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Introduction 
The scope of this brief paper is to describe how calibrated levels for measuring G can be obtained in-situ. Even 
though proper calibration should be obtained according to the standard (ISO 3382:2009), in-situ calibration can be 
useful for verification of calibrated levels or rough estimates of G if an anechoic/reverberation chamber is not 
available. The results and conclusions are based on the use of one single type of dodecahedron sound source. The 
dodecahedron loudspeaker used had an overall diameter of 0.33 m with 4” loudspeaker elements. 
 
The measure G and how to obtain calibrated levels 
The acoustic measure G gives the total level of the measured impulse response. The reference level used is the 
emitted (free-field) direct sound level at 10 m distance from the source. The definition of G is given in Equation (1). 
The lower integration time limit, t = 0, corresponds to the arrival of the direct sound. 
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When doing measurement in halls, the free-field level at 10 m distance must be known. Guidelines on how to 
measure this level are given in ISO 3382. The prescribed method in ISO 3382 is to measure either in a reverberation 
chamber or an anechoic chamber (a reflection-free environment) at a source-receiver distance that is in the far-field 
of the source. In an anechoic chamber any measurement distance other than 10 m can be used as long as one is in 
the far-field of the source. The measured level at a distance deviating from 10 m can be compensated for by 
application the inverse square law for a point source. In ISO 3382 the specified minimum distance for valid far-field 
measurements is 3 m. With 3 m source-receiver distance the compensating value to apply to the measured direct 
sound level will be 20·log10(3/10) = –10.5 dB. In practice the source will not be perfectly omnidirectional. The direct 
sound level must therefore be measured with different source rotations and the measured levels averaged – a total 
of 29 different measurements in 12.4° steps according to ISO 3382. 
 
According to Beranek1 the distance from the source should be at least 3 to 10 times the largest separation distance 
between radiating elements of the source to be in the far-field of the source. For a source of diameter 0.33 m this 
gives us a minimum distance of 0.99 to 3.3 m, with 3.3 m being the most conservative minimum distance. 
Investigations of the direct sound levels at 1, 2 and 3 m distance from centre of the dodecahedron used for this brief 
study indicate that at 2 m distance we are sufficiently in the far-field of the source used. By ensuring that 2 m 
distance is in the far-field, measured direct sound levels at 2 m distance should be sufficiently valid for calibration for 
G despite ISO 3382 has 3 m as minimum source-receiver distance. 
 
Reflection-free zone and measurement setup 
For measuring the direct sound level from the loudspeaker we need to integrate the whole response of the 
loudspeaker that will be part of the direct sound. To reveal the complete impulse response of the source we need a 
sufficient reflection-free zone around the source (see below for details). By having the microphone 1 m from the 
centre of a source, a time window of length 8.5 ms was achieved where only the direct sound was present. This was 
achieved by having the loudspeaker and microphone 2 m above the stage floor. Figure 1 shows measured impulses 
responses of the dodecahedron at 1 m distance from the centre of the dodecahedron. The last tail is dominated by 
the low frequency response of the loudspeaker. As can be seen from Figure 1 the impulse response of the 
dodecahedron is at least 8.5 ms long (from 5.5 to 14 ms). By studying Figure 1 in detail it can be seen that the 
response is still oscillating (by a small negative value) when the floor reflection arrives at 14 ms. The impulse 
response is there likely to be longer than 8.5 ms, but we have not been able to measure more of the response due 
to the disturbing floor reflection. The 8.5 ms time window corresponds to the floor reflecting propagating a distance 
that is 2.9 m longer than the direct sound path. 
 
The reflection-free zone around the source is defined by a three-dimensional elliptical surface. Seen from above or 
from the side it will form an elliptic curve. Figure 2 shows the resulting two-dimensional ellipse where F1 and F2 in 
represent source and receiver positions and 2c represents the source-receiver distance. The floor will normally be 
the surface which limits the reflection-free zone. With standard loudspeaker and microphone stands it will be difficult 
to have the source more than 2 m above the floor and the microphone more than 2.4 m above the floor (2.2 m 
average height). With c equal to 1.5 m and b equal to 2.2 m the resulting reflection-free zone will give a time window 
of 7.7 ms length where only the direct sound is present, if taking into account that the minimum distance to the 
loudspeaker will be 2 m minus half the dodecahedron diameter (0.33 m). Figure 3 shows the measurement 
configuration used with for this study with a 2 m source-receiver distance. 
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Results for calibrated values of G 
The calibration procedure according to ISO 3382 was carried out with a measurement configuration as shown in 
figure 3. The software used, WinMLS 2004 v1.08, allowed a time window to be applied when obtaining the direct 
sound levels as part of the calibration procedure. A time window of 7.7 ms was applied. The loudspeaker used was 
previously calibrated in an anechoic chamber for a pink noise method for measuring G. Measured values of G within 
the audience area of two different concert halls were compared between these two different calibrated systems 
using the same loudspeaker. The results showed an average deviation of less than 0.3 dB (maximum 0.8 dB) 
between the two calibrated systems for the 250 Hz up to the 2 kHz octave band. For the 125 Hz octave band values 
of G with the in-situ calibration method was on average 4.2 dB lower (maximum 4.4 dB), which is caused by the 
truncation of the direct sound at 7.7 ms after the onset of the direct sound. As seen in Figure 1 the complete impulse 
response of the loudspeaker appears to be longer than 7.7 ms, but only below the 250 Hz octave band. 
 

 
Figure 1: Measured impulse responses of our dodecahedron at 1 m distance (from centre of dodecahedron). 

With the direct sound arriving at 5.5 ms and the floor reflection arriving at 14 ms. 
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Figure 2: Ellipse defining the reflection free zone for level calibration of measurement system. 

 

 
Figure 3: Measurement setup for calibrating the measurement system. 

 
To confirm calibrated levels during a measurement session the microphone can be set 1 m from the centre of the 
sound source with both the sound source and the microphone 1 m above the floor. This should result in G equal to 
approximately 21 dB at 1 kHz (omnidirectional source where the direct sound plus floor reflection dominates). 
 
Concluding remarks 
With the loudspeaker used for this study, valid calibrated values of G were achieve for the octave bands above  
125 Hz, from 250 up to the highest octave band investigated – 2 kHz. At the 125 Hz octave a significant truncation 
loss was found. To which frequency the validity extends will depend on the impulse response of the loudspeaker in 
use. On stage a time window of 7.7 ms was achieved by use of fairly standard loudspeaker and microphone stands. 
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