instead, we use the inertial data from the flight controller to 

estimate the wind velocity.
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Accurate wind velocity data can be gathered with a multirotor UAV using both direct 

measurements and indirect estimation.

Once a coefficient for a particular UAV has been calculated, the UAV can be used without 

further calibration to estimate wind velocity with variability similar to that present in 

traditional sonic anemometers.

With the UAV-mounted anemometer, proper North alignment of the tower is crucial for an 

accurate direction estimate. Steady alignment can be difficult to maintain in gusty conditions.

– Hexarotor UAV

– 15 minute flight time

– ArduCopter flight controller 

– Designed and constructed at 

University of Virginia

Specifications:

– 550 mm diameter frame

– Carbon fiber propellers

– 6 360 KV brushless motors

– External GPS unit

– Sonic anemometer

– Temperature/Humidity sensor

– Radiosonde

– Air quality sensor package

– Datalogger/Microprocessor

– GoPro video camera

– Quadrotor UAV

– 15 minute flight time

– 10 m/s maximum velocity

– ArduCopter flight controller

– Commercially available

Data Collection
– True wind velocity measured by triangulated 

sonic anemometers on 10 meter towers.

– Flight pattern: 10 minute hover at a height of 

10 meters, centered between towers.

Wind Estimation
– Data from three test flights is used to 

empirically derive    via linear regression.

– With the constant determined, in-flight angle 

data from a fourth flight was used to estimate 

wind velocity. 

– Estimation of wind speed and direction are 

compared to values recorded by the three 

anemometers during the same time span.

We start with a balance of gravitational, thrust and drag forces when the quadrotor is in a 

perfect hover. When several of the terms are simplified, we derive a relationship between 

wind velocity and copter tilt angle:

where    is a constant that can be determined empirically. The tilt angle is a combination of 

the quadrotor’s roll and pitch angles.

RESULTS

Estimations using Flight 3 as the independent flight. For estimations of both wind speed and direction, the variability 

between the estimation and the mean tower values is on the same order as the variability between the individual towers. 

The shading above represents the minimum and maximum values recorded by the three towers at a given timestamp.

Linear regression to determine   using data 

from Flights 1, 2, and 4.

Mean absolute deviation (MAD) and RMSE values for each 

flight. Estimations and towers are compared to mean 

values of wind speed and direction over the time series.

UAV-MOUNTED ANEMOMETER

CONCLUSIONS 

Outfit hexarotor with additional meteorological sensors to use as a platform for vertical 

profiling and air-quality measurements.

Use estimation method to obtain wind measurements where a tower installation is not 

feasible due to either highly complex terrain or rapidly-developing severe weather events.

Modify estimation algorithm to achieve accuracy when UAV is moving laterally – it may then 

be possible to use the technique on a moving platform (i.e. a ship). 

Comparison of the wind speed measurements generally shows good agreement, but unsteady flight conditions can result 

in apparent gusts that may not have actually occurred (e.g. 180-220 s). A directional misalignment of the mounted tower as 

the UAV is settling into its hover position has a large effect on the direction measurements (e.g. 25-200 s).

Part of the construction of the hexarotor UAV included a mast upon which the anemometer 

was mounted. The appropriate length of the mast was determined by propeller theory so that 

the rotor wash has a negligible effect on the anemometer measurements. To test the 

measurements, the UAV hovered next to one of the tower-mounted anemometers.


