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Abstract

The localization of acoustic sources of aircraft in flight is a core challenge for beam-
forming methods since they have first been used in the early 1990s independently by Bryce,
Michel and Botcher. It has remained a field of active research, where different groups have
applied similar methods to reconstruct the noise levels of aircraft components. However,
the details of the methods themselves as well as the implementations may differ. Until
now, no flyover microphone array dataset has been made broadly accessible to the research
community. With this publication, we will make a data set available of a flyover record-
ing of the DLR ATRA research aircraft, an Airbus 320-232. The recording was made in
2016 in the context of the Low Noise ATRA Project, which aimed to test noise reduction
approaches. This particular recording was chosen because in this configuration, several
aeroacoustic sources on the airframe and engine are present. The dataset contains the cal-
ibrated pressure signals from a large array of the DLR-Engine Acoustics Department with
238 microphones, arranged in logarithmic spirals. The arrangement is stretched in the di-
rection of fligt, resulting in a diameter of 43 m along the longer, 36 m on the shorter side.
The aircraft velocity above ground was 88 m/s and the altitude was 180 m above the array.
The dataset is provided in the HDF5-file format that is organized according to the structure
used for the exchange of microphone array data in the past. Here, it is extended to accom-
modate the trajectory of the aircraft as well. Due to the movement of the aircraft and source
region, data for the trajectory in the form of waypoints and reference times is provided. In
this talk and publication, we will present the methods used by our research team and the
results we were able to accomplish with them. .

1 INTRODUCTION

As part of the Low Noise ATRA Campaign, several flyovers of the DLR ATRA research aircraft,
an Airbus 320-232, were recorded [7]. The data is provided in HDF5 format. A pistonphone
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was used to calibrate the micorophones. In addition to the already calibrated microphone data,
the dataset also contains other necessary metadata (as datasets or attributes) required for analy-
sis. The metadata includes, among other things, the microphone data, information on measured
wind speed, temperature, and air pressure, as well as the assumed movement of the aircraft.
This documentation serves to provide a more detailed explanation and clear presentation of
the information already contained in the file. The ”Analysis” chapter at the end of this docu-
mentation provides an overview of how the data is further processed within the DLR-Engine
Acoustics Department.

2 DATA DESCRIPTION

File Structure

The HDFS5 file has a hierarchical structure. The following diagram shows the arrangement of
the most important information.
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Figure 1: The internal structure of the provided hdf5-datafile. Groups are shown in blue, data
sets in green, and attributes in red.

2.1 Coordinate System

All position and velocity data are with respect to the local coordinate system. The system is
fixed in space and follows the right-hand rule. The origin is at the center of the array. The
e,-axis is parallel to the runway in the eastward direction, ; is vertical.
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2.2 Microphone Locations

The dataset contains the signals of 238 calibrated microphones, arranged in logarithmic spirals
(see fig. [2). The arrangement is stretched in the direction of flight to increase the resolution for
shallow angles. This results in a diameter of 43 m along the longer, 36 m on the shorter side.
The microphone positions where measured with high accuracy using a total station by Leica
Geosystems. The microphones are applied close to the ground using small clips glued to the
airports tarmac, so that hard-walled, non-reverberant reflection can be assumed.
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Figure 2: The microphones are arranged in logarithmic spirals. Some faulty channels are ex-
cluded from the datasets.

2.3 Trajectory

The Trajectory references a point at the center of the aircraft. It is linearized so that it can be
represented by some reference position Xg, velocity vg and time fg = %. The position is then
given as

X(t) = (t —tr)VR +Xg

which applies primarily in a region around #g (|f — tg| is small). For short time intervals, this
assumption is justified by the high inertia of the source.

Three linear trajectories are specified, each representing the best approximation of the trajec-
tories for different sections of the flyover. Their identifiers refer to the emission angles 60°, 90°,
120° and correspond to the approach, overflight, and departure section of the same recording

However, the speed remained very constant in Record 139, so this distinction may be negli-
gible, and the 90° trajectory can be used.
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2.4 Aircraft Orientation

In addition to position data, the used flight log also contains information on the aircraft’s orien-
tation to transform points of the rigid body (the aircraft) to the local coordinate system.

The orientation is specified using extrinsic Euler angles in the form (X —Y — Z). While they
are based on the heading, elevation and bank angles, here they are specified with respect to
the local coordinate system and their orientation also follows the right-hand rule (see fig. [3).
This results in a large value of @3 which is close to 180°, as the flight direction and nose of the
aircraft are close to antiparallel to the
mathb fey-axis. To clarify the distinction, the angles are referred to below as @, ,@, , and @;.
All values are provided in degrees (°).

