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Summary 
The paper presents some noise measurement results carried out aboard a small professional drone 
and related to the self-generated noise, as well as the results from the measurements collected 
during the flight by six simultaneous ground sound level meters. In addition, some investigations 
about possible signal ‘cleaning’ are discussed. 
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1. Introduction1 

The main idea behind the work is the evaluation of 
the noise generated by a drone, together with the 
investigation for a possible technique able to  
‘clean’  the aboard noise measurement for a 
possible use of the system for noise measurements, 
at least in a high noise environment. 

2. The drone 

For pursue the campaign of data, an UAV 
(unmanned aerial vehicle) has been deployed. The 
adopted drone is the DJI S900, which is 
specifically designed for professional use. It is 
composed by a retractable landing gear, vibration 
dampers, slightly angled arms and a minimalized 
gimbal, which allows for a clear 360-degree view 
from the camera. Moreover, a patented power 
distribution board, built-in high-speed ESCs and 
motor with high efficiency propellers ensure 
dynamic stability and maximized power efficiency. 
The DJI S900 is made with a series of strong 
engineered plastic components properly designed 
to maintain the drone breaking apart while in 
motion. The arms and the landing gear are made 
with carbon fiber materials which are light in 
weight but dense enough to avoid any crack. The 
DJI S900 is a strong overall performer in the air. 
                                                      

 

Indeed, it can weight until 9 kg on liftoff 
(depending on the payload and the battery), it can 
move at a speed up to 16 m/s, i.e. 58 km/h, it can 
carry about 4.9 kg of weight without any hindrance 
and it can operate at conditions from -10°C to 
40°C. 
In the following tables some specifications of the 
adopted UAV are explained: 
 

Table I. Frame 

Diagonal wheelbase [mm] 900 mm 
Frame arm length [mm] 358 mm 
Frame arm weight 
(with motor, ESC, propeller) 

316 g 

Center frame diameter [mm] 272 mm 
Center frame weight  1185 g 

 
Table II. Motor 

Stator size 41×14 mm 
KV 400 rpm/V 
Max power 500 W 
Weight (with cooling fan) 158 g 

 
Table III. ESC (Electronic Speed Control) 

Working current 40 A 
Working voltage 6S LiPo 
Signal frequency 30 ~ 50 Hz 
Drive PWM frequency 8 KHz 
Weight (with radiators) 35 g 
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Table: IV. Foldable propeller 

Foldable propeller 
Size 38 ×13 cm 
Weight 13 g 

 
Table: V. Flight parameters 

Takeoff weight 4.7 ~ 8.2 kg 
Total weight 3.3 kg 
Power battery LiPo 6S, 10 ~ 15Ah 
Max power consumption 3000 W 
Hovering power consump. 1000W @ 6.8kg  
Hovering time 18min @12Ah & 6.8kg 
Working temperature -10°C ~ 40°C 

 

3. The measurement setup 

 
In order to make the test, a specific setup including 
six simoultaneous ground measuring points and 
one in-flight measuring point was prepared. Figure 
1 illustrates the drone with the sound level meter 
fixed on it, whereas figure 2 shows the six ground 
measurement points, placed on the six vertices of a 
10-metre side regular hexagon. The height of the 
ground microphones was 4 meters. 

Figure 1. The drone with the aboard SLM. 

Figure 2. Ground measuring points 

 
Both on-fligth and ground measuring equipment  
acquired one 1/3 octave spectrum per second every  
100 ms. The aboard sound level meter also 
recorded a wave file in order to perform some  
post process of the collected signal. Two separate 
flight testing were performed, one with the 
microphone hanging one meter below the drone, 
and the second one at the same distance but with a 
simple aluminum back shield (diameter 100 mm), 
covered with 5 centimeters of absorbing material.     
  

4. Results 

4.1. Ground measurements 

Figure 3 illustrates the time histories recorded by  
the six ground sound level meters during one of 
the tests. The experiment consisted in five take-off 
procedures, and the results shown a high grade of 
repeatibility both in terms of levels and shapes of 
the curves. The distance between the drone and 
each microphone was 10.8 meters for ground 
measurements whereas it varied between 10.8 and 
14.1 meters for flight operations, because of the 
maximum drone height that was set to 10 meters). 

Figure 3: Ground measurements. 
 

Figure 4 shows the spectrogram recorded by the  
ground station 1. In the picture it is possible to 
identify the main component at 8 kHz and its 
second harmonic at 16 kHz when the drone was on 
the ground with motor active, as well as the 
components at 160 Hz, 315 Hz, 630 Hz, 3.15 kHz, 
10 kHz  when it was flying. 
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Figure 4: spectrogram for ground station 1 
 

Figure 5 shows the average spectrum of 
background noise, ground operation and in-flight 
operation.  
 

Figure 5: average spectra for station 1 
 
Figure 6 illustrates the drone during the flight, 
captured by a 8 microphone beamforming system 
(A-weigthed, 3dB range, top scale 63dBA). 

Figure 6: beamfoming view 
 

4.2. On board measurements 

Figure 7 shows the time history recorded 
aboard, with the two different configurations 
of the microphone: standard (red curve) and 
with back shield (green curve).  

Figure 7: aboard measurements 

Figure 8 and 9 illustrate the spectrogram for the 
above mentioned configurations. 

