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In connection with the refurbishment of a local church, the possibility of introducing variable acoustic 
elements via slat curtains was considered. Information of absorption characteristics of slat curtains in 
different configurations is very sparse, so prototypes of porous slat curtains were measured in a 
reverberation room according to ISO 354. The slats were constructed from a porous non-woven absorption 
material with a thickness of 2.5 mm and a width of 16 cm. They were mounted in a standard slat curtain 
rail allowing for varying angles and retraction of the slats. A curtain section of 3 x 4 meters was mounted 
on a wall. The angle of the slats could be varied in steps from 0 degrees (fully closed and comparable to a 
stretched-out curtain) to 90 degrees (fully open and corresponding to a series of thin vertical acoustic 
baffles). Furthermore, the curtain can be retracted. In the case of a full retraction, the slats are forming a 
coherent volume of absorption material with virtually no gaps between the individual slats. When retracted 
partly, a number of the slats are in open configuration, and the retracted part forms a coherent volume. 
Results are presented as absorption coefficients and/or equivalent absorption areas for a variety of 
configurations varying the distance to the wall, the angle of the slats and the amount of retraction.  

1 Introduction 

Variable or adjustable acoustics is often associated with multi-purpose lecture rooms or concert halls. See e.g. [1, 2, 3]. 
Adjustable elements are seen in many different shapes and sized, but often when it comes to passive (non-electronic 
solutions) an adjustment of “visible” porous material is utilized. A common solution is flat or preferably folded curtains 
combined with low frequency absorbers to cover the frequency range where typical thin, porous absorbers don’t provide 
enough absorption. 
The acoustics of Worship spaces often receive less attention [4], and at least in a Danish setting, many of the churches 
are quite old, and the musical use of the rooms has changed from classical organ music accompanying psalm singing by 
the congregation to also including concerts of rhythmic music. This is the situation for the present case which is a church 
room formed like a Greek cross with very little and asymmetrical positioned absorption resulting in a long reverberation 
time that changes somewhat with position. 
While considering furniture and building elements that would allow for variable or adjustable acoustics, the use of curtains 
as one of more elements was discussed. From a visual aesthetic point of view the use of slat curtains or vertical blinds 
was preferred, since this would also allow for the curtains to be utilized as normal window blinds partly or fully reducing 
incoming sunlight from very large windows.  
A solution with slats made of a thin, porous sound absorbing material was investigated. Since information on absorption 
characteristics of slat curtains in different configurations was found to be very sparse, prototypes were constructed, and 
sound absorption was measured in a reverberation room setup. Due to the specific use-case, size and shape of the curtains 
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was primarily guided by practical circumstances, but it was possible to introduce sufficient variations in the individual 
measurements to allow for data collection that we believe to be of more general interest. 

2 Materials and methods 

2.1 Curtains 

The curtains were constructed of 16 cm wide slats with a length of 3 m. The material was a porous non-woven (felt like) 
material with a thickness of 2.5 mm, a maximum mass per unit area of 450 g/m2 [5]. 
The slats were mounted on a standard slat curtain rail allowing for varying angles and retractions of the slats. With a full 
extracted curtain, the inter-slat-distance was 11.0 cm. The rail had a length of 413 cm, with the outmost mounting fittings 
8 cm from the ends of the rail resulting in a width of 413 cm of the closed curtain if the slats are hanging in a straight 
vertical position. With 11 cm distance and a slat-width of 16 cm there is a 5 cm overlay in the closed setting. This results 
in 45% of the material area being overlays and thus in principle also having double thickness, although in practice often 
also with airgaps of a few millimetres between the overlayed materials. 
The area of “covered” wall is 12.4 m2 in the closed setting and 11.91 m2 in the open setting. 
A second version with double thickness of the slats was constructed by point-gluing the slats along the edges with 
approximately 5 cm distance between the glue points. Only 25 of the double slats were available, allowing for a covered 
wall area of 8.4 m2 in the closed setting and 7.92 m2 in the open setting.  
Due to the softness of the material, it should ideally be mounted with weights in the bottom to stretch out the slats in the 
vertical direction. However, no weights were available, so the slats would wrinkle a bit. To account for this, large visible 
wrinkles were straightened by hand. The wrinkling also means that actual measures of the setup are best approximations 
or averages judged by the authors. An example of the single slat curtain in full extraction and retraction is shown below 
in Figure 1. 
 

 

2.2 Laboratory and equipment 

Measurements were made in the reverberation room at Aalborg University, Department of Electronic Systems. The room 
has a volume of 198.5 m3 and is equipped with plate diffusers. 

Figure 1: Single layer slat curtain. Left: Open and fully extracted. Middle: Closed and fully extracted. Right: fully retracted. 
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Measurement signals were fed through a USB to ADAT interface to an 8 channel (in/out) audio interface followed by a 
stereo amplifier with 2 PA loudspeakers (Electro-Voice S200). The loudspeakers were positioned close to room corners 
pointing upwards into the corners, and measurements were performed consecutively with the two speakers. 
6 measurement microphones (½ inch) were positioned according to ISO 354:2003 [6], and signal acquisition was made 
concurrently through individual channels of the audio interface. 
Measurements were conducted from an adjacent control room. Loudspeakers, amplifier, audio interface and microphones 
were positioned in the reverberation room. Signal connections between control room and reverberation room were optical. 
Environmental conditions – temperature and relative humidity – was monitored throughout the measurement campaign. 
 

