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ABSTRACT 
 

The present time of most music pre-production and production is often carried out in very small, privately owned, 

rooms, which are called ‘project studios’.  

Gypsum board technology is very common in the construction of these rooms because of high insulation capabilities 

compared to low monetary and time costs.  The article discusses sweet spot impulse response measurements that 

have been carried out in 3 different but acoustically small rooms built with gypsum board sound insulating structures 

comparing it to a masonry built one. The room modal behavior is underlined, continuing with the analysis of 

decaying in time at low frequencies related to insights on perception and analysis. A different methodology of study 

is proposed. 

 

1.  INTRODUCTION. 

The music production world has changed in many ways 

in the last 10 years: one of the most puzzling aspects 

from an acoustician’s point of view is the fact that big, 

well designed facilities now struggle to survive and 

often actually go out of business.  

For numerous, well known, reasons many musicians 

now tend to carry most of the first production stages 

into small, often private, studios. In some countries like 

Italy it has become the only course to reach full-scale 

distribution in modern musical genres and many albums  

are distributed with little changes from these low-budget 

creations, even top-ten musicians produce part of their 

creations in such rooms. 

This article starts an acoustical enquiry in the vast world 

of small facilities bringing some selected examples. It 

discusses the dominating physical phenomena from the 

study of  sweet spot impulse response measurements, 

starting from the low frequencies. It is a photography of 

a widespread reality that should help continue research 

in solving practical problems. A new methodology of 

measurement analysis is proposed and used to 

demonstrate its utility. 
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2.  DESCRIPTION OF THE PROJECT 
STUDIOS. 

2.1. General characteristics. 

After a 5 years’ observation in the field the authors 

noticed that Italian project studios typically have very 

small monitoring rooms, both from a spatial and an 

acoustical point of view: they range from about 8 to 25 

m
2
 in floor surface, with dimensions and volumes that 

are well inferior than recommended ones from literature 

for the use [1] .   

In the reproduction chain it is common to find one or 

two pairs of nearfield monitors and no subwoofer at all, 

this means that only frequencies from about 38 - 45 Hz 

are actually reproduced depending on the monitor 

model (all the main monitoring loudspeaker brands 

were found during the survey). 

These rooms are used mainly for mixing and editing and 

the sound engineer often works side by side with the 

musician or the producer as has always happened in 

larger facilities.  

It has been noticed that the same situations can also be 

found in commercial radio stations, where floor space is 

a strong economic constraint when planning  a new site 

or upgrading an existing one. 

Modal behaviour is strong in these spaces and often the 

acoustical treatment for low frequencies is poorly 

considered, preferring a typical 5 cm sound-resistive 

treatment (based on polyurethane, polyester fibre or 

melamine).  Since space is limited treatments are often 

modular and not thick. 

2.2. The selected monitoring rooms. 

Four studios have been selected for the present study 

because they well represent the ones measured during 

the authors’ work as consultants for sound engineers 

and because of their regular shape. 

Three of them have gypsum board interior walls and 

one has plastered masonry walls. They were defined 

TA, AT, CC, TO  to respect the owners’ privacy.  They 

all have a regular shoe-box shape and a good 

geometrical symmetry of the stereophonic listening 

triangle, of the acoustical treatment and furniture 

disposition respect to the room longitudinal axis (a 

general example is drawn in figure 1). 

 

Figure 1. 

All of the rooms have been dimensioned aiming at the 

maximum floor area and with strong geometrical 

limitations from the existing spaces  they were built 

into. Hence their dimensional proportions do not 

conform to outside recommended ones from literature 

(see for example [2]).  

The sweet spot has been measured in the situation used 

by each studios’ sound engineers (geometry, desk and 

furniture distribution) before any optimization was 

carried out. A short description of the four rooms 

follows: 

- TA is more of an editing booth: dimensions of 

2.41 x 2.8 x 2.2 m, a floor area of 6.8 m2, a 

volume of 15 m3, the nearfield monitors are set 

86 cm from the front wall, it had no acoustical 

treatment when measured. The sound 

insulating counter-walls are made by a one 

gypsum board plus a mineralized wood board 

on a single 50 mm metal structure. The room 

was measured without any furniture but the 

desk; 

- AT is larger: dimensions of 3.41 x 5.17 x 2.66 

m, a floor area of 17.6 m2, a volume of 46.9 

m3, the two nearfield monitor pairs are set 53 

and 63 cm from the front wall, it had a 

symmetrical acoustical treatment when 

measured with mostly 15 cm thick sound 

resistive materials, The sound insulating 

counter-walls are made by a triple gypsum 



Rizzi and Nastasi  
 

Small studio with gypsum board

 

