






curve attributed to an Opera house having such volume size  
[16]. Fig. 7 shows the optimal values of the reverberation time 
considered at 1 kHz and in function of the room volume. This 
result is considered a trade-off betwee music and prose 
performance, as the Opera houses have been designed for.  

 

Fig. 7. Optimum reverberation time values in function of room volume.  

The results shown in Fig. 8 indicate that the speech clarity 
index (C50) is slightly lower than the optimal values; this 
occurred across all the frequency bands and particularly at low 
frequencies, as the values do not achieve the target set to be > 
3 dB. This could be translated in light difficulties in speech 
understanding, especially at low frequencies; however, the 
overall response should not be considered a negative outcome 
[17]. 

 

Fig. 8. Measured results of clarity indexes (C50 and C80).  

In terms of music (C80), the clarity index results 
moderately higher at mid-high frequencies considering that 
the values should not exceed +2 dB as to be the upper range 
limit. However, the music played inside the theatre can only 
be perceived as slightly dry, without disrupting the balance of 
the other parameters [18]. 

 

Fig. 9. Measured results of definition (D50).  

By literature [19] it has been established that a good 
speech definition is achieved for values higher than 0.5 (i.e. 
50%), while for a good music definition the values of D50 
should be lower than 0.5 (i.e. 50%). The results shown in Fig. 
9 indicate that the room response is suitable for both speech 
and musical performance, having an averaged value 
fluctuating around 0.50 (i.e. 50%). 

B. Acoustic analysis of 3D sound maps 

An alternative elaboration technique showing the room 
acoustics regards the data analysis obtained by a combination 
of a spherical array loudspeaker and a 32-channel microphone 
(i.e. em32 Eigenmike®) [20]. Additionally, a 360° camera 
contributed to visualize all the possible directions where the 
sound waves, captured by the microphone, are coming from. 
The 32 signals have been processed by extracting 122 high 
directivity virtual microphones with the Spatial PCM 
Sampling (SPS) encoding [21]. The result is a color map 
overlay video composed of consecutive short frames and 
showing the beamformed multichannel RIR as a combination 
of a source-receiver position. 

Because the sound pressure levels arriving to the 
microphone have a different energy, a color scale has been 
attributed to the contour levels, where the red and warm colors 
represent the sound waves having more energy and the blue-
violet colors characterize poor sound energy. A panoramic 
image, realized with a 360° camera, represents the background 
of the sound energy playback to best visualize the direction of 
the arrival sound rays. 

Examples of such acoustic maps are given in Fig. 10 to 
Fig. 11, related to the sound source placed on the right sideof 
the stage (R) while the receiver is in the middle of the hall 
(position 2).  
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Fig. 10. Acoustical map showing the direct sound arriving at the receiver. 

A few captured moments of the RIR inside the Municipal 
theatre of Piacenza visualize the specific architectural 
elements that contribute to the early and late reflections 
through an equirectangular view. Fig. 11 visualizes the 
reflection hitting the left sidewalls of the main hall. 

 

Fig. 11. Acoustical map showing early reflections of the sound energy. 

VI. CONCLUSIONS  

This paper introduces two types of results’ representations 
in relation to the acoustic measurements undertaken inside the 
Municipal theatre of Piacenza and conducted in unoccupied 
conditions. The results show that the acoustic parameters in 
function of the finish material and volume size are suitable for 
both music and prose performance. The acoustic analysis that 
is conventionally undertaken for the determination of the 
parameters in line with the standard ISO 3382-1, has been 
extended to the visual study of the direction and intensity of 
the sound reflections occurring at specific surface area of 
construction elements.  

The use of a 32-channel loudspeaker a 32-channel 
microphone is considered applicable for tracing sound waves 
in the frequency range comprised between 125 Hz and 4 kHz, 
because of its stable flat response. Future research studies are 
directed to increase the number of channels (from 32 to 64) 
for both microphone and loudspeaker in order to widening the 
effectiveness of the beamforming as well as the extension at 
high frequencies.  
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