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Summary
Tapestries have long been considered as alternate means to decorate walls, often combining refined craftsmanship
with the use of expensive materials like silk and gold. However, besides their decorative function, tapestries often
contributed improvements to indoor conditions, and particularly room acoustics thanks to their sound absorp-
tion. The acoustic properties of such materials, although predictable with relative accuracy depending on their
physical characteristics, are rarely measured in the literature. Taking advantage of the temporary installation of
the Pastrana tapestries at Meadows Museum (Dallas), the reverberation time with and without the tapestries was
measured. Despite the non-diffuse conditions observed in the room, the results of the measurements were used
to explore the possibility to derive absorption coefficients by means of an indirect approach based on the use of
a geometrical acoustic model. Results obtained with this method proved more reliable than those obtained using
classical formulas, and they were in agreement with theoretical values derived for thin porous materials of similar
characteristics.

PACS no. 43.55.Br, 43.55.Ev, 43.55.Ka

1. Introduction

Medieval and Renaissance tapestries contributed to the
magnificence of noble palaces through their designs (at
times by famous artists), the labor-intensive weaving tech-
niques they required, and the expensive materials they
used (hand-dyed silks and wools, at times wrapped in gold
and silver foil). Furthermore, tapestries could contribute to
thermal comfort (by increasing surface temperature and
thus reducing unwanted heat exchange from occupants’
body), as well as to acoustic comfort (by increasing sound
absorption and reducing reverberation, thus yielding better
conditions for speech intelligibility). Some evidences sug-
gest that occupants were aware of the effects of tapestries.
In fact, it was common practice to remove them during
the warmer seasons to benefit of a cooler feel from bare
walls. From the acoustical point of view, recent investi-
gations also suggest a significant degree of awareness of
the better acoustic conditions resulting from addition of
tapestries and other ephemeral installations [1, 2, 3, 4, 5].
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Acoustical behavior of tapestries can be studied assum-
ing them as thin porous sound absorbing materials whose
properties are well known and understood [6, 7]. Their
sound absorption mostly depends on surface mass and
flow resistivity, which is a measure of how easily air can
enter the pores. Their theoretical behavior can be predicted
with relative ease under simplified boundary conditions
(i.e. normal incidence of sound waves, fixed distance from
back wall), but things get more complicated when real
world conditions apply. The effect of draping, incidence
from various angles, different tensile levels due to hanging
conditions may often prevent any simple generalization.
Probably for the same reasons, it is not so simple to find
experimental acoustic data, that are more frequently col-
lected for simple curtains close to walls, or draped, and
much less frequently for tapestries and paintings [8]. The
variables affecting the final result may prevent general-
ization, but considering the very limited literature dealing
with acoustic characterization of artistic artifacts [9], any
additional contribution may be useful to broaden knowl-
edge about their actual contribution to room acoustics. For
the above reasons, the present paper took advantage of the
temporary exhibition of four “Pastrana Tapestries” held in
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SMU Meadows Museum in 2012 [10], to determine their
acoustic properties.

Absorption coefficients of textile materials are normally
measured using small samples mounted in a standing
wave tube (according to ISO 10354-2 standard [11]). The
method is known to be accurate, but it is limited to normal
incidence, and it clearly fails in reproducing real world
mounting conditions of larger samples. Under such con-
ditions a measurement in a reverberant chamber, (accord-
ing to ISO 354 standard [12]), may be more appropriate
as it also returns the diffuse field behavior of the mate-
rial. In this case the test room volume should be between
200 and 500 m3, and the sample dimension should be be-
tween 10 and 12 m2. If the room is larger than the conven-
tional 200 m3, the sample area should be increased by a
factor (V/200)2/3. However, even this method is not im-
mune from criticism. In fact, it is known to return results
that are not as accurate and repeatable as desired [13]. A
third option, particularly interesting when the object of the
measurement is very large or difficult to move into a rever-
berant chamber, might be represented by measuring ab-
sorption characteristics directly on-site [14, 15], but even
these methods present a number of limitations, particu-
larly when used indoors. So, the lack of a “perfect” ap-
proach explains why reverberation chamber measurements
are still preferred to characterize sound absorption.