Figure 3: The provided orientation angles are required to transform points on the rigid body
of the aircraft to the global coordinate system of the microphone array. They are all
defined in the mathematical positive sense.

2.5 Wind Velocity

A wind velocity vector u = (uy, uy,,0)” was calculated with respect to the local coordinate sys-
tem from a recorded average wind speed and direction. Since it was taken from the flightlog
for each of the three specified trajectories, there are also three wind velocity vectors available,
which are stored together with the trajectories.

3 Analysis at DLR

3.1 Analysis Intervals

The source localization methods implemented in PSM2 assume direction-independent sources.
To study the directional characteristics of the aircraft in flight, the recording is not evaluated as
a whole but rather in various (short) emission time intervals, for which the sources are assumed
to be constant and direction-independent.

These intervals are defined by the emission angle (see fig. ), so that angle falls within some
region around the nominal emission angle. In the presented case, this region A@ = 10°. Le.
the results labeled 90° are based on the sources within 6 € [85°,95°]. Table [2| presents the
calculated emission times based on this scheme and the resulting time length of the evaluation.
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Table 1: The aircrafts trajectory is provided as three linearized trajectories.

Trajectory 60° 90° 120°
Reference Sample 89926 152624 210406
— Reference Time 1 (s) ~1.87 =317 =437

X1 124.7 8.8 -97.1
Reference Position x (m) X2 2.2 0.0 -1.1

X3 198.6 186.2 175.4
Vi -88.0 -88.0 -88.0

Reference Velocity vg (m/s) | v, -0.3 -0.5 -0.5
V3 94 -9.2 -8.7

01 -1.5 -0.6 0.2

Orientation Angle (°) (02 7.4 6.9 6.6
o3| 1822 182.6 182.4

. ) u 1.8 1.7 1.7
Wind Velocity u (m/s) ™ 30 is i3

emission
4 _interval
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Figure 4: Definition of the emission angle

3.2 Dedopplerization and Conventional Time Domain Beamforming

As initial step, a dedopplerization through resampling is applied to the source grid’s origin
[4]. The measured amplitude is affected by the propagation through the atmosphere. This
atmospheric attenuation can be compensated, using the model described in the standard ISO-
9613-1 [

The conventional delay-and-sum beamforming method in the time domain was applied to
the data. To increase the beamforming resolution and adapt the array properties to different
frequency ranges, the contribution of each microphone was adapted using weighting factors,
sometimes called shading [6]]. Similar to using subarrays, they allow us to emphasize outer
microphones at low frequencies and the center microphones at high frequencies. The weighting
factors used are provided in the microphoneWeights dataset, one for each microphone and thid-
octave band.

The source maps for the third-octave bands from 250 Hz to 5000 Hz for all three emission
time intervals are provided in the appendix.
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Table 2: The boundaries of the evaluated intervals.
60° 90° 120°
(64, 6p) 55° 65° 85° 95° | 115° 125°
(ta,tp) (s) | 2.181 2.424 | 3.394 3.576 | 4.551 4.793
At (s) 0.242 0.182 0.243
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Figure 5: The dedopplerization results. The spectrum has a frequency resolution of Af = 8Hz.

4 SUMMARY

We have provided a microphone array recording of a measured flyover. The information in the
dataset as well as this publication provide all required information to apply source localization
methods and test their suitability with respect to aircraft flyovers.

The provided example results consist of a dedopplerized spectra as well as beamforming
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Figure 6: Beamforming results of the 90° interval in the 4000 Hz third-octave band.

results. The source maps allow for a separation of sources and follows the contour of the
fuselage well, with noticeable sources at the intersections of wings and body (slathorns). The
engines are the dominant sources at around 2.5 kHz.

In the past, similar benchmarks have shown, that even identical methods, implemented and
used by individual research groups, resulted in different results [S]. We hope this benchmark
initiates comparisons and discussions between research groups. Such discussions should in-
clude higher order methods, such as the hybrid deconvolution [3] and CLEANT [2]].

The dataset is available on Zenodo.org
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Figure 7: Beamforming results for third-octave bands 250 Hz to 630 Hz
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Figure 8: Beamforming results for third-octave bands 800 Hz to 2000 Hz
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Figure 9: Beamforming results for third-octave bands 2500 Hz to 5000 Hz
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