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1. ABSTRACT


In this paper the acoustic characteristics of the former “La Fenice” Theater has been analyzed. From the measurements of the IRs the Ando’s preferences maps have been developed. 





2. HISTORICAL PREVIEW


In 1774, the San Benedetto Theater, which had been Venice's leading opera house for more than forty years, was burned to the ground. No sooner had it been rebuilt than a legal dispute broke out between the company managing it and the owners, the Venier family. The issue was decided in favor of the Veniers, with the result that the theater company decided to build a new opera house of its own on the Campo San Fantin. From the twenty-nine architectural plans which were submitted, the one by Gian Antonio Selva was chosen. The building works began in June 1790; by May 1792 the auditorium was completed. It was named " La Fenice" (The Phoenix), in an allusion to the company's survival, first of the fire, then of expulsion from its former base. La Fenice was inaugurated on May 16, 1792 with an opera by Giovanni Paisiello entitled "I Giuochi di Agrigento". 


The hall had a half-elliptic plain, on the model (it seemed) of Teatro Argentina in Rome.


From the beginning of the 19th century, La Fenice acquired a European reputation. Rossini mounted two major productions in the theatre and Bellini had two operas premiered there. Donizetti, fresh from his triumphs in Milan and Naples, returned to Venice--and La Fenice--in 1836, after an absence of seventeen years. Thus the three greatest Italian composers of the period each affirmed the theatre's preeminence, but in December 1836 it was tragically burned down yet again. The following year Giambattista and Tommaso Meduna were commissioned to design a new theatre, with decor by Tranquillo Orsi. La Fenice rose once again from its ashes, in Fiorito style, on the evening of December 26, 1837.


Many world-famous musicians wrote again music pieces for the “new” Fenice Theatre; Verdi’s association with La Fenice began in 1844, with a performance of "Ernani" during the Carnival season. Over the next thirteen years, “Attila”, “Rigoletto”, “La Traviata” and “Simon Boccanegra” all took place there. The Theater attracted the world’s greatest singers, conductors and composers, like Stravinsky, Britten, Berio, Nono and Bussotti, to write for La Fenice. 


Many people wrote about the elliptic plain of a theatre; Patte Pierre, in “Essai sur l’architecture théatrâle”, 1774, thought that the elliptic auditorium was the natural shape of a theater, because the human voice propagates as elliptic acoustic waves, instead of other acoustic sources, that are quite omnidirectional (e.g. the bell). 


Although now we know that an elliptical shape is very dangerous, as it can cause focalizations and uneven sound distribution, it must be taken into account that fortunately the Italian theaters are not highly reflecting, having on the walls a lot of artistic painting and stuccos, especially in the neo-classical style, which avoid specular reflections and tend to give a diffuse sound field. So La Fanice gained an high reputation also about its acoustic behaviour, which was due to the particular association of an unusual shape and of properly adjusted absorption properties.


The theater maintained his characteristic charm until it was completely burnt again the 29th , January, 1996.





3. 	MEASUREMENTS OF ACOUSTIC PARAMETERS 





In recent years, the main hall of the theater  (“Sala Apollinea”) was used not only for operas, but also for symphonic music: in these circumstances, the orchestra was located on the stage, and it appeared that the acoustics of the hall was not perfect for this configuration. As in many other opera halls, an orchestra shell was required to give proper coupling of the stage with the main hall during the performances of large ensembles.


In summer 1995, the Artistic Direction of the Theater decided to perform measurements of the acoustic behavior of hall, which had to be the basis for the acoustic design of the orchestra shell. The theater was under restoration to meet the European security standards, and the building of the orchestra shell was added to the list of proposed improvements.


3.1. General characteristics of the hall
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Fig. 1 picture of the Theatre during the measurements





The main hall, typically in Italian style, had four orders of balconies plus the last one (called “loggione”).


