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1. INTRODUCTION 

Noise is a major reason for concern regarding 
environmental protection around airports. Among all the 
noise sources, the activation of the thrust reverser to slow 
down the aircraft after landing is well known by airport 

authorities as a major cause of acoustic impact (and also 
emissions), annoyance and complaints in the vicinity of 
airports. Although the weight of this noise source on the 
overall long-term average noise assessment can be moderate 
(for instance in terms of day-evening-night and night-time 

 
Figure 1. Examples of audio signals of a landing with thrust reverse activation (highlighted).

ABSTRACT 
Many airports all over the world have established restrictions for the use of thrust reverse for slowing down aircraft after landings, especially during the 
night period, as a way of reducing noise impact and the number of complaints in the vicinity of airports. This is the case of Madrid airport, where the 
Universidad  Politécnica  de Madrid,  in  collaboration with  AENA,  and  the  Politecnico  di Milano  have  been  researching,  and  developing  intelligent 
instruments to improve the detection and classification of thrust reverse noise among other noise sources present in the airport. Based on a traditional 
approach,  the  thrust  reverse  noise  detection  tool  detects  two  consecutive  sound  events,  and  applies  pattern  recognition  techniques  for  the 
classification of each of them (such as  landing and thrust reverse). A second  improvement refers to the use of a microphone array  linked to a noise‐
monitoring unit, which enables  tracking  the direction of arrival of  the  sound,  thus  improving  the  classification  rates. By  taking  the  latter,  it  is also 
possible  to  track  the  aircraft  location  along  the  runway, which  enables  sound pressure measurements  to be  transformed  into  sound power  level 
estimations. Although the novel instrument can still be optimized and customized, the results have shown quite good classification rates (over 90%). 
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noise indicators for strategic noise mapping purposes), 
especially in those airports where runways are used either 
for landings and take-offs, the reverse thrust can be quite 
disturbing, as a rapid change of engine power from idle to 
reverse occurs causing a sudden burst of noise [1-4], as 
shown in Figure 1. Therefore, many airports have 
established restrictions for the use of thrust reversal after 
landing, especially during the night period, as a way of 
reducing the noise impact of airport operations on the 
community in circumstances where it is critical (for 
instance Paris-Orly, London-Heathrow, O’Hare-Chicago 
[5,6]). 

The traditional approach for identifying thrust reverse 
noise is based on the detection of two consecutive sound 
events, by applying thresholds to the sound level 
measurements acquired by the airport’s noise monitoring 
units. Each event is detected if the noise level is over the 
threshold for longer than a pre-established time period. But 
this technique has proved not to work properly in many 
cases, as there are many factors affecting the strength, 
separation and duration of both sound events:  the aircraft 
model and the type of thrust reverser, the weather 
conditions, the company procedures, the aircraft’s final 
destination, the pilot’s behaviour… make it difficult to 
perform the detection task by just using a traditional 
threshold-based approach (Figure 1). 

The poor performance of the traditional methods, in 
practice, disables the sanctioning procedures, reducing the 
efficacy of regulations in fighting noise impact, and 
originating misalignment between environmental and time 
efficiency policies. Extended and updated information 
regarding this specific noise source will help to keep and 
customize efficient thrust reverse restrictions where 
necessary, while removing them in airports where they are 
not useful (thrust reverse has many benefits regarding 
safety, time efficiency and maintenance cost). 

2. METHODOLOGY 

The methodology described in this paper is also based on 
a threshold detection of two consecutive sound events 
(EV1, for landing noise, and EV2, for thrust reverse noise). 
But, unlike the traditional approach, which uses the overall 
sound level, in this case, the detection is improved by the 
application of filters, acoustic modelling and signal 
processing practices. Furthermore, two cardioid 
microphones (referred to as Left and Right, L-R 
microphones) acquire the sound signal, making the system 
more robust against sounds arriving from a direction where 
landings are not expected. 

A specific filter is applied in each of the detectors, so that 
the sound level is analysed for customized bandwidths. 
Furthermore, a transformation is applied to improve the 
detection of the second event (EV2), so that sound power 
instead of sound pressure can be analysed. If both detectors 
are successful, EV1 and EV2 will be classified using 
statistical pattern recognition techniques. In order to 
complete the identification of a thrust reverse sound, both 
sound events must be detected and properly classified. 
Figure 2 shows the main system block diagram and Figure 3 
shows a scheme on the field locations.  

2.1. The EV1 detector 

The first stage in the TREND (thrust reverse noise 
detector) system is the detection of a landing sound event 
(EV1). A microphone acquires the sound signal, and the 
running sound pressure level (Lp), is calculated and used for 
the detection of this first sound event applying time and 
level thresholds. As high frequency sounds are quite 

 
Figure 2. Thrust reverse noise detection system block diagram. 

 
Figure 3. Field measurements scheme. 

 
Figure 4. Example of EV1 detection. 