The method relies on the measurement of reverberation
times with and without the sample to be tested, and on the
subsequent calculation of the sound absorption based on
the classical Sabine’s formula. As it is an indirect mea-
sure, the accuracy of the method largely depends on the
correctness of the formula used to relate absorption and
reverberation time, which normally means that the room
must be ergodic, mixing and weakly absorbing to ensure
the sound field to be sufficiently diffuse [16, 17]. For the
same purpose sample dimension should not be too large to
avoid further increasing uneven sound propagation. When
one, or more, of the above requirements are not met, as
in the present case, use of classical diffuse-field formulas
may result in large discrepancies between measured and
predicted reverberation time, consequently inducing sig-
nificant inaccuracy in sound absorption determination. So,
a fourth option may be considered. In fact, availability of
computerized geometrical acoustic simulation tools allows
modeling sound propagation in rooms by taking into ac-
count their actual behavior and the effect of the sample to
be tested. So, Benedetto and Spagnolo [18] suggested that,
even in a standard reverberant chamber, sound absorption
coefficients of materials could be determined with better
accuracy by properly modelling the test room, and obtain-
ing the absorption coefficients of the material by properly
matching the measured and simulated reverberation time.
This procedure has been successfully tested in several oc-
casions [2, 19], and it has received an even more refined
treatment based on an iterative least-mean squares opti-
mization [20]. So, taking advantage of the opportunity of-
fered by the geometrical acoustic approach, and consider-
ing the almost unique occasion to acoustically characterize

Figure 1. a) Detail of the tapestry (Courtesy of Fundación Carlos
Amberes, Madrid); b) View of one of the tapestries hung in the
Meadows Museum.

a historically relevant piece of tapestry, the results of the
measurements and the relative elaborations are presented
and discussed below.

2. Methods

2.1. The tapestries

The four Pastrana Tapestries, approximately 11 m by 3.5 m
each, were commissioned by Portugal’s King Alfonso
V (1432–1481) to celebrate and commemorate his con-
quests of Asilah and Tangier in the summer of 1471. The
tapestries were woven in Tournai workshops in the late
1400s. Their original intended location is now unknown,
though one scholar plausibly suggested Lisbon’s Paço dos
Estaus, built around 1450 to house the visiting foreign dig-
nitaries who would have been the natural audience for the
tapestries’ political message [21]. In 1664, the tapestries
were donated to the Collegiate Church of Our Lady of
the Assumption in Pastrana (Spain), where they are now
displayed in the church’s sacristy, which has become the
Museo Parroquial de Tapices de Pastrana.

Between 2008 and 2009 the tapestries were carefully
restored (as can be seen in Figure 1a) and prepared for
exhibition and travel by the firm De Wit and Sons, in Bel-
gium [10]. Each tapestry was cleaned, backed with a linen
lining, and fastened by means of velcro strips (fixed to its
top border) to a strip 30 cm high and 1.25 cm-thick, made
of medium density overlay, covering the whole length of
the tapestry and attached to the gallery wall. This tech-
nique of using a continuous Velcro strip adheres to mod-
ern standards of conservation, avoiding the “scalloping”
of a tapestry’s top edge caused by the stress from rings at-
tached to the textile and suspended from hooks on the wall,
the method most likely used historically. Whichever hang-
ing technique is used, as the tapestries’ yarns stretch and
contract at different rates and to different extents, there is
a fair amount of undulation, so that distance from the wall
likely ranged between 0 and 5 cm (Figure 1b).
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Figure 2. The installation of the Pastrana tapestries in the gallery at Meadows Museum.

