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Abstract

The ERATO project (2003-2006, Contract Number IG&B-2002-10031), was a
three-year research project financed by the Europ@ammission under the Fifth
Framework INCO — MED Program. The ancient Greek Rothan theatres are famous
for the excellent acoustics. However, it is noteggatly well known that different kinds
of theatres were built, for different purposes avith different acoustical conditions.
One of the aims in the ERATO project has been yestigate the acoustics of the open
air theatre and compare to the smaller, originatigfed theatre, also called odeum
(from Greek: Odeion, a hall for song and declanmatiath music). The method has
been to make computer models of the spaces, Bréhey exist today, and adjust the
acoustical data for surface materials by compartsoacoustical measurements from
some of the best preserved examples, namely thenlgg theatre in Turkey and the
South theatre in Jerash, Jordan. Next step wa®riplete the computer models in
accordance with archaeological information, to mak&ual reconstructions of the
spaces. The acoustical simulations have given aflotteresting information about the
acoustical qualities, mainly in the Roman theatbes,the earlier Greek theatre has also
been studied in one case (Syracusa in Italy).fiusd that the Roman open-air theatres
had very high clarity of sound, but the sound gjterwas quite low. In contrast, the
odea had reverberation time like a concert halgtikely low clarity, and high sound
strength. Thus, the acoustical properties refleet driginal different purposes of the
buildings, the theatre intended mainly for playsegch) and the odeum mainly for song
and music.
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1. Introduction

The main objectives of this research are identifoce virtual restoration and revival
of the acoustical heritage in a few, selected exesnpf the theatre and the roofed
odeum in a 3D virtual environment. The amphitheatgh their clearly different pur-
pose were included in this project. The virtualtiteBon integrates the visual and
acoustical simulations, and is based on the masinteresults of research in archae-
ology, theatre history, clothing, theatre perfore®and early music.

This paper will focus on the acoustical resultse Tdtoustical simulations were
made with the room acoustic software ODEON ver, déveloped at the Technical
University of Denmark.

2. The selected theatres and odea

Five spaces have been selected for virtual reagetigin in the ERATO project:
Three theatres, see Fig. 1, and two odea, see2Fif§coustical measurements were
made in the best preserved theatres in Aspendodexadh. In the theatre of Syracuse
and the two odea the state of preservation wasuftitient to make acoustical meas-
urements meaningful.

The Odeon in Aosta was selected because this isrttyeknown example where
some of the outer walls still exist in full heigfithe Odeon in Aphrodisias was selected
because there was very good and detailed informatailable from the archaeological
excavations, and many of the interior details 8k&#tues and marble floor in the orches-
tra still exist.

Figure 1 - Above: Photos from the three seledbedtres, below: View from computer
models, reconstructed for the Roman period. Leftash, Middle: Aspendos, Right:
Syracuse.
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Figure 2 - Above: Photos from the two selectedagptdelow: View from computer
models, reconstructed for the Roman period. Lefista, Right: Aphrodisia.

3. Acoustical results from virtual reconstructions

3.1 The theatres in Aspendos, Jerash and Syracuse

These three theatres differ in shape and size bhssven cavea slope. In the Roman
time, the Aspendos and Syracuse theatres had aname behind the last rows of the
cavea and the Aspendos theatre had a Velum (semsokeer the audience area) made
of wool like a sail. Probably the Jerash theats® dlad a colonnade, but there are no
remains left from that. In table 1 are shown theuatical parameters for the three thea-
tres in their different configurations and the Gadtameter to get an idea of the size of
each theatre.