Figure 8: aboard measurement without shield 

Figure 9: aboard measurement with shield 

As expected, the shield was able to reduce the 
contribution of high frequencies, with also some 
smaller effects on the components at 160 Hz and 
315 Hz. 

Figure 10 shows the averaged spectra for the two 
configurations: standard (red curve) and with 
back shield (green curve). 
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Figure 10: spectrum comparison 

5. Post processing 

The main idea behind the post processing was to 
investigate the possibility to reduce the effect of 
the discrete components due to propellers by the 
implementation of some DSP tecnique. Thanks to 
the audio recording performed by the aboard 
sound level meter, two different approaches were 
investigated. Figure 11 shows the FFT spectrum of 
the ‘shielded’ configuration in the range from 0 to 
1600 Hz averaged over 10 seconds. 

  Figure 11: aboard FFT spectrum 

The figure shows a peak at 154 Hz with a series of 
harmonics, as already found in the 1/3 octave 
analysis represented in figure 10.  The peak at 154 
Hz is consistent with the specification of the 
system which are, as already written, 400 rpm per 
volt with 6 Li-Ion cells: in fact 400 rpm * 3.7 
V/cell * 6 cell / 60 rpm/Hz give a teoretical 
frequency of 148 Hz, not far from the measured 
one. 

Unfortunatly the propeller noise is not a narrow 
line even in the FFT spectrum, because of the 
continuous adjustment operated by the navigation 
system in order to mantain the desidered position 
against the possible presence of horizontal and/or 
vertical wind. Despite the above, some 
consideration can be done in any case . 

 

 

5.1. Frequencies masking 

A first possible approach to reduce the effect of  
the self-generated noise from the spectrum can be 
based on the masking of the propellers’ 
components. In this case, there was no  electrical 
information (i.e. rpm signal) about the propellers’ 
rpm, so the mask operation  can be performed just 
manually.  When the speed information is 
available in real time, the masking operation can 
be performed automatically even on very short 
time spectra (let’s say every 50 ms or less) and, in 
this case, it is possible that the components 
become more narrower. Of course, in case of wide 
components, the manual operation inevitably  
masks also some noise not related with the 
propellers, with a consequent under estimation of 
the noise and lose of information.  

Figure 12 shows the averaged spectrum after mask 
operations. 

Figure 12: mask of propellers’ frequencies 

After the masking operations the overall value 
between 0 and 1600 Hz, originally equal to 94.8 
dB, drops down to 92.7 dB, whereas the A-
weighted level, originally equal to 88.6 dBA drops 
down to 77.4 dBA.  

In any case it should be noted that the masked 
portion of the spectrum is too much relevant when 
compared to the original spectrum and, 
consequently, it is possible to conclude that with 
wide components the error can be quite high. 
Better results can be achieved with narrow 
components. 

5.2. Cepstrum and liftered spectrum 

A different approach can involve cepstrum 
analysis and lifterd spectrum calculation.  
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The Cepstrum funcion [1-3] is defined as: 

������ = ��	
��������� 

where ��	 is the inverse fourier transform and 
��� is the power spectrum of the signal that 
should be analyzed. Since the application of 
Fourier transformation to the spectrum of the 
signal is, in fact, equivalent to the identification of 
any periodicity that appears in the spectrum itself, 
it follows that one of the peculiarities of the 
Cepstrum function (the term Cepstrum comes 
from the anagram of the word ‘Spectrum’)  is 
related to its own capability to identify any 
periodic structures that appear in the signal of the 
logarithmic spectrum that had to be analyzed. The 
use of the log in the formula emphasizes the 
components. In other words the function is able to 
detect any periodicity in the original spectrum and, 
by a simple low pass filter implementation, 
followed by a new FFT calculation, it is pratically 
possible to remove  periodic components (liftered 
spectrum function). 

Figure 13 shows the original spectrum (blue 
curve) and the liftered spectrum (green curve). 

Figure 13: spectrum and liftered spectrum 

Figure 14 illustrate the same information in terms 
of A-weigthed functions. 

Figure 14: A-weigheted spectra 

 

After the operations, the A-weigthed overall value 
between 0 and 1600 Hz become equal to 84.2 
dBA. This value is higher than the level obtained 
with manual mask, because in this case there are 
no ‘holes’ due to masking operations in the final 
spectrum (lifterd spectrum). It should be also 
noted that, in the reported case, the liftering 
process gave some over estimation in the range 
between 200 Hz and 1000 Hz; in fact the green 
curve (liftered spectrum) do not join the peaks 
base values but cross the peaks few decibels above 
their bases. 

Of course, even this approach cannot ensure that 
there is no loss of useful information or, as above 
demonstrated, cannot avoid over/under estimation 
of noise levels, but results are more consistent 
than in the previous case, and they are more easy 
and fast to reach.  

At the end of the process, even in this case, it is 
possible to synthesize the 1/3 octave spectrum. 

6. Conclusions 

The use of a simple shield behind the microphone 
improve the noise measurement performed by a 
drone.   

In the analyzed case, where wide (unstable) 
components were present and no information 
about the propellers’ rotation were available, the  
manual masking of the propeller components did 
not give satisfatory results. A fast multispectra 
acquisition, together with the logging of speed 
information of each propeller should be 
investigated for a possible better results. 

Cepstrum / liftered spectrum analysis, altougth 
suffering from possible over/under estimation,  
gave better and faster results, and permitted to 
clean the original spectrum by removing 
periodicity in the frequency domain.    
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