 
Figure 5.  EV2 detector block diagram. 
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unusual in environmental noise sources, a high frequency 
band pass filter (5.0 to 5.2 kHz) is applied before the Lp 
measurement, to improve the detection rates by reducing 
the false positives rates (Lp, filtered). Figure 4 shows an 
example of the performance of the EV1 detector. 

2.2. The EV2 detector 

When a landing (EV1) is detected, the system starts 
searching for EV2 (Figure 5). The EV2 detector consists of 
two microphones (mic1 and mic2) forming an array that is 
used for tracking the aircraft’s position along the runway, 
as follows. 

The delay between the signals captured in each 
microphone changes, depending on the relative position of 
the noise source (the aircraft) and the array. The delay is 
calculated using a cross-correlation method in the frequency 
domain [7]. This time delay of arrival allows estimating the 
direction of arrival of the sound [8], which is used to 
estimate the distance (r) between the aircraft and the sensors 
(see Equation 1, where d is the distance from the array to 
the runway, c is the speed of sound, x12 the distance 
between the two microphones in the array, and  is 
the delay obtained in the measurement). Figure 6 shows a 
simplified scheme of parameters involved in the source 
location tracking process. 
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Unlike sound pressure level (SPL), the distance from the 
source to the receiver does not affect sound power level; 
therefore, when the thrust reverser is activated, the sound 
power emitted increases suddenly, making it easier to 
detect. Taking advantage of this phenomenon, and using an 
approach similar to the one presented by the authors in [9], 
the estimation of the sound power level has been carried 
out using a simplified inverse sound propagation model 
based on ISO 9613 [10], and shown in Equation 2. 
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where Lw(t) is the sound power level (dB), Lp(t) the sound 
pressure level (dB), r(t) the distance from the source to the 
receiver (m), α is a coefficient describing the atmospheric 
attenuation of sound with the dista 
nce (dB/km), and A is a constant that counts for all other 
factors. 

Using this transformation every thrust reverse sound 
event is enhanced, making its dynamic range higher (see 
Figure 7), thereby improving the performance of a 
threshold detector. 

2.3. EV1 detection improvement 

During landings, the aircraft arrives from the south (in 
this test case) and, as the distance decreases (Figure 3), the 
sound pressure level increases, triggering EV1 in time T0. 
At that time, the aircraft is at the left of the TREND 
system, and during EV1 the aircraft will change its position 
to the right. Therefore, during EV1 the array will detect a 
positive delay at the beginning that becomes negative in T1, 
which is the time when the aircraft is in front of the array 
axis (see Figure 8). In the event that a negative zero crossing 
is not perceived within EV1, the event will be rejected (this 
is a constraint in this measurement setup). In the event that 
T1 is detected, the system starts searching EV2. This is a 
way to reduce the EV1’s false positive detection rates, as 
any sound event is rejected if its source was not strictly 

 
Figure 6. Aircraft location tracking. 

 
Figure 8. Time delay during a landing. 

 
Figure 7. EV2 enhancement for detection.

 
Figure 9. Performance of EV1 detector for early thrust reverse activation.
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moving from left to right during the detection duration. 

2.4. EV2 detection improvement 

The EV2 detection must be done once the landing sound 
event is finished, which should fit to the end of EV1. 
However, by just using a threshold-based EV1 detector, it is 
not possible to tune the EV1 threshold in a very accurate 
way for all of the cases (Figure 9). In view of those cases 
having “early” thrust reverse activation, the EV1 ending 
time cannot be a reference and there must be extra 
constraints to start searching for EV2. 

A little time after T1 (or at T1) the estimated sound 
power level must start decreasing (as the aircraft is moving 
away slowing down). This is the time we have called T2. 
Only after T2, thrust reverse can be detected. This will 
prevent the system form false positives caused by aircraft 
directivity. After T2, if thrust reverse is activated, Lw(t) 
will increase suddenly at a high rate, determining T3. T2 
and T3 are calculated from analysing the slope trends in the 
sound power level time history (by just establishing some 

thresholds for these constraints, see Figure 10). This is a 
way to prevent false positives caused by distant sound 
events in the airport (run-ups, taxi…), as thrust reverse 
usually produces strong level increments. 

2.5. Events classification 

After detecting two consecutive sound events (EV1 and 
EV2), the system classifies them independently, in order to 
reduce the false positives identification rates. This process is 
carried out through the application of statistical pattern 
recognition techniques. 

As the classification stage is performed after an 
autonomous previous detection of two sound events, it was 
decided to use two independent classification stages for EV1 
and EV2. As the characteristics of the target sounds are 
completely different (landings for the EV1 detector, and 
thrust reverse for the EV2 detector), using specific 
classification algorithms could improve the performance of 
each of the classifiers. 