Table 1 - Calculated parameters in different ggunfations of the theatres (empty and
fully occupied) and their cavea diameter. The patamvalues are averaged over all
source-receiver positions and over mid-frequensdfs1000 Hz in 1/1-octave bands

T30 (s) G (dB) C80 (dB) STI Cavea

Empty |Full | Empty | Full |Empty | Full | Empty | Full D|a(nr;;:ter
Aspendos Roman 195 | 1,59 -2,34 | -4,36| 1,17| 4,08 0,53 0,61 955
Aspendos Present 1,89 | 153 -437 | -6,09| 268, 653 060 O,yO0 955
Aspendos Present (Stage) 1,77 | 1,43 -4,49 | -6,05| 4,42| 8,27 063 0,J1 955
Jerash Roman 154 | 1,08 -0,72 | -3,05| 3,46| 6,88 0,62 0,y0 87,8
Jerash Present 1,21 | 0,8 -1,18 | -3,29| 5,98| 9,85 0,67 0,y5 87,8
Syracuse Roman 1,81 | 1,67 -6,69 | -8,24| 4,07 82% 0,62 0,J0138,6
Syracuse Present 1,25 | 0,97 -10,60| -11,61 12,88 | 18,12 0,88 | 0,93 138,6
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The table 1 shows that the difference in reverlmrdime between empty and full is
about 0,3 - 0,4 s generally in all theatres, Jehasiing a slightly bigger difference. The
reverberation time when full seems to be more aaleqin the roman reconstructions
than in the present models.

The overall strength is the highest in Jerash an@$t in Syracuse, partly due to the
different slopes and the great difference in caliameter.

The clarity is exceptionally high in all the thesgtrdespite the levels of reverbera-
tion, and this is due to the lack of roof that méke field more like a free field than a
diffuse field. As a consequence of this, the STugs are also remarkably high in the-
ory if we neglect the background noise.

For the Aspendos theatre in present state, the madage provides a decrease of
reverberation time at mid-frequencies, and in thsecof the Roman reconstruction
(with added velum and stage canopy) there is ompndifference in reverberation.

From Table 1 it is seen that in Jerash theatregbenstruction of mainly the frons
scaenea results in an increase of the reverberati@nof around 0,3 s. It is also seen
that the Syracuse theatre in the Roman era hat@@6 s longer reverberation than in
the present stage. This is mainly due to the fsmaenae but also the colonnade pro-
vided some reverberation.

3.2 The odea in Aosta and Aphrodisias

This type of theatre has the property of beingoged room with wooden roof struc-
tures used for more intimate music and theatrespdang often only for an exclusive au-
dience. They have been made of hard material©as st marble and they are assumed
to have had open windows to the outside for daylagid ventilation. The open win-
dows and the audience seated in the cavea havelgdohe main acoustical absorption
in these buildings. These rooms have thus beenreverberant from an acoustical
point of view if we compare them to the standard®day.

The Aosta and Aphrodisias odea differ both in tveilume and in their shape. The
outer walls of the Aosta odeon follow a rectangslaape whereas in Aphrodisias odeon
the shape is semicircular following the seatingare

The Aosta odeon had a volume that was almost tthiaeof Aphrodisias odeon as
reconstructed, mainly due to the difference inicgiheight.

Table 2 - Calculated parameters in different aunfations (empty and fully occupied)
of each odeon, and cavea diameter. The paramdtesvare averaged over all source-
receiver positions and over mid-frequencies 50001199 in 1/1-octave bands.

T30 (s) G (dB) C80 (dB) STI Cavea

Diameter
Empty | Full | Empty | Full | Empty | Full | Empty | Full (m)
Aosta Roman 597 | 3,49 7,14 | 4,26 528 | -2,41| 0,36| 0,48 59,6
Aphrodisias Roman 4,02 | 1,62 1045 | 545 -421 | 1,86| 0,38| 05p 45,6
Aphrodisias Present 0,37 | 0,24 6,42 | 3,95 15,19 | 23,21 0,85 | 0,90, 22,5
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By comparing the reverberation times of the twoaotheRoman time it is seen that
Aosta has a longer reverberation time, mainly calseause of the greater volume.

The ruins of the Aphrodisias odeon in the presentehoo little surfaces to provide
a reverberant field for satisfactory acousticst & seen from the table. Aosta odeon has
not been reconstructed in its present state shrare is only one wall standing.