The scenic tower was equipped with technical devices of the baroque period as the wooden  grating, the flies, the wooden stage area. The orchestra pit of about 77 mq, was filled up of practicables in order to align the floor with the stage during the symphonic performances.


During the measurements, the proscenium  was completely empty with the curtain open, and without any scenic arrangements on the stage. 
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Fig. 2 


the stage during the measurements�
�



These were the main geometric characteristics in the former theater: 


- Global Volume: m3 21800 


- Floor surface: (main hall and balconies) m2 1480


- Total internal surface: (lateral walls, floor and ceiling) m2 7500


- Seats: n° 819 


- Proscenium: m. 13.3 wide by m 8.5 tall


- Main Hall:	max. width m 19.0


	max. height m 13.7


	max. length m 23.8


- Stage:  	width m 27.5


height m 28.2


depth  m 18.6





3.1. Measurement technique


The measurements in the empty room were made during three days: 14, 28 October and 4 November 1995. The absence of the audience was not particularly important, as the seats were heavily upholstered, and some of them were covered with a thin tissue, which added some absorption. Although no measurement were ever made with the audience in the past in this theater, experimental results obtained from the authors in other similar Italian theaters show that the reduction in reverberation time due to the audience is less than 0.1 s at mid frequencies.
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Fig. 3 The main hall during the measurements
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Fig. 4 Measuring system of binaural impulse responses





The experimental setup used at the theater (shown in fig. 4) was constituted by a blank shot gun, a dummy head with binaural microphones (SONY DRW70C) and a DAT recorder (Aiwa St-1). In the laboratory, the impulse responses were digitally transferred in .WAV files, by using a digital audio board (Multi!Wav Digital Pro) and then analyzed by using a wave editor (COOLEDIT 95) with home-made extensions (AURORA) and a specialized software (MLSSA 10.0C).


The basic measured quantities are 64-k points long binaural Impulse Responses, from which the acoustic parameters are computed accordingly to ISO 3382. A brief description of these objective parameters is reported in the next subchapter.


The sound source was located exactly in the center of the proscenium, under the fire curtain.


The recordings of the gun shots were taken in 27 points, uniformly located on the main floor and balconies of the right side of the hall (which was perfectly symmetrical) as shown in fig. 5 and 6. Some additional measurement were made to check the symmetricity and the effect of different source positions.
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Fig. 5 sound source and receivers position on the balconies 


� EMBED Word.Picture.6  ���Fig. 6 sound source and receivers position in the stalls.





The following fig. 7 shows the binaural impulse response of a point in the middle of the main floor
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Fig. 7 impulse responses at point n.20





3.2. Acoustical Parameters


According to the definitions contained into the new ISO standard 3382, the following acoustical parameters were chosen for the analysis:


 	T15, T30: Reverberation Time calculated from the decay range between -5 and - 20 dB (T15) and between -5 and - 35 dB (T30) on the integrated Schröder curve, in seconds.


 	E.D.T. (Early Decay Time). Reverberation Time calculated from the decay range between 0 and - 10 dB on the integrated Schröder curve, in seconds. 


 	Ts (Center Time). It is the first order momentum of the squared pressure impulse response, expressed in milliseconds. 


 	I.T.D.G (Initial Time Delay Gap).  It is the delay of the first reflection from the direct wave, expressed in milliseconds


 	I.A.C.C. (Inter-Aural Cross Correlation). It is the normalized correlation coefficient between the first 50 ms of the pressure impulse responses measured at the two ears of the binaural microphone.


 	G (Strength). It is the difference between the measured Sound Pressure Level, and the SPL produced by the same omnidirectional source in a free field, at 10m distance from its center.


 	RASTI (RApid Speech Transmission Index), It is a numerical parameter, bounded between 0 and 1, defined in IEC 268 part 16, which is computed from the Modulation Transfer Function matrix, taking into account only the 500 Hz and 2 kHz carrier octave bands.





