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Scan & Paint: a novel sound visualization technique
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Abstract

There are different methods to capture and visualize the acoustic properties in the vicinity of
an object. It is however not so straightforward to visualize these results. Sometimes only an
overall value of the entire surface is used, which does not provide any local information (e.g.
surface intensity sweeps). Measurements at discrete locations are often combined to
visualize local effects, but this is a time intensive procedure.

In 2009 a technique was presented to quickly scan a surface with an intensity probe and to
visualize the velocity and intensity data via the video information that was captured at the
same time, [1]. Here the same method is used, but now also the impedance, reflection and
absorption are measured.

In many previous studies methods were for measuring in-situ the intensity, impedance,
reflection or absorption with a combined pressure-velocity probe were investigated [see e.g.
[2], [3], [4]. In general it is possible with such to measure with relative high level of
background noise with a high spatial resolution.

Whereas previously the radiation of an object was measured, now also the absorption is
measured using an external sound source at a certain distance from the surface. In this
study the surface of a hedge is scanned and the results are visualized at many locations
because the location at a specific time is obtained from the video. Most attention is paid to
the absorption properties of individual structures such as the hedge, the soil, a board and a
garden gnome in order to get a better understanding of the resolution.
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1 Introduction

A PU probe consists on a sound pressure and a single particle velocity microphone. With this
probe it is possible to measure quantities like sound intensity (see e.g. [5]), sound energy
(see e.g. [6]) and acoustic impedance (see e.g. [2], [3], [4]) in one direction. In many cases
PU probes have a low susceptibility to background noise and can be used in the entire
audible frequency range. Both the sound pressure and the acoustic particle velocity are
measured simultaneously.

Arrays of PU probes are used in sound field visualization techniques. Arrays are required if
the sound field is not constant in time or when place dependent phase shifts are required.

Many times other methods are used to localize and quantify sound sources which are often
dedicated to a specific frequency range. At lower frequencies accelerometers or laser
vibrometers are used to measure the structural velocity. Often there are installation
problems, airborne leakages through the structure cannot be measured and at higher
frequencies the required spatial resolution becomes a problem. Acoustic techniques like
Beamforming or near field holography techniques are limited in frequency, are influenced by
background noise, and errors are made because the velocity is calculated instead of directly
measured. Although these methods can be used for sound field visualization, they are not
accurate enough to measure the surface acoustic impedance in-situ. PU probes can be an
alternative for such techniques.

Many standard methods, such as the method of Kundt and the reverberant room method,
cannot be used in-situ. For this purpose several microphone techniques exist, but there are
problems especially at lower frequencies and large measurement areas are needed.

When a sound source with known acoustic impedance at a known position is used the
impedance can directly be measured with a PU probe. With a probe close to the material the
difference with the actual surface impedance is small and in some cases a difficult model of
the sound field is not necessary. From the impedance the reflection and absorption are
calculated and when the probe-surface distance is small the spatial resolution is high.

Here a fast method is introduced that makes use of a PU probe that is swept along the
surface. While the sensor signals are being measured, a video is recorded at the same time
with a webcam at a certain distance. The position of the probe at a certain time can later on
be verified via this video.

2 Surface mapping principle

The properties of the sound field are determined and visualized via the following routine:

While the probe is moved slowly over the surface the pressure and velocity are
recorded and at the same time a video image is captured.

Next the data is processed. At each time interval the video image is used to determine
the location of the sensor. The audio properties are calculated from a small time period
just before and after this time interval. Here each time section is 0.1 seconds.

Then a color plot is generated. Interpolated values are used for pixels without
measurement data.



3 Surface scan with a pressure-velocity probe

3.1 Sound source at a fixed position

First the surfaces of the hedge, soil, plank and midget are scanned with a probe at a stick. A
sound source is positioned at 2 meters from the hedge. The setup time is in the order of 10
minutes and the measurement itself takes roughly 3 minutes. In Figure 1, left the distribution
of the individual measurement points and the position of the speaker can be seen. Figure 1,
right shows the average absorption between 300Hz and 10000Hz. As expected the board
and dwarf absorb less than the hedge.
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Figure 1. Left: Measurement points distribution. Right: broad band absorption, 170Hz-8,2kHz

However, when the absorption is shown in a narrow frequency band it can be seen that the
situation is more difficult. The actual situation is that there is a difficult interference pattern of
the direct source and the reflected mirror source. This interference is different at each
frequency and as example the absorption at 755Hz (Figure 2, left) and at 840Hz is shown
(Figure 2, right).
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Figure 2. Left: the absorption at 755Hz. Right: the absorption at 840Hz



Also the intensity distribution can be visualized (Figure 3). Again the structure of the goblin
and the board are visible. Here the intensity level is displayed in dB scale (re. 1p Pa*m/s).
Intensity values that are lower than 0dB are set to zero. So a negative intensity value is not a
small number but the absolute value of intensity multiplied with the direction.
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Figure 3. Mean intensity distribution between 170Hz and 3,1kHz

3.2 Sound source attached to the probe

By using a sound source that moves along with the probe the place dependent interference
problem is much less an issue. The combined setup of the probe and sound source is
heavier so it cannot be mounted on a stick. The operator would make difficult to determine
the position of the probe at all time intervals and therefore the webcam is installed at an
angle (Figure 4, left). Again the surface is scanned and the fine distribution of the
measurement points is shown in Figure 4, right.
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Figure 4. Left: The measurement setup. Right: Measurement points distribution

When with a fixed probe — sound source arrangement the broad band absorption as well as
the narrow band absorption (Figure 5 and 6) do not show such a difficult interference pattern
as in the previous paragraph. Already at 260Hz the wooden board is slightly visible. Because
the video image was taken at an angle and because the probe was used at roughly 5 cm
from the surface there is a slight misalignment of the acoustic image compared to the photo.
The board appears to be slightly more to the left than it should be.
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Figure 5. Left: Broad band absorption (170Hz — 10000Hz). Left: Absorption at 260Hz.

Figure 6 Left: Absorption at 2,9kHz. Right: Absorption between 6kHz and 9,3kHz

4 Conclusions

In this paper a measurement technique is demonstrated that makes it possible to visualize
the acoustic properties of outdoor structures like hedges or grass. The method is a
combination of two earlier developed methods namely the ‘scan and paint’ [7] and the
‘surface impedance method’. The ‘scan and paint’ method makes it possible to measure the
sound field that is radiated from a surface. This visualization method is how applied towards
surface impedance methods. The measurements in this paper make it plausible that the
method is reliable. It is a relatively straightforward method that is done quickly. The setup
time is in the order of 10 minutes and the measurement time is in the order of 1 minute per
square meter (depending on accessibility).
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