In the reconstructed models of the Roman era bdda @re over reverberant when
they are empty. The Aphrodisias odeon has a rexagibe time T30 when full, which
is comparable to the optimum for modern concershall similar volume. The Aosta
odeon seems to be over reverberant even when full.

The strength G of both odea is seen to have optivaloes both when empty and
full. The clarity C80 of Aosta odeon is too low migi because of its high reverberation
whereas Aphrodisias has an adequate clarity. The&iies show that the Aphrodisias
odeon is satisfactory for speech when full whetbasAosta odeon is just bearable. It
has to be mentioned that the background noise t#vitle audience is not known and
has probably caused lower speech intelligibility.

Overall, the calculation results of the reconsedcmodel of Aphrodisias odeon
have shown an excellent acoustic ambience commatalhodern halls. It is a hall that
mainly has been optimal for music but also goodughdor theatre plays and chorus.

The Aosta odeon is less adequate for spoken peafores but still acceptable for
music.

3.3 Acoustical scale model investigations

From scale model investigations it is found that different architectural layout of
the theatre in the Greek and Roman periods indasdah influence on the acoustical
parameters, and the reverberation time was lomgirei Roman theatre.

4. Reconstruction of musical instruments, music, songjothes and style of
performance

The musical instruments that have been reconsttuate Kithara, Aulos, Tym-
panon, and Scabellum. Three pieces of music iratitie style have been composed for
the instruments and recorded in anechoic envirohmen

A database on virtual humans has been createdd lsashistorical descriptions of
clothes, shoes and hairstyle. The database cordigtgelve virtual actors from the
Roman period, three actors from the Greek periabaaset of virtual musicians. For the
virtual audience a crowd rendering and animatiorchime has been developed. The
method allows real-time rendering of thousandsnorhated virtual humans.

Visual VR reconstructions in computer models hagerbmade for the Aspendos
theatre and the Aphrodisias odeon. The modelsdectletails like columns and statues,
texture to represent the building materials, thiéeced ceiling in the odeon and the ve-
larium for sun shielding over the open air thea&ecollection is made with over 150
different textures that represent different suraicethe buildings. The light conditions
can be controlled using a virtual light probe tmglate any position of the sun and con-
dition of the sky.

The visual simulations have been integrated with dboustical simulations and a
number of animated scenarios have been produaddding sounds from the audience.

The ERATO project and its contribution to our untkmgling of the acoustics of ancient theatres



The Acoustics of Ancient Theatres Conference
Patras, September 18-21, 2011 J.HéRin

5. About restoration works on ancient theatres

New information has been provided concerning thamusitcal importance of differ-
ent parts of the ancient theatres and odea. IiRtman theatre the height of the scene
building and the decoration with columns and stsfare particularly important, but also
the colonnade behind the audience is acousticaportant. In the odeon the roof and
the open windows are acoustically most importantyéwver, it is not very likely that
any odeon will be fully restored with a new roof.

6. Modern use of ancient theatres

A report on the modern use of ancient theatresbkas prepared. The report deals
with problems related to festivals and deterioragiand threats due to improper uses of
ancient theatres. It also refers to the relevaattelhs and guidelines like the ICOMOS
Charter for the protection and management of aabgeal heritage and the Verona
Charter on the use of ancient theatres.

7. Conclusion

The results of the acoustical simulations in treonstructed theatres and odea con-
firm the assumption, that they were dedicated ftier@nt purposes. The theatres with
very high clarity of sound were excellent for plagpeech), whereas the odea with a
higher sound strength and more reverberant soumd @ecellent for song and music
from weaker instruments like the lyre or chitare.

More information can be found in the final projeeport [1] and in the proceedings
of the ERATO project symposium [2]. Detailed stisdaa the acoustics of ancient thea-
tres are described in a PhD thesis [3].
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