3.3. Discussion of the experimental results


Fig. 8 shows the T15 and T30 values. These values are well suited for operas and symphonic music, resulting on average greater than those of other Italian theaters (e.g. Milan’s La Scala) which are often too dry for ensemble performances. This is certainly one of the causes of the good acoustic reputation hold by the former La Fenice theater.
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Fig. 8 - Reverberation Time T15 and T30, in octave bands


In fig. 9 the values of the Early Decay Time and of the Center Time are shown. The EDT value is lower than T15 & T30, showing that the first part of the impulse response carries much more energy than the late part. This causes the Schröder-integrated decay curve to exhibit a double-sloped shape, with a fast initial decay, followed by a slowly decaying tail, as it is shown in fig. 10. This behavior is useful in a multi-purpose theater, because this produces good clarity end intelligibility for speech and songs, while the musical performances can benefit of the liveness and blending caused by the high reverberation time.
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Fig. 9 - Early Decay Time EDT and Center Time ts
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Fig. 10 - Schröder plot and energy-time curve in point n. 12 


Fig. 11 reports the map of the Strength (G); it can be seen how the spatial distribution of G is quite uniform on the main floor; instead of the focalization, which affects many horse-shoe Italian theaters, there is a little reduction of the sound level in the center of the rear part.
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Fig. 11 - Spatial map of Strength G





( The intelligibility index RASTI is uniformly quite high, especially in the seats close to the walls and in the middle of the main floor, as shown in fig. 12.
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Fig. 12 - Spatial map of RASTI
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Fig. 13 - Spatial map of Clarity (C50 and C80)


( The Clarity, measured on 50 and 80 milliseconds, is more suitable for speech and operas than for symphonic music, being around the value of 0.24 and 3.8 dB, respectively; the same holds for the Center Time (ts), shown in fig. N. 14,.with an average value of 80 ms.
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Fig. 14 - Spatial map of Center time (Ts)





�


Fig. 15- Spatial map of Inter Aural Cross-Correlation (IACC50)





( The Inter Aural Cross-Correlation IACC50, having a value around 0.2(0.3, is quite low, ensuring a good spatial impression and envelopment of the listeners. This was certainly one of the better acoustic characteristics of the theater, as usually it is difficult to have low values of IACC coupled with high values of clarity, and it is well known that a good spatial impression is the most important parameter for the overall musical acoustic quality.


 From the measured objective parameters, the Preference Index according to the Ando’s theory has been computed by using a specialized, home-made software, taking into account the temporal characteristics of a well-known music piece, namely the Sinfonia Jupiter, n.551, by Mozart, which has an Effective Duration of the Autocorrelation Function te=38ms. The Contour Map of the Ando’s preference index is visible in fig. 16. The values are high, ranging between -1.5 and -0.5, which means that this room was perfectly suited for the kind of music represented by this te value.
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Fig. 16 Ando preference’ index (S) (Mozart Sinfonia Jupiter, n.551, te=38ms)





4.	Comments on the experimental results and conclusions


After evaluating the experimental results presented above, the following final remarks can be drawn:


 	No evident geometric defect, as echoes or focalization, has been found.


 	The reverberation time had a regular octave band trend. The mean value of T30 was perfectly suited for operas and speech, while it seemed too low for symphonic music. The mean value of EDT is still lower, showing that the initial slope of the decay is steeper than the subsequent tail. This is a favorable condition for a multi-purpose theater, as the speech intelligibility is not affected, while the music is blended and sustained by the reverberant tail.


 	The Clarity and Center Time values are optimal for speech and operas, but they exhibit a sound field a little too defined for symphonic music, particularly for a certain kind of music characterized by a low tempo and consequently a very long value of the Effective Duration of the Autocorrelation Function te.


 	The sound level distribution is quite uniform. The IACC values are everywhere low, indicating a pleasant envelopment thanks to strong lateral reflections.
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