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Introduction

Microphone arrays have been used extensively to measure
aeroacoustic sources of aircraft in flight. The localization
ability of microphone arrays allows a separation of the
contribution of different components, i.e. the fuselage,
engines and landing gear.

Fly-over measurements, which are typically done in the
open, are subject to the meteorological conditions at the
time they are conducted. For reproducible results, the
encountered conditions must be considered when evalu-
ating the measured data. The atmospheric turbulence
and its causes have so far not been included in the algo-
rithms evaluating microphone array measurements. The
turbulence is responsible for the loss of coherence be-
tween microphones, which can have a significant impact
on the quality of the results. Due to its random nature, it
cannot be measured directly, and a model for is required.

This publication aims to present a possibility to include
such a model of coherence loss in the source localiza-
tion algorithms used by the DLR department for engine
acoustics for fly-over measurements. The objective is
to reduce the reproducibility across measurements under
difference environmental conditions.

Methods

Model for Coherence Loss

In [1], Lincke et al. used an analytical model for coherence
loss in the atmosphere to synthesize microphone array
data. It is based on and extends works by Ostashev,
Wilson, Kamrath et al. [2, 3, 4] and models the coherence
loss due to variances of temperature o2, shear-produced
wind velocity fluctuations 03’5 and buoyancy-produced
wind velocity fluctuations aib, as well as their respective
length scale of turbulences Ly(z), Ly, s(2) and L, 4(2).

As those quantities are not directly available they are
parametrized based on the friction velocity u,, surface
heat flux Qg and boundary layer height z;.

To acquire a coherence factor A, € [0,1] between mi-
crophones m and n, their distance rg4, the height of the
source h as well as a propagation angle @ is required. To-
gether with the wave number k this results in A being
the function

Ara, 0, hy ks Q, ux, 2i)

with the input parameters:
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rdq microphone distance
0 source emission angle
h source height
k acoustical wave number
Qu surface heat flux
Us friction velocity
Zi boundary layer height

Source Localization for Flyover Measure-
ments

To evaluate the microphone array measurements of fly-
overs, the DLR department of engine acoustics uses the
hybrid approach described by Guérin and Weckmiiller
[6, 7]. It consists of a conventional delay-and-sum beam-
forming (CTDBF) step which is, due to the motion of
the sources, done in the time-domain. It is followed by
a deconvolution step in the frequency domain similar to
DAMAS to increase the spatial resolution and improve
the source localization results.

DAMAS with Modified Point Spread Function

The Deconvolution Approach for the Mapping of Acous-
tic Sources (DAMAS) uses a model for the array response
to a virtual unitary point source to find the source distri-
bution that best reconstructs the delay-and-sum beam-
forming results [5]. This array response is called the point
spread function (PSF). If expressed in the frequency do-
main it can be derived by the formulation for conven-
tional beamforming

VP (&, w) =h{Chy

for a focus point 7y € R3. Here C € CM*M

is the measured cross spectral matrix (CSM), h; =
(hjl, hjo,. .. th)T e CM is called steering vector.

Different definitions of the steering vector are available
in the literature [8]. Here, it is defined as hj, =
u;,nrjme*il’"i"”7 which matches the transformed steering
vectors of time-domain beamforming. w,, is a factor ap-
plied to the microphones signal called shading factor. It
is used to adapt the array properties and allow the use of
a single array for a broad frequency range. In this formu-
lation the shading factors are expected to be normalized:

Z%wm =1.