2.2. The room

After the restoration work, the tapestries were shown
in several temporary exhibitions located in Europe and
United States. One of these exhibitions was held in Mead-
ows Museum in Dallas, which is part of the home institu-
tion of two of the authors, thus offering a unique occasion
to carry out the measurements. Tapestries were installed
each one on a different wall of a 17.7 m square gallery hav-
ing a 5.38 m ceiling (Figures 2 and 3). The walls are 2 cm
plywood behind 1.5 cm plasterboard and 1.5 cm sheetrock.
The floors are 1.25 cm wood tiles. The ceiling is made of
mineral fiber panels (USG Premier Nubby), 25 mm thick.
During measurement sessions all the doors were closed,
temperature was 21 ◦C and relative humidity was 46%. No
significant variations appeared between the sessions with
and without the tapestries installed. The overall room vol-
ume is 1685 m3, with a floor surface of 313 m2.

2.3. Measurement method

Measurements of the reverberation time of the room were
carried out according to ISO 3382-2 standard [22], us-
ing the survey method which is stated to be appropriate
for the assessment of the amount of the room absorption.
A computer-generated noise burst was emitted using two
Adam A7 speakers set 2.7 m apart and roughly 0.6 m in
front of a wall. The loudspeakers are not omni-directional,
but for the survey method this is not a mandatory require-
ment. All recordings were made using omnidirectional
microphones placed in front of the loudspeakers, beyond
the minimum distance required by the standard. Repeated
measurements were carried out and the resulting reverber-
ation time (T20) was calculated.

2.4. Determination of absorption coefficients

Under diffuse field conditions, determination of absorp-
tion coefficients can be carried out using the standard ap-

2m

B0
00 01

volume:1661m³ (approx.)

A0

Figure 3. Source (A0,B0) and receiver placement in the gallery
at Meadows Museum.

proach, by means of classical Sabine’s and Eyring’s for-
mulas. They can all be written in the form

T = 0.161
V

Sα + 4mV
, (1)

where V and S are the volume and the total surface area
of the room, respectively, m is the sound attenuation con-
stant of the air (which can be estimated using ISO standard
9613-1 [23]), and α is the “absorption exponent”.

Different absorption exponents can be used according to
the formulas to be applied. The most widely used formula
is that defined by Sabine, for which the absorption expo-
nent is simply the average absorption coefficient given by

αSab =
1
S

αiSi. (2)

An alternative formulation was proposed by Eyring, ac-
cording to which the reverberation time had to become
zero when the absorption exponent was set to unity, re-
sulting in the relation

αEyr = −ln(1 − αSab). (3)

This formula is often used in the presence of high absorp-
tion (ideally when αSab is larger than 0.1). Further varia-
tions of such formulas were proposed by other researchers
in the effort to better fit the actual conditions found in
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rooms, particularly when dealing with non-uniform dis-
tribution of sound absorption [24]. The formula has been
re-arranged also to fit a two-dimensional case, when one
surface is markedly more absorbing than others [25]. How-
ever, one of the best performing variations [26] was pro-
posed by Arau-Purchades [27], according to which the ab-
sorption exponent is given by

αArP = − ln(1 − αx)
Sx/S · − ln(1 − αy)

Sy/S

· [−ln(1 − αz)]Sz/S , (4)

where Sx is the ceiling plus the floor surface area, Sy is the
surface area of both side walls, and Sz is the surface area
of both end walls. In addition, αx, αy, and αz are the mean
absorption coefficients of the surface areas Sx, Sy and Sz.

In order to derive absorption coefficients according to
classical formulas, the absorption exponent is determined
for both the conditions with and without the sample (the
tapestries, in this case). The latter is used to obtain the
residual absorption (i.e. the absorption pertaining to the
room). The first, including the contribution of the sample,
is used to retrieve its absorption coefficient.

