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1. SUMMARY

The increasing demand for more seating capacity in auditoria leads (o more and larger baleonies. However.
the acoustic coupling of the spacaes under and above the balcony o the main volume is usually a problem.
This makes for difficulty in selling seats in these areas. Improving the acoustic coupling is generally diflicult,
This paper describes an electro-acoustic solution which has been applied lo a theatre where the overall
sealing capacity was ftripled jusl by moving the back wall, thus increasing both the balcony and the under
balcony areas considerably.

2. BACKGROUND

The Royal Dutch Theatre in Antwerp (Belgium) was a normal sized traditional drama theatre constructed
in the sixties. In 1994 the Iheatre was sold lo a privale company which redeveloped the theatrs for large
scale, open end, musical productions, ballet, concerts eic. However, to make a profil, the seating capacity
ol about 800 seals was not sufficient.

To improve the seating capacity, it was decided 1o increase the depth of the hall by moving the backwall
{fig.1). This resulted in a seating capacily of just over 2000. As a resull the balcony {24 rows, about 1000
seals) and the under balcony area (12 rows, about 400 seals) became excessively large.

The problems ol these large areas, which would be poorly coupled to the main volume, were recognized
by the acoustic consultant. As about 70% of the tolal seating capacily of the theatre is in this area, the
need for an appropriate solution was of the paramount importance. In addition the natural acoustics of the
hall would not be of the slandard normally expected in a leading pedformance venue bul without any
advanced delay syslems a reinforced sound would have little flexibility.

Evalualing these problems, the application of a S1AP system was recommended, as this would not only
realize the desired acoustic qualilies for opera and eoncenrts [1,2,3), but also could solve the problem of the
coupled spaces.

3. IMPLEMENTATION OF THE SIAP SYSTEM

The working principles and implementation of a SIAP system are extensively described in a previous paper
[3], figure 2 gives the loudspeakar and microphone positions applied for the Royal Dutch Theatre. Within
Ihe SIAP system approach loudspeakers are caretully allied to the audience areas 10 obtain an even sound
distribution,

As thera is no orchestra shell available. the system in the Royal Dulch Thealre also comprises a slage
system to improve loldback and the slage acoustics for both speech and music performances.

Figure 3 gives the reverberation times for the SIAP system off and three of the eight available settings.
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4, RESULTS

After the complelion of the project, the sound distribution has been measured from two source postions.
At each source posilion measurements were faken al system cff and SIAP settings 1 (Speech), 4
{Symphonie music) and 6 (Choir with orchestra). The results are reproduced in figures 4 and 5. From these
graphs it can be seen clearly that the nalural acoustics resull in & very poor signal level at the back of the
hall. Due 1o the tan shape of the hall and its fow ceiling there is no proper development of reverberant
sound. With the SIAP system the level flattens out as would be the case if a proper reverberant field was
developed, This is even the case at sefling 1 where there is no significant increase of the natural
reverberation tima. From lhis it can be seen that the flaltening is not just a result of creating more
reverberant sound but - mainly - from a better distribution of the acoustic energy over the space.

5. CONCLUSIONS

Using a SIAP system, the overall acouslic performance of a theatre was improved. Not only the obvious
modification of reverberation tima was achieved, but also a better sound distribution over the entire volume,
including poorly coupled spaces like balconies and under balcony areas. Also the absence of an orchestra
shelt can be fully compensated when a SIAP system is applied. Reports from Ihe Flanders Royal
Phitharmanic Orchestra confirm the latter.
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Figure 1. Royal Dutch Thealre in Antwerp {Belgium)
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Figure 2. Loudspeaker placement
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Figure 5.
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