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Ø Both private and commercial usage of 
drones is increasing.

Ø Monitoring crop, forest, powerlines, 
fences, photography, surveillance and 
delivery etc.

Ø How can we make sure drones are 
not misused, intentionally or 
unintentionally?

Ø This paper explores the possibilities 
and limitations of designing and 
constructing an automatic multi-
sensor drone detection and tracking 
system building on state-of-the-art 
machine learning techniques. 

Problem formulation and Aim
Five workers – functions
Ø Fcam

• ELP 8 megapixel 180º fish-eye lens 
1024×768 

• Gaussian mixture model 
(foreground/background)

• Multi-object Kalman filter tracker
Ø Vcam

• CNN (YOLO v2)
• Sony HDR- CX405 video camera 

• Elgato Cam Link 4K frame grabber 
1280×720 

Ø IRcam
• CNN (YOLO v2)
• FLIR Breach PTQ-136 using the Boson 

320×256 pixels detector 
Ø Audio

• MFCC Features feed into LSTM
Ø ADS-B

• Antenna and a NooElec Nano 2+ Software 
Defined Radio receiver 

Solution
Ø We explored the possibility to design and build a 

multi-sensor drone detection system 
utilizing state-of-the-art machine learning techniques 
and sensor fusion,

Ø The system incorporates common video and 
audio sensors, and a thermal infrared camera,

Ø A fish-eye lens camera with a wider field-of-view 
is used to steer the sensors in any direction, 

Ø An ADS-B receiver allows to keep track of 
cooperative aircrafts in the surrounding airspace, 

Ø Results confirm that machine learning techniques 
can be applied to input data from infrared sensors, 
making them well suited for the drone detection 
task,

Ø The infrared detector achieves a F1-score 
of 0.76, showing similar performance as the 
visible video detector with a F1- score of 
0.78,

Ø The audio classifier achieves a F1-score of 
0.93,

Ø A multiclass dataset is published for other 
researchers to use and compare results with. 

https://github.com/DroneDetectionThesis/Drone-
detection-dataset

Conclusion
Evaluation individual sensors

precision, 
recall and 
F1-score 

2 x ((precision x recall) / 
(precision+recall))

CLOSE: 0 m – 15 px in IRcam
MEDIUM: 15 px-5 px in IRcam
DISTANT: 5 px- 1 px in Ircam

Results

https://github.com/DroneDetectionThesis/Drone-detection-dataset