AES 124th Convention, Amsterdam, The Netherlands, 2008 May  17–20 

Page 3 of 10 

board on a single 50 mm metal structure . The 

room had furniture (desk, racks, computers, 

slat absorbers) when measured; 

- CC is the largest room of the four: dimensions 

of 4.09 x 5.86 x 3.2 m, a floor area of 24 m2, a 

volume of 76.7 m3, the main nearfield monitor 

pair is set 133 cm from the front wall, it had a 

symmetrical acoustical treatment when 

measured with mostly 15 cm thick sound 

resistive materials. The sound insulating 

counter-walls are made by a double gypsum 

board on a single 50 mm metal structure. The 

room was not empty when measured and had 

low frequency treatment (slat resonators, angle 

resistive absorbers); 

- TO is the room with no gypsum board sound 

insulation: dimensions of 3.79 x 3.57 x 2.88 m, 

a floor area of 13.5 m2, a volume of 39 m3, the 

nearfield monitors are set 60 cm from the front 

wall, it had no acoustical treatment when 

measured. The walls are made of typical semi-

hollow 24 cm and 8 cm plastered bricks with 

no counter-walls. This room detaches from the 

typical shoe box shape because it has a short 

access corridor, it has also a large window on 

the front wall. The room was measured without 

any furniture but the desk and a sofa behind the 

listener (a schematic drawing in the next 

figure). 

 

Figure 2. 

3. MAIN PHYSICAL PHENOMENA AT LOW 
FREQUENCIES. 

As stated at the beginning the present study focuses on 

the low frequencies, in the next paragraphs some of the 

main physical phenomena in this band will be 

discussed. 

3.1. Gypsum sound insulation and 
absorption. 

Gypsum board technology is much preferred for sound 

insulation, both for wall, ceiling or counter-wall and 

counter-ceiling construction. The techniques vary in the 

details, but always allow a fast assembly with much 

lower temporal and economic costs than traditional 

masonry construction. The general rule that was found 

in this study has been the use of sound absorbing rock 

wool mats in the counter-walls cavities and the use of at 

least a double layer of boards. 

Well established laboratory measurements (from all of 

the main gypsum board producers) determined a sound 

insulating power Rw [3] superior than 60 dB for 

independent double metal structure – four gypsum-

board assemblies (2 boards per side).  

Gypsum board counter-walls also give a drastic 

improvement to existing structures sound insulation, 

with ∆R values close to 10 dB or above (see EN 12354 

for an analytic description of the physical  phenomena 

[4]). 

Studying the sound absorption of gypsum board 

assemblies, Bradley [5] demonstrated a higher value at 

the mass-air-mass resonance, showing the validity of the 

empirical formula: 

][1362
21

21 Hz
mmd

mm
f MAM ⋅⋅

+
=       (1) 

where d is the gap space in millimeters and m1 and m2 

the two layers density in kilograms per square meter. 

This formula is quite similar to the EN 12354-1 one for 

counter-walls, and to classic membrane sound absorber 

resonant frequency when m1 is very large compared to 

m2.  

Bradley also demonstrated from repeated measurements 

how the gypsum assembly sound absorption quickly 
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decreases above the resonance frequency and how it is 

poor for more massive and rigid assemblies. All of his 

study was carried out in third-octave bands. 

The three rooms described in par. 2.2, have a 

composite-panel layer surface density between 24 (TA) 

and 41 Kg/m2 (AT) which leads to mass-air-mass 

resonance frequencies between 28 and 34 Hz, below the 

near-field loudspeakers radiation low-cut frequency. 

3.2. Modal resonances. 

When sound wave-length is arithmetically related to the 

room dimensions, reflections tend to resonate with 

direct sound and sound energy distributes in fixed 

spatial regions: the phenomenon is well known as 

‘standing wave’ and physically described through the 

modes of resonance (for a thorough discussion see 

Kuttruff [6]) 

In shoe-box shaped rooms the resonant frequencies 

(eigen-frequencies) can be calculated by: 
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Where c is the speed of sound, nx, ny, nz are non-

negative integer numbers and Lx, Ly, Lz are the room 

dimensions. 

