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We used a drone to simulate 46 
flight routes under different 
scenarios of speed,  straightness  
and bearing.  

For each radar track, we calculated the 
following parameters: ground speed, 
straightness, bearing and the projected 
position of the track on the XY plane (Fig.2).  

Marine Surveillance X-band radars are 
used for detecting birds in risk assessment 
studies of possible collision with 
anthropogenic infrastructures (power lines, 
wind farms).  
 

Calibration of the radar equipment is an 
important step to produce reliable data. 
Nevertheless, the methods used so far 
relied on the bearing of distant landmarks 
to adjust the radar orientation.  

We compared these with the same 
parameters recorded by the built-in GPS of 
the aerial vehicle, using non-parametric 
tests for paired samples and circular 
statistics tests for comparing bearing (Fig.3).  

We additionally performed 
regression analyses with 
curve fit estimation to 
identify possible factors 
driving any pattern in the 
differences of the two 
samples, in order to identify 
potential correction factors 
for radar calibration (Fig.4).  

Using a double-blind approach, we tracked 
each flight route performed by the drone 
using the radar system and the software 
Hypatia-trackRadar.  
This application allows the radar operator to 
manually track radar targets directly on the 
radar screen. 

During Autumn 2016, we used an 
unmanned aerial vehicle to 
calibrate a Marine Surveillance 
radar with a horizontal oriented 
antenna (Fig.1).  

Fig.1 – Horizontal X-band Marine radar at the 
Strait of Messina (Italy), Autumn 2016. 

MAIN RESULTS 
Drone calibration allowed to detect small scale distortions in particular for: 
 

1. The estimated position (centroid of the track), affected by the radar distance (when < 500 m). 
2. The estimated speed (Wilcoxon signed-rank test P < 0.001), increasing with the drone speed. 
 

No differences in estimeted straightness and bearing was encountered, and overall, the study confirmed 
that the trajectories computed by the software Hypatia-trackRadar system are highly precise. 
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Fig.4 – Possible factors affecting the difference 
between the GPS and Hypatia tracks:  
A) Effect of the drone speed on the ground speed 
difference; B) Effect of the distance from the radar on 
the difference between the tracks centroids. 
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Fig.3 – Comparison between the 
parameters of the Hypatia and 
GPS tracks: A) Ground speed; B) 
Straightness; C) Bearing. 

Fig.1 – Drone tracks (GPS) and radar tracks 
(Hypatia) in a GIS environment. 


