
Motor speed estimation and failure detection of 
a small UAV using density of maxima 

Key words: Unmanned aerial vehicle (UAV); Speed identification; 
Failure detection; Chaos 

Corresponding author: Alisson V. BRITO 
E-mail: alisson@ci.ufpb.br 
      ORCID: https://orcid.org/0000-0001-5215-443X 
 

Jefferson S. SOUZA, Moises C. BEZERRIL, Mateus A. SILVA, Frank C. VERAS, 
Abel LIMA-FILHO, Jorge Gabriel RAMOS, Alisson V. BRITO, 2021. Motor speed 
estimation and failure detection of small UAV using density of maxima. Frontiers 
of Information Technology & Electronic Engineering, 22(7):1002-1009.  
https://doi.org/10.1631/FITEE.2000149 

Front In
form

 Technol E
lectro

n Eng

mailto:alisson@ci.ufpb.br
https://orcid.org/0000-0001-5215-443X
https://doi.org/10.1631/FITEE.2000149


Motivation 

1. There have been advancements in unmanned aerial 
vehicle (UAV) applications and commercialization in 
regulation worldwide and in studies about safety and critical 
applications.  
2. Unexpected failures in brushless direct current (BLDC) 
motors can be catastrophic, causing financial and human 
losses. 
3. Fast and efficient solutions are necessary, demanding 
less computing effort. 
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Main idea 
1. Detect anomalous behaviors quantifying the chaos using 
density of maxima. 
2. Even small perturbations are detected and the motor 
speed can also be estimated. 
3. The technique is called signal analysis based on chaos 
using density of maxima (SAC-DM). 
4. It is necessary to count only the number of peaks in the 
signals from an accelerometer. Front In
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Method 

1. The density of maxima approach is based on cyclic 
equilibrium behavior. 
2. The SAC-DM technique computes the density of maxima 
to estimate the correlation coefficient. 
3. In periodic and chaotic systems, the density of peaks 
(maxima) reflects the chaotic behavior. 

Front In
form

 Technol E
lectro

n Eng



Major results 
Speed detection 
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Major results (Cont’d) 
Failure detection 
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Conclusions 
1. The result proves the possibility of applying the presented 
technique to estimate the speed of the motor using a 
computationally simple approach, counting only the density 
of peaks in the time domain, without any filtering. 

2. Accuracies of 82.75% on average and 100% in the best 
case were achieved for the tests with a small UAV, which 
demonstrates the efficiency of the proposed method.  

3. The algorithm used to detect failure is based only on 
testing whether a value is in a fixed range or not.  

4. Only one second was enough to achieve the successful 
accuracy of 82.75%. 
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