2.3 Measurements  

The measurements were based on ISO 354:2003 [6] with a few deviations due to practicalities. 
The curtains were mounted at two separate distances from the back wall, with the mounting rail at distances of 15 and 25 
cm from the back wall – measured perpendicular between the wall and the center of the rail. The distances were chosen 
to approximate the installation in the mentioned case.  
For the two rail-to-wall distances, several measurements were made varying either the angle of the slats or the retraction. 
The angle could be varied from fully closed (named 0°) to fully open (90°). The angles are relative to the back wall. The 
angle for the closed slats is not quite 0° due to the overlap of the slats in the closed position. In addition to the variation 
of angles, a measurement session was also made, where the angels were indirectly measured as the average opening width 
between slats (measured perpendicular to the slats). The adjustment of angles and openings are prone to some uncertainty 
due to individual wrinkling of the slats. A best “average by eye” was made against either an angular scale or a folding 
rule. 
The retraction mechanism works in a way that the slat in one end is pulled with wires, and that slat pushes the rest of the 
slats consecutively so that one opening (slat to slat) is closed at a time with the rest keeping the original opening distances. 
When the curtain is fully retracted, it makes up a coherent volume of curtain material. 
The inter-slat distance was also varied by moving the slat fittings individually by hand. 
Different angles and retractions are seen in Figure 2. 
 

 
Data was collected as impulse responses measured using the swept sine technique implemented via the Impulse Response 
Measurer app in MATLAB. Post processing included one-third-octave band filtering at centre frequencies from 100 Hz 
to 5 kHz with filters complying to IEC 61260-1 specifications [7]. 
The calculation of equivalent sound absorption areas and absorption coefficients (α) were made according to ISO 354 as 
follows [6]: The filtered impulse responses were squared and backward integrated as specified and the reverberation times 
were determined based on a least-squares-fit line in an evaluation range from -5 to -25 dB (T20). The equivalent sound 
absorption area for a test specimen At was found by subtracting the equivalent sound absorption area, A1, of the empty 

Figure 2: Slat curtains in reverberation room. From the left: 1) Little opening. 2) 45° opening. 3) Closed (0°). 4) Fully open (90°) 
halfway retracted. 
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reverberation room from the equivalent sound absorption area, A2, of the reverberation room containing the test specimen. 
A1 and A2 are found according to the following formula for the empty and equipped room respectively. 𝐴௡ ൌ 55.3 𝑉𝑐𝑇௡ െ 4𝑉𝑚௡    ,𝑛 ∈ ሼ1,2ሽ    ሾ𝑚ଶሿ 𝑐௡ ൌ 331 ൅ 0.6𝑡௡ , ቂ𝑚𝑠 ቃ        𝑓𝑜𝑟 𝑡 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 15 𝑎𝑛𝑑 30 ℃ 

where V is the volume of the room. Tn is the measured reverberation time in the two situations, m is a power attenuation 
coefficient depending on the climate conditions in the room and t is the room temperature. 
In the case of constant climate conditions for situation 1 and 2 the last part of the formula cancels out when subtracting 
A1 from A2. For further information, see ISO 354 [6]. 
Absorption coefficients (α) are calculated by dividing At with the area (in m2) of the test specimen [6]. This area is, 
however, not always uniquely determined e.g. in the case of the slat curtains in different configurations. In the closed 
setting the length and width can be measured in a straightforward manner, but when the slats are turned into an oblique 
angle the measure of width is debatable, also because of the overlay between adjacent slats. For practical reasons the areas 
used when calculating α are based on the length of the slats and the width in the open setting i.e. the distance between the 
mounting points of the outermost slats. 

3 Results 

The temperature was stable at 20 °C throughout the measurement period. Relative humidity was stable between 46 and 
48 % relative humidity - so climate conditions were considered constant. Background noise level allowed T20 
determination. The presented results are a subset of a larger dataset. 
  
Figure 3 shows absorption coefficients for the 90° (fully open) curtain 25 cm from the back wall. Absorption coefficients 
are below 0.1 at the lowest frequencies and raising almost monotonically towards 0.8 at the highest frequencies. A small 
dip is observed at 250 Hz and a plateu around 2 kHz. 
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Figure 3: Absorption coefficients of open (90°) slat curtain at 25 cm from the back wall. Four non-consecutive 
repetitions with re-adjustment of the angle. 
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4 individual non-consecutive measurements of the same setting is shown (other angles were measured in-between). The 
largest span in α between repetitions is found at the highest frequencies with a variation of approximately ±0.01.  
 
Figure 4 shows the absorption coefficients for the closed curtain setting at two different wall distances (15 and 25 cm). 
In general, α is increasing for increasing frequencies. A pattern is observed in the mid-frequencies with a top around 500 
Hz and a dip around 800 Hz for the 25 cm distance and a top around 800 Hz and a dip around 1.25 kHz for the 15 cm 
distance.  
 