The resonances are often named after their integer 

sequence (nx, ny, nz): they are called axial when they 

involve just two surfaces (one dimension, only one 

number is greater than zero, i.e. 010, 200, 001), they are 

called tangential when they involve four surfaces (two 

dimensions, two numbers are greater than zero, i.e. 110, 

203) and oblique when they involve all of the 6 room 

surfaces. 

Source and receiver positions influence their ability to 

radiate or receive sonic energy: if the sound source is 

physically set in a spatial maximum of a standing wave 

(anti-node) it will very easily radiate the relative 

frequency, instead, it will find very hard to emit the 

same frequency if it is located close to a spatial 

minimum (node) because of poor coupling as it is 

pictured in the next figure. The same phenomenon will 

influence the receiver (a microphone or our ears). 

 

Figure 3. 

Small rooms’ low frequency response is never diffuse 

and is generally modeled as the summation of modal 

resonances,  one common version is:  
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where r0 is the source location and r is the receiver 

location, Qvel is the point source velocity and δn is the n-

th mode damping. If damping is not too high the spatial 

shape functions can be approximated by the product of 

three cosines: 
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Receiver and source positions have hence a key role in 

shaping the system frequency response because the 

relative maxima and minima will change due to the 

changing role of each mode in the summation. 

The amount of damping to each mode can be inferred at 

first analysis by looking at  its resonant peaks, the Q 

factor in the frequency domain is defined as the ratio 

between the resonant frequency and its –3 dB 

bandwidth: 

f

f
Q

∆
= 0

   (5) 
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Undamped resonances will resonate strongly in time 

and will be well defined in the spectrum as sharp peaks. 

Damped resonances will tend to blend with neighboring 

ones. 

3.3. Sound decay at low frequencies. 

Reverberation time looses significance at low 

frequencies (the sound-field does not offer equi-

probability of arrival and is not Sabinian), hence decay 

analysis studies the behaviour of each mode. 

Each of them has a decay time that is directly related to 

the room damping at their modal frequency. Just as 

happens with spectrum amplitude the decay time will be 

univocally related to a single mode if its Q factor is 

large (low damping, narrow peaks in frequency, long 

decay time), it will be influenced by superposition of 

different modes when they are close in frequency and 

their Q factor is small. 

For high Q values, Q can be defined as the number of 

cycles needed to decay e
2π

 times from the stationary 

value [12], a common interpretation of this defines also 

a 60 dB modal decay time [13] as: 

0

2.2

f

Q
T = [sec]      (6) 

3.4. Diffraction. 

Diffraction of sound waves around solid objects 

describes interaction between sound and physical 

objects at low and mid frequencies. One of the authors, 

together with another Italian research team, showed the 

well known rule of the λ/4 limit of definite interaction 

between sound and objects by studying sound diffusion 

[7], stating that sound diffraction is measurable as the 

extension of sound diffusion at low frequencies, when 

observed from the AES 4-id standard point of view. 

As standing waves exist for wavelengths comparable to 

the room dimensions, sound diffraction modifies the 

room’s sound-field starting at wavelengths comparable 

to the largest objects’ geometrical dimensions. 

This consideration allows us to say that the modal 

frequency band is limited above by the modifications 

due to furniture, people and large objects in the room. 

Diffraction is one of the first reasons of change from 

modal behaviour and begins as low as in the 250 Hz 

octave band (i.e. a 2 meters-wide desk translates into 

f(λ) = 172 Hz and f(λ/4) = 688 Hz). 

This phenomenon overlaps with the Schroeder 

frequency limit [6], which often poorly matches the 

measurements results in the rooms under study: the 

topic deserves more investigation and will not be 

discussed in the article. 

4. MEASUREMENTS AND PROCESSING. 

4.1. General setup. 

Measurements have been carried out with one B&K 

4188 microphone, an Edirol FA 66 Firewire sound 

board, using the logarithmic sound sweep [8] technique, 

the post processing was done deconvolving through 

Aurora [9] based on Audobe Audition and analyzing 

with Matlab specifically designed subroutines.   The 

sine-sweeps have been sampled with fs= 48000 Hz and 

16 bit, they were limited from 40 to 10000 Hz.  

The room impulse response have been windowed at a 

0.5 second length, obtaining  an FFT frequency 

resolution (df) of 2 Hz.  Within this 4 sample room 

study, 6 monitor pairs have been studied, with a total of 

18 measurements (left channel, right channel, both 

channels). 

All of the sound sources, the nearfield loudspeakers, are 

almost omnidirectional in the first third octave bands (± 

3 dB maximum declared variation in the 50