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ABSTRACT

In this paper we propose the use of sparse reconstruction
methods to characterize the pass-by noise of rail-bound
transportation vehicles. European trains are homologated
with the TSI-NOISE legislation, which specifies the quan-
tification of the vehicle noise alone; that is, irrespective
of the track on which the vehicle is running. However,
some tracks contribute significantly to the pass-by noise
in mid-frequencies, leading to geographically dependent
noise emissions of the same vehicle. To remove this depen-
dency from the homologation, the track and vehicle contri-
butions must be separated. This paper proposes the use of
sparse reconstruction methods to distinguish between vehi-
cle and rail noise. The approach is based on measurements
with a microphone array near the track, and the use of dic-
tionaries of plane waves and moving equivalent sources, to
model the track and the vehicle contributions respectively.
It is shown that the separated spectra agree well with the
reference results predicted with the TWINS software.

1. INTRODUCTION

Rolling noise is the dominant source of noise for trains run-
ning below 300 km/h. This source originates in the contact
between the rails and the train’s wheels. Their interaction
causes waves to propagate freely on the track, as well as
modal vibrations on the wheels, which then radiate sound
[1]. In the frequency range between 500 Hz and 1600 Hz,
the rail contribution often masks the wheel contribution.
Thus, since the wheel noise is the source that needs to
be quantified according to the TSI-NOISE legislation [2],
the need to separate rail and wheel contributions arises.
Several papers have attempted to separate and quantify
these contributions with microphone arrays [3–6]. In this
study we explore the use of sparse reconstruction methods,
which have shown great potential in sound source local-
ization [7,8] and holography [9,10]. Sparse reconstruction
methods are particularly convenient for modelling prob-
lems where few sound waves are present—in the present
case, those radiated by the track and the vehicle. In this
study, we propose a model that promotes sparse dictionary
representations of the rail and wheel contributions to the
pass-by into plane waves and moving equivalent sources.

2. METHOD

Consider a train running with speed V , and the pressure
data measured atM microphone positions, distributed uni-
formly parallel to the track at array positions x1, ..., xM .
At fixed frequency ω and time t, the pressure field due to
rolling noise p(ω, t) ∈ CM is defined as the sum of the
rail sound pressure p(r), the wheel sound pressure p(w),
and modelling errors e: that is, p = p(r) + p(w) + e. The
rail sound pressure is approximated in a dictionary of plane
waves as p(r) = Ψα, and the wheel sound pressure is ap-
proximated in a dictionary of moving sources as p(w) =
Φβ. The plane wave dictionary matrix Ψ ∈ CM×Npw has
entries of the form ψnm = ej(ωt−knxm), with j =

√
−1,

kn is the wavenumber of the n-th plane wave in units of
rad/m, and xm is the position of the m-th microphone in
units of m. And the dictionary matrix of moving sources
Φ ∈ CM×Nms has entries φnm of the form [11]

ejωτnm

4π|1−M cos θnm|2

[
jω

rnm
+
V (cos θnm −M )

r2nm

]
(1)

where M = V/c is the Mach number, c is the sound speed,
θnm and rnm are respectively the angle formed and the
distance between the n-th source and them-th microphone
at a given time t, and the emission time τnm is the solution
to the to the quadratic expression c(t− τnm) = rnm [11].

The rail and wheel contributions to the sound pressure
level (SPL) are then separated in three main steps, executed
in MATLAB 2019b. First, the plane wave coefficients
α are found via orthogonal matching pursuit (OMP) [12],
which amounts to solving the optimization problem

min
α

1

2
‖p−Ψα‖22 subject to ‖α‖0 ≤ Q (2)

for a given integer Q < M , and the `p-norm defined as
‖ · ‖p = (

∑
| · |p)1/p. This results in the approximation of

the rail sound pressure p(r), which is then used to calculate
the rail SPL per 1/3 octave band at the center of the micro-
phone array. Second, the residual ρ between the array pres-
sure and the estimated rail pressure is computed. Third, the
moving source coefficients β are found via the least abso-
lute shrinkage and selection operator (LASSO) [13, 14],
which amounts to solving the optimization problem

min
β

1

2
‖ρ−Φβ‖22 subject to ‖β‖1 ≤ δ, (3)



with regularization parameter δ > 0 that can be found e.g.
via the Pareto curve [14]. This results in the approximation
of the wheel sound pressure p(w), which is then used to
calculate the wheel SPL per 1/3 octave band at the center
of the microphone array.

3. RESULTS

The proposed approach is tested with experimental data,
taken from the measurement campaign during the H2020
Roll2Rail project, 2016. More details about the campaign
can be found in [6]. A 42-channel microphone array is
used, with 8 cm spacing, and 6.4 kHz sampling rate. The
sparsity constraint in Eq. (2) is Q = 12, and the num-
ber of plane wave and moving source dictionary atoms are
respectively Npw = 50 and Nms = 100.

The curves in Fig. 1 show the separated SPL spectra
for a train running at 160 km/h. The spectra are compared
with the spectra obtained with the wave signature extrac-
tion (WSE) method, and reference results obtained with
TWINS (see [6]). The figures demonstrate that the results
obtained with the proposed approach are much closer to
the reference predictions than the WSE method.

(b)

(a)

Figure 1. (a) Rail and (b) wheel SPL spectra obtained with
TWINS (reference), WSE method, and sparse reconstruc-
tion. The wheel SPL obtained with WSE is the energetic
difference between the total pass-by and the rail SPL ob-
tained with WSE.
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