2.5. Determination of absorption coefficients using a
geometrical acoustic model of the room

As anticipated, in the present case the room could hardly
be considered as a reverberant test room, having a larger
volume, a regular shape, and a large sound absorbing ceil-
ing, causing uneven distribution of sound absorption un-
der empty conditions. Under these conditions an indi-
rect estimation of the absorption coefficients based on the
Benedetto and Spagnolo [18] method is the only possibil-
ity to get a reasonably accurate estimation of the absorp-
tion coefficients.

The method takes advantage of the potential offered by
computerized acoustic simulation carried out through ge-
ometrical acoustic (GA) models and requires a first cali-
bration of the “empty room” model, during which all the
acoustic parameters pertaining to room surfaces must be
defined. During this step, absorption and scattering coef-
ficients of surfaces must be adjusted so that the predicted
reverberation time matches the measured one. Once this
step is completed, the “sample” to be measured is added to
the model and its absorption and scattering coefficients are
adjusted until the predicted reverberation time matches the
one measured in the actual room with the samples inside.
Clearly, in order to be effective, the method requires an ac-
curate modelling of the actual room behaviour. The more
refined procedure proposed by Pelzer and Vorländer [20]
could not be implemented because it required measured
impulse responses (which were not available because the
room was excited by noise bursts), and because the ge-
ometrical acoustic tool did not provide access to the re-
quested information.

In the present case the commercial software CATT
Acoustic was used and the simulation was run using the
TUCT v. 1.0 engine [28]. Given the expected non-diffuse
behavior of the room, the so-called “Algorithm 2” was
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Figure 4. Reverberation times (T20) measured in the room with
and without tapestries.

used, as it ensured more accurate predictions of acoustic
parameters under critical conditions (mostly at the expense
of computation speed), and a significant drop in run-to-run
fluctuations due to random processes.

3. Results

3.1. Application of classical formulas

Results of the T20 measurements for both the empty room
and the one with tapestries are given in Figure 4. Signif-
icant differences appeared in the high frequency range,
while at low frequencies T20 values with and without
tapestries were more similar. In the empty room, despite
the large amount of absorbing materials located on the
ceiling the reverberation time remained rather long, con-
firming that lack of diffusion made that treatment largely
ineffective in agreement with the findings of Nilsson [29].
Application of the tapestries on the walls determined a
more even distribution of sound absorption, and an in-
creased diffusion due to scattering effects close to borders.
As a result, at high frequencies, a dramatic drop in T20 ap-
peared.

Following the above observations, the calculation of ab-
sorption coefficients according to classical formulas given
in Section 2.4 was carried out. Considering that textiles
are mostly transparent to sound at low frequencies (so that
the wall contributes to absorption even if covered), and
that at high frequency their absorption coefficient is cer-
tainly larger than that of the underlying wall, α values were
given with no correction for the covered area. The result-
ing Sabine’s absorption coefficients (αSab), were given in
Figure 5, and were very low below 500 Hz and then rapidly
rose to 1.2 at 2 kHz and above. At all frequencies, absorp-
tion values were higher than expected. At low frequencies
this might depend on the transmission through tapestries
which was not negligible in that frequency range. At high
frequencies, values of αSab greater than one appeared. This
characteristic usually happens when objects and samples
have exposed borders (like chairs and thick panels), but in
this case it was clearly a consequence of the non-diffuse
acoustic conditions as it will be demonstrated below.

