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Introduction

In order to determine the acoustic properties of noise
reducing devices in-situ the so-called Adrienne method
CEN/TS 1793-5 [1] was introduced. To further improve
this method as well as to investigate the sustainability of
noise reducing devices in general, the project ”QUIESST
– QUIetening the Environment for a Sustainable Surface
Transport” was funded by the European Union in Frame-
work Programme 7. During the preparation for round
robin measurements the influence of the sound source di-
rectivity pattern on the derived sound reflection index
was discovered. This uncertainty contribution becomes
important especially with increasing frequency due to an
increasingly focussing radiation pattern.

We investigate the theoretic influence of the radiation
pattern on the measured transfer function and the reflec-
tion index. This is achieved by the use of an analytic
model describing the radiation pattern. Furthermore,
the uncertainty in positioning the directive loudspeaker
is discussed. The results are compared to measurements
under controlled conditions.

Measurement Procedure and Problem
Statement

The basic idea of measuring the sound reflection proper-
ties of noise reducing devices in situ is based on impulse
response measurements in front of the noise barrier: a
loudspeaker is positioned in front of the center of the
noise barrier in a distance of 1.5 m to the noise barrier
surface. In between, according to the QUIESST proce-
dure 9 microphones are placed in a 3 × 3-grid in a dis-
tance of 0.25 m to the barrier surface and the impulse
response of this system is measured. As this impulse re-
sponse contains the direct sound wave as well as the com-
ponent reflected by the barrier, an additional measure-
ment is performed under free-field conditions. With this,
the reflected component can idealy be separated by sub-
tracting the direct, i.e. the free-field, impulse response.
Thereafter, the incident and reflective energy can be de-
termined by a windowing procedure to exclude unwanted
reflections (e.g. by the ground). By comparison the re-
flectivity of the noise barrier can be calculated.

As was clearly seen in the project’s round robin test,
correction factors had to be implemented to consider the
different propagation paths of the two components as well
as the directivity of the loudspeaker. Also, a third factor
to correct for the amplifier was included. This finally led

Figure 1: Sketch of the measurement setup

to the following calculation of the sound reflection index
RI (1):

RIj =
1

nj

nj∑
k=1

[∫
Δfj

|F [hr,k(t) · wr,k(t)]|2df∫
Δfj

|F [hi,k(t) · wi,k(t)]|2df ·

Cgeo,k · Cdir,k(Δfj) · Cgain,k(Δfg)
]

(1)

Here, hr,k denotes the reflected part of the impulse re-
sponse (after subtracting the direct component) and wr,k

the windowing function to exclude unwanted reflections.
Analogous, the index i specifies the free-field (direct) im-
pulse response resp. the according time-window. The
full measurement procedure is described in [2].

This approach was slightly modified, as a second free-field
measurement in a distance of 175 cm was performed char-
acterizing mirror microphone positions, thus including
the geometric and the directivity correction and substi-
tuting the denominator in Eq. (1). Also, the microphone
positions were altered to illustrate the growing measure-
ment uncertainty with growing displacement from the
central line loudspeaker – microphone – noise barrier.
The measurement setup can be seen in Figure 1, the dis-
placement distances of 40 and 60 cm where chosen to
represent the QUIESST procedure grid displacements of
40× 40 cm. As reference noise barrier, a plane concrete
wall was chosen for its known acoustic properties of a
reflectivity of nearly unity over the relevant frequency
area. Figure 2 shows the RI with and without the cor-
rection factors to demonstrate their importance for the
three microphone positions. To depict the strong influ-
ence of the loudspeaker directivity, three different sound
sources where used exhibiting strongly different direc-
tional characteristics. The measurement errors in the
high frequency region can clearly be seen thus justifying
the correction factor. Still, measurement uncertainties
remain; their origins are described in the following sec-
tions.
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Figure 2: Reflection Index in one-third octave bands for
three sound sources with different directional characteristics;
upper row: without correction for directivity; lower row: with
correction for directivity

Analytical Model

As no rigid connection between loudspeaker and micro-
phone grid is mandatory, both microphone positions and
loudspeaker orientation towards the noise barrier are
prone to misalignments. Therefore, an analytic model
was developed to investigate these influences. To describe
the sound source, a spherical harmonics cap model was
used [3].

In a first step, the microphone positions were randomly
distributed with a maximum distance of 75 mm around
the ideal position. Secondly, the loudspeaker orienta-
tion was altered with a maximum error of 7.5 degrees.
The value for both positioning uncertainties is based on
laboratory measurements of the authors. For both sim-
ulations, the reflectivity of the barrier was chosen to be
r = 0.9. The resulting measurement uncertainties are
shown in Figure 3. The results again demonstrate the in-
fluence of the sound source used for these measurements.
The uncertainty due to loudspeaker misorientation, es-
pecially in the higher frequency range, is exceeding the
mispositioning of the microphones in front of the barrier.

Measurements

Measurements were performed in front of a plane con-
crete wall to prove the model outcomes. For each setup,
20 consecutive measurements (with intentional misposi-
tioning of the microphone resp. misalignment of the loud-
speaker) were performed. Their results are shown in Fig-
ure 4 in terms of the variation coefficient. As expected,
uncertainties occur mainly in the higher frequency range
where the sound source possesses a stronger directivity.
Also, the uncertainties due to loudspeaker misorienta-
tion exceed the microphone mispositioning error. The
remaining discrepancies between analytical model and
measurements can easily be explained by the differences
of the loudspeaker model and the sound source used as
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Figure 3: Simulated uncertainty due to random micro-
phone misalignment (blue line, max. misalignment distance
is 75 mm), and due to loudspeaker misorientation (red, max.
angle deviation is 7.5 degrees)
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Figure 4: Measured uncertainty due to random microphone
misalignment (blue) and loudspeaker misorientation (red);
microphone position displacement 60 cm out of central line

the loudspeakers used in the measurements comprised a
stronger radiation pattern than captured with the ana-
lytical model.

Conclusions

For measuring the sound reflection properties of noise
barriers, focus has to be laid on the correct choice of
the sound source. Strong radiation patterns result in an
increased measurement uncertainty.
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