A feature extraction process is carried out for both 
events, describing the dynamic and frequency 
characteristics of the sounds, and also the position of the 
aircraft for each of the events. Mel frequency cepstral 
coefficients (MFCC) have shown a good performance in 
sound recognition applications [11-15], so the first 20 
coefficients were selected. Two new features were selected 
to describe the evolution of the time delay between 
microphones during EV1 and EV2, which is highly 
correlated to the location and movement of the aircraft 
during both events. 

The training and testing of the system was developed 
with Matlab-PRTools. The recognition process starts with a 

Table 1. EV1 detection rates prior to classification. 

Detection rates EV1 Detected EV1 not detected Error (%) 

Landings 398 1 0.0 

Take-offs 0 252 0.0 

Table 2. EV2 detection rates prior to classification. 

Detection rates EV2 Detected EV2 not detected Error (%) 

Landings with thrust reverse 315 14 4.0 

Landings without thrust reverse 20 63 24.0 

Table 3. Overall identification results. 

Event type Detection error rates (%) Classification error rates (%) Overall error rates (%) 

Landing with thrust reverse 4.0 4.9 8.5 

Landing without thrust reverse 24.0 40.0 9.6 
 

 
Figure 10. EV2 enhancement for detection. 

 
Figure 11. Thrust reverse noise identification. 
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principal components analysis (PCA), used to decorrelate 
the data. Afterwards, different algorithms were tested for 
each of the classifiers independently, so that those two 
showing the best performance were selected: 

 
- A k-nearest neighbour  [16] was used for thrust 

reverse events. This is a non-parametric classifier. It 
calculates the distance between the object to be 
classified and those in the training set, and assigns 
the class that is most repeated among the K nearest 
neighbours (K=5). 

- A Parzen classifier  [17] was used for landing events. 
This is a non-parametric classifier. During the 
training, the classifier makes a non-parametric 
estimation of the probability density functions of 
each class, which are used for the classification of 
new objects. 
 

The identification of thrust reverse activation is positive if 
the first event is classified as landing and the second one is 
classified as thrust reverse noise (see Figure 11). 

3. RESULTS 

Some tests were carried out at Madrid-Barajas airport. 
The recordings were manually edited and labelled, creating 
a sound events database, consisting of 315 landings with 
thrust reverse activation and 83 without it. 

Tables 1 and 2 show the performance of the detectors. 
The EV1 detector has shown a great performance: only 
landings are detected as EV1s, and almost every landing is 
detected. On the other hand, EV2 detector performance is 
lower, as sources other than thrust reverse are incorrectly 
detected as EV2. An adjustment with a higher threshold 
would remove many of these false positives, which are 
generated by aircraft taxiing or run-ups at a long distance, 
but, on the other hand, many thrust reverse events could 
also be missed. As no prior information was available 
regarding the number of these low level thrust reverse 
events, a conservative scenario was considered. However, 
after the classification stage, the operation point of the 
detectors can be optimized, and the overall identification 
rates will be improved. 

The tests showed an error rate lower than 10% (Table 3), 
which can still be optimized, on the one hand, with a 
proper customization of the sensors and the measurement 
setup, and on the other, with the use of the prior 
probability of thrust reverse occurrence, during the training 
stage of the classifier. 

4. CONCLUSIONS 

The variability in the duration, strength and separation 
of the landing and thrust reverse sound events cannot be 
properly implemented by just using thresholds on the 
overall running sound pressure level measurements. This is 
the reason why traditional threshold detectors are not 
effective for identifying thrust reverse noise at airports. 
The novelty in this paper derives from: 

a) The improvement in the detection through the 
application of signal processing to track the aircraft 
position and transform sound pressure into sound 
power levels; 

b) The application of pattern recognition techniques for 
the classification of previously detected sound events 
in the process of identification thrust reverser being 
activated. 

Obviously, aircraft will have generated most of the noise 
events inside an airport, making it difficult to recognize 
each of them, as the different sound classes are not neatly 
separated. Tracking the location of the aircraft along the 
runway optimizes the performance of both the detection 
and the classification stages, reducing the error rates below 
10%. 

The sound power level estimation has shown a great 
performance for the detection of thrust reverse sound 
events, but it involves taking extra precautions, as not only 
the sound level is important, but also the cross-correlation 
between microphones (for instance, the protection of 
microphones against environmental conditions must be 
improved). It should be noted that the location of the 
TREND system must be carefully selected. The location 
must be as far as possible from the braking area in order to 
enhance the separation between sound events. But it must 
be close enough to capture the thrust reverse sound. The 
array parameters and the distance from the array to the 
runway must be chosen so that the operating angle of the 
instrument covers the typical landing and braking areas. 

The described methodology can be implemented easily 
and reliably in an instrument, by simply applying common 
hardware and software resources to provide real time 
results regarding the activation of thrust reverse. These 
results, linked to those provided by noise monitoring units 
can be used, for instance, to complete any sanctioning 
procedure at an airport, or to analyse the effect or the need 
for restrictions regarding thrust reverser use. The 
methodology has been valid and effective for the 
measurements carried out at Madrid-Barajas airport [18,19]. 
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