958

Document downloaded by  @DAEL, 2026-05-22 17:08:44 - personal use only



Pon et al.: Non-diffuse absorption measurements ACTA ACUSTICA UNITED WITH ACUSTICA
Vol. 102 (2016)

As the tapestries covered a large area and, together with
the ceiling, introduced significant absorption in the room,
Eyring’s formula might be more appropriate to perform
calculations. In fact, the corresponding absorption coef-
ficients were lower than those previously calculated, but
they still remained rather high for a tapestry hung straight
close to a wall. So, a final calculation was carried out
using Arau-Purchades formula which should be able, at
least in principle, to account for inhomogeneous distribu-
tion of sound absorption. In this case, the formula requires
three different absorption coefficients, one for each Carte-
sian axis. Anyway, due to geometrical symmetry, in the
present case they reduced to two, one for the z-axis, in-
cluding floor and ceiling for which absorption coefficients
were taken for granted (see Table I and next Section for de-
tails), and one for vertical walls, for which α was derived
from the measured T20. The resulting values were simi-
lar to those previously obtained at low frequencies, while
they were lower in the higher frequency range. So, among
the three formulas considered, Arau-Purchades’ formula
at least managed to provide more realistic results, proving
its usefulness in environments with uneven distribution of
sound absorbing materials.

3.2. Application of the alternative method

Finally, the indirect method based on the GA simula-
tion was used, according to the procedure outlined in
Section 2.5. The finishing and materials of the different
surfaces were carefully analyzed in order to assign the
most suitable absorption coefficients during the simula-
tion. The absorption coefficients of the ceiling (which in-
cludes lighting and air conditioning inlets), were derived
from the technical specification of the product. The floor
and the doors were rather conventional and were conse-
quently assigned typical values taken from the literature
[6], with minimum adjustment to account for specific fea-
tures (and ease model calibration). The whole set of data is
given in Table I. Finally, walls had a multi-layer composi-
tion, resulting in a 5 cm thick panel which was assigned lit-
erature values of absorption coefficients corresponding to
a 5 cm thick wood, slightly reduced in the high frequency
range due to smooth finishing. However, absorption and
scattering coefficients of walls played a major role in de-
termining the acoustics of the room under unoccupied con-
ditions, and required a careful fine-tuning to avoid errors.

Initially, only absorption coefficients were modified,
while scattering coefficients were kept to 0.1 for all sur-
faces as it is typically recommended for flat surfaces[28].
However, a proper match with measured reverberation
times proved impossible even by minimizing absorption
coefficients at high frequencies. Conversely, at low fre-
quencies even using the initial literature values the agree-
ment was rather good. Thus, considering that previous ex-
perience with the same tool and with simplified geometries
showed that scattering coefficients as low as 0.1 were suffi-
cient to build up a diffuse field under evenly distributed ab-
sorption conditions [30], it was concluded that scattering
coefficients lower than 0.1 might be needed to take into ac-
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Figure 5. Absorption coefficients calculated according to differ-
ent methods.
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Figure 6. Reverberation times (T20) measured and simulated in
the room under bare walls conditions and using different scat-
tering coefficients for the walls. Error bars on measured values
correspond to JND.

count the flat and scarcely diffusing behavior of the walls.
In fact, as shown in Figure 6, increasing scattering coeffi-
cients to 0.15 further emphasized the effect of the ceiling
and caused T20 to systematically decrease, although by a
small amount. Clearly, under such conditions even assum-
ing perfectly rigid walls (α = 0), it was again impossible to
match measured values. Conversely, when scattering coef-
ficients were lowered to 0.05 over all frequencies, a much
larger increase was observed in T20, with a good agreement
at high frequencies, while things worsened in the low and
medium frequency range.

Now, at low frequencies the smaller vertical dimensions
of the room, combined with the presence of the doors, in-
creased diffraction effects (and consequently scattering co-
efficients), while such effects become less effective as the
frequency grows as the walls are large compared to wave-
length. A similar transition from a more diffuse behavior
at low frequencies and a more “bidimensional” behavior
is also considered by Tohiama and Suzuki [25]. So, the
above considerations combined with the results shown in
Figure 6, suggested to use scattering coefficients that de-
creased from 0.10 in the lowest bands (125 and 250 Hz) to
0.08 at medium frequencies, and finally to 0.05 at high fre-
quencies. The resulting agreement between measured and
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Table I. Summary of the absorption coefficients assigned to room surfaces based on their characteristics. 1: Reference [6], with small
adjustments (±0.02) to calibrate the model. 2: USG Ceiling System Catalog; values equal or greater than 1 were limited to 0.99.

Area [m2] 125Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz

Floor (wooden planks)1 313 0.04 0.04 0.03 0.03 0.03 0.02
Walls (5 cm wood)1 350 0.03 0.05 0.05 0.04 0.03 0.03
Wooden doors1 24 0.14 0.10 0.08 0.08 0.08 0.08
Ceiling2 313 0.54 0.53 0.91 0.99 0.99 0.99

simulated T20 is shown in Figure 6, with differences well
below JND.

When tapestries were added to the model, to keep into
account diffraction effects at borders of the tapestries and
the undulation of their surface, the corresponding scatter-
ing coefficients were set to 0.10 at all frequencies. The
resulting absorption coefficients (Figure 5) were in good
agreement with those calculated using classical formu-
las at low frequencies, while they decreased significantly
at high frequencies in agreement with the expectations
related to the non-diffuse behavior of the room under
“empty” conditions. In fact, reverberation was dominated
by the slowly decaying reflections bouncing between ver-
tical walls, while reflections impinging on the absorb-
ing ceiling vanished rapidly. Conversely, when walls were
covered by tapestries, the evenly distributed absorption
made the sound propagate according to more diffuse con-
ditions. So, in the light of the above considerations, taking
into account all the limitations that affected the measure-
ments, and in comparison with values obtained from clas-
sical formulas, absorption coefficients resulting from the
GA model could be considered as the best approximation
of real values.

4. Comparison between measured and the-
oretical absorption values

In order to validate the results of the absorption coeffi-
cients obtained by means GA modelling, having no “ref-
erence” measured values, it was interesting to compare
them at least with theoretical values. In fact, tapestries are
porous materials whose acoustic behavior can be predicted
with reasonable accuracy at least under ideal conditions
(no drapes, constant distance from wall, etc.). A summary
of the theory used to get such values can be found in [6, 7].
It can be reminded here that according to Kuttruff [7] for
very thin layers of porous absorbers, like curtains, when
the fabric has a finite mass and can be supposed to vibrate
as a whole, its characteristic impedance can be expressed
as a simple function of flow resistance (σs), surface mass
(m), and angular frequency (ω = 2πf ),

Zr =
1
σs

+
1

jωm

−1

. (5)

However, for curtains and textiles, the largest contribu-
tion to sound absorption derives from the air gap between
the material and the rigid wall behind it. In this case the

impedance of the air gap depends on its thickness (d), on
the wave number in air (k = ω/c0), and on characteristic
impedance of air (Z0 = ρc0), with c0 being sound speed
in air and ρ its density,

Z � = −jZ0 cot kd . (6)

The resulting impedance Zs is consequently obtained as
the sum of the above terms, taking into account that in
case of oblique incidence a dependence on the angle also
appears. Once the impedance of the layer has been deter-
mined its reflection factor can be calculated as

R =
Zs −Z0

Zs +Z0
, (7)

and the absorption coefficient is finally given by α =
1 − R2. Given the angular dependence, under diffuse field
conditions an average over all the possible incidence an-
gles is needed.

In the present case the tapestries have an average thick-
ness of about 3 mm, with small variations due to weav-
ing. Their surface mass and flow resistance were not di-
rectly measurable, so they were estimated by compari-
son from visual inspection of the samples and consulta-
tions with textile conservators, and assumed respectively
equal to 800 g/m2 and 600 Pa·s/m. In order to take into
account the uncertainties resulting from this estimation,
absorption coefficients were calculated for all the possi-
ble combinations of the above parameters assuming vari-
ations of ±20%. Figure 7a shows the absorption coeffi-
cients calculated using different distances from the wall
under a perfectly diffuse sound field. Variations due to un-
certainties were larger at higher frequencies and smaller
distances from walls, with absolute differences rarely ex-
ceeding 0.05. However, the largest differences appeared as
a function of distance from wall, with values estimated
using GA model closer to the curves corresponding to
farthest distances, and particularly to the values at 2 cm.
When predicted values were averaged over the different
distances from the wall (Figure 7b), the measured values
obtained from the GA model were in good agreement with
the both the averages calculated over the largest distances,
with absolute differences usually below 0.05.

Considering the approximations introduced in the the-
oretical model due to limited knowledge about the actual
characteristics of the Pastrana tapestries (the effect of the
back lining was not taken into account at this stage), the
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Figure 7. Absorption coefficients measured and predicted according to theoretical model. a) Theoretical values calculated for diffuse
sound field as a function of different distances from wall. Shaded areas correspond to variations due to a ±20% uncertainty in input
parameters. b) Theoretical values calculated for diffuse sound field averaged over different distances from wall.
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Figure 8. Reverberation times (T20) measured and simulated in
the room using different combinations of theoretically deter-
mined absorption coefficients (as given in Figure 7). Error bars
on measured values correspond to JND.

above results showed significant agreement with those de-
rived from GA model. This suggests, on one side, that de-
spite the difficult environment the use of GA model al-
lows overcoming most of the limitations related to using
classical formulas, yielding values that are consistent with
theoretical values. On the other side, when the measured
absorption coefficients are not available, but the physi-
cal properties of the tapestries and their mounting condi-
tions are known with sufficient detail, theoretical models
may offer a good alternative to using experimental values
which may not fit the actual characteristics, with drapes
and mounting conditions representing the main source for
discrepancies.

In order to perform a final check of this latter hypothe-
sis, the reverberation times of the room were recalculated
using the same GA model and assigning the tapestries the
absorption coefficients obtained from theoretical models
and shown in Figure 7. The results are given in Figure 8
and confirmed that the use of specific values of the dis-
tance between absorbent material and wall generally de-
termined large errors. In particular, assuming a distance
of just 0.5 cm resulted in a significant overestimation of

the values over all the frequency bands. Conversely, as-
suming a distance of 4 cm resulted in underestimation at
low frequencies, while performance was good in other oc-
tave bands. Averaging the absorption coefficients calcu-
lated at different distances yielded the best results, partic-
ularly when the values at 0.5 cm were not included in the
average. In such cases the maximum error never exceeded
10%, which can be considered an acceptable result in a
blind test without any calibration. So, in order to get a rea-
sonable estimate of absorption coefficients and, hence, of
reverberation times, when using prediction formulae, even
the amount and shape of the drapes (and consequently the
distance from wall) needs to be determined with good ac-
curacy. In any case, averaging the absorption coefficients
calculated at different distances from rigid wall helps min-
imizing the errors.

5. Conclusions

The paper took into account a set of measurements of re-
verberation time in the same room with and without the
unique “Pastrana” tapestries, exploring the possibility to
determine their absorption coefficients despite the fact that
the measurements were carried out in a room that was far
from ideal for standardized procedures. In fact, use of clas-
sical formulas yielded clearly inaccurate results because
of the non diffuse behavior of the empty room. However,
absorption coefficients derived from a GA model showed
more realistic values. As it was not possible to compare
such values with more accurately determined experimental
data, theoretical values were determined based on physical
characteristics of the tapestries, showing substantial agree-
ment. Thus, use of a GA model to indirectly determine ab-
sorption coefficients proved effective to overcome the sig-
nificant limitations of the room used for the measurements.
In addition, if the room characteristics are properly mod-
elled this method allows the user to actually get the ab-
sorption coefficient of the sample to be tested, minimizing
the room effect and hence generalize the results. Finally,
this approach may be very useful when measuring absorp-
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tion coefficients of samples that could hardly be moved to
a standard test room or cut into pieces to fit into a standing
wave tube.
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