To derive the point spread function, the measured CSM is
replaced with a modelled CSM, based on a (virtual) point
source with unitary strength at position #s. Without
coherence loss due to propagation, this can be expressed
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Figure 1: The evaluation of fly-over microphone array data
consists of a conventional delay-and-sum beamforming step
in the time domain (top). Additionally, a deconvolution step
in the frequency domain can be applied, and source regions
integrated (bottom).

by Cmod = g gl where g5 = (gs1,9s2,---gsm)? € CM

contains the Greens Function, with g;,, = r_l e~ thrim,
jm

This results in the definition as used in DAMAS [5]

Aps =hfChy = W g.glhy = [nfg,|”

M 2 M 2
= E h; Jsm| = g W, TfTLL €ik(rfm7rsm)
" Tsm
m m

Note that this PSF-definition yields Ay, = 1 when the
focus equals the modelled source location ¥, = Ty, e.g.
the amplitude of a point source at ¥, gets correctly re-
constructed.

For a PSF to consider coherent loss, it must be included
in the modelled CSM. By multiplying each element of
the unattenuated CSM with the corresponding coherence
factor 7, for the coherence between microphone m and
n, such a CSM can be defined as é‘sn"d = I‘oC‘Sn"d, where
(-0+) is the elementwise matrix multiplication (Hadamard
product). The PSF then becomes this adapted PSF
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Figure 2: The conventional and the adapted point spread
function as used for Record 110, cut along the x-axis. In-
cluding the modelled coherence loss lowers the reconstructed
amplitude and increases the beamwidth.

Ags = hf CP%hy = hf (T o g,gl )by

M M
m n
Note that for the case of ¥y = &y this results in

Zﬁf Zﬁ/f Wy YmnWyn < 1. This shows that a microphone
array measurement with coherence loss is expected to
underestimate the true source levels (see also figure ).

Results

The deconvolution scheme was applied to data acquired
in 2019 for the LNATRA project. The measured aircraft
is an Airbus 320. The configuration presented here is a
approach with the landing gear down (see fig. 3). Seven
runs were recorded in total, at three different time win-
dows. The environmental data is taken from the ERA5
Database [9] as shown in table 1 and based on measure-
ments and meteorological models. It significantly differs
between the time windows. While the reproducibility
was good, some scattering was registered in the levels of
the deconvolution results.

|7]/ms™!  ho/m T/°C |@|/ms™?
Rec.
63 82.72 109.88 15.60 4.70
64 83.91 116.30 15.70 3.70
65 84.02 134.35 15.20 5.20
110 86.06 121.57 25.10 4.80
111 86.55 121.73 24.90 3.90
136 85.41 91.85 22.40 1.70
137 88.37 133.48 22.10 0.90

Table 1: The environmental conditions of the evaluated
recordings as required by the model for coherence loss as pro-
vided by the ERA5 Database[9].

In figure 3 the results of the deconvolution using the con-
ventional definition are compared to the results using the
adapted formulation of the PSF. The source regions are
reconstructed at the same locations. The calculated lev-
els are however higher when the adapted PSF is used.
This is to be expected, since more source power is needed
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Figure 3: Deconvolution results for record 110 using the conventional point spread function (left) and the adapted point spread
function (right). The sources are detected at the same locations: The nose and main landing gear. The calculated levels are

increased however when using the adapted PSF.

to yield the same map of the conventional beamforming
results.

These elevated levels can also be observed when the total
power of the sources on the aircraft are compared (fig. 4).
For this, the source strength of all sources which fall on
or close to the aircraft are added. The considered region
is illustrated in fig. 1.

Conclusion

In this contribution a new formulation for the point
spread function was presented. It is based on the con-
ventional definition of the PSF but altered to consider
coherence loss. This allows the integration of a model
for coherence loss due to atmospheric turbulence directly
in the deconvolution step.

Using this new model, the levels of the deconvolution
results were increased. The variance between the records
and especially between the observed time windows could
not be improved, hinting at it being caused by different
underlying causes.

Further research is required, using a source with known
noise levels to show if the increased source levels are a
more accurate representation of the true source levels.
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Figure 4: The calculated levels of the total sources located on the aircraft. The results using the conventional are generally
within 1.5dB. When using the adapted point spread function, the levels where increased, especially for f > 800Hz. The
reproducibility however was not improved.
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