 
Measurements of varying slat angles are shown in Figure 5. The measurements are made with a 25 cm distance to the 
wall, so the 0° curve is identical to the 25 cm curve from Figure 4, and the 90° curve is identical to one of the curves in 
Figure 3. The different angular settings have the same α at the lowest 3 frequency bands. The 45° setting is showing a 
pattern somewhat similar to the 0° setting but with lower α below 800 Hz and higher between 800 Hz and 2.5 kHz after 
which the graphs cross again. Results from the full dataset with more intermediate angles (not shown here) confirms a 
gradual change in the shape of the graphs from the 0°-curve to the 90°-curve. 
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Figure 4: Absorption coefficients of closed slat curtains (0°) at 15 and 25 cm from back wall.  
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Different retractions of the curtains were measured. Full retraction of the curtains is only possible with the slats in the 
open configuration, so a 90° angle was chosen. Figure 6 shows the absorption coefficient as result of the different 
retractions. The uppermost graph is identical to one of the graphs in Figure 3. With 37 slats in the curtain, there is 36 
openings between slats in this setting. Retracting the curtain fully results in 0 openings. So, a half retraction with 18 
openings was selected to have the midpoint between the other two. This means that 19 slats are forming a coherent volume 
in one end of the curtain. For comparison, the average α-values of the fully open and fully retracted curtain are plotted as 
a dashed curve seen just below the graph of the 18 openings. The largest difference between the 18 opening setting and 
the average is 0.031 found at 4 kHz. 
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Figure 5: Absorption coefficients of slat curtains 25 cm from back wall. Three different slat angles. 
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To evaluate the influence of the slat distance, two additional setups were made in which the distance between the slats in 
the open 90° position was reduced from 11 cm to 9.9 cm and 7.0 cm respectively. The amount of material in the room is 
the same, but as seen in Figure 7 the equivalent absorption area reduces with reduced distance. The overall shape of the 
curves appears the same, but the equivalent absorption area reduces by approximately 0.6 m2 at 200 Hz up to around 2.4 
m2 at 5 kHz when reducing the distance from 11 to 7 cm. However, when calculating α, the width of the curtain also 
decreases from 397 cm to 252 cm which, when considered, results in the absorption coefficients shown in Figure 8. 
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Figure 6: Absorption coefficients of open (0°) slat curtain 25 cm from back wall. Gradual retraction from fully 
extracted (36 openings) to fully retracted (0 openings). Halfway closed is shown together with the mean value 
(dashed line) of fully extracted and fully retracted. 
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Figure 7: Equivalent absorption area of 37 slats in open configuration (90°) with different spacing. Curtain 
mounted 15 cm from back wall. 
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Figure 8: The same data as Figure 7, but calculated as absorption coefficients based on the actual widths of 
the 3 configurations. 
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Figure 9 shows two other variations of the curtain configuration. At 15 cm distance to the back wall, the slat angle is 
varied in the same way as for the 25 cm case in Figure 5 (full lines). On top of that the same slat angles are shown for 
double-layer slats (dashed lines). For single- and double-layer slats the graphs for a given angle show the same trends, 
with the double-layer slats having higher absorption coefficients than the single-layer slats. For all the open configurations 
(slat angle > 0°), the curves are intersecting at 250 Hz with α ≈ 0.2. 
 
 

 

4 Discussion 

In general, the curtains show very little absorption below a few hundred Hz as would be expected for a thin, porous 
material. 
Closed curtains (0°) show an absorption pattern similar to stretched fabric curtains with varied peaks and dips depending 
on the distance to the back wall in correspondence with data found in e.g. [8] and [9]. 
These patterns gradually disappear as the angles of the slats are changed towards an open curtain and especially the 
midfrequency absorption is substantially reduced as seen in Figure 5 and Figure 9.  
Retracting the curtains gradually decreases the absorption as seen in Figure 6, and it appears that the number of openings 
between slats might be a good estimate of the absorption of intermediate retractions since the average of fully extracted 
and retracted setting is very close to the measured half-retracted curtain. 
Reducing the spacing between the slats results in a reduced equivalent absorption area. Taking the curtain area into 
account when calculating the absorption coefficient reveals an increase in α for the reduced spacing which is logically 
arising from the increase in material mass per area. 
Changing to double-layer slats (i.e. double thickness) reveals the same overall patterns as for the single-layer slats (see 
Figure 9) but with a general higher absorption that is more pronounced the higher the frequency. Interestingly all the open 
slat configurations (45° and 90°, single- and double-layer) intersects at 250 Hz with α ≈ 0.2.  
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Figure 9: Absorption coefficients of slat curtains 15 cm from back wall. Three different angles. Single- and 
double-layer slats. 
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5 Future work 

Only parts of the measurements have been processed and reported in this paper, and there appears to be interesting 
comparisons still to be investigated. This might lead to possibilities of the proposal of a model, that can be implemented 
in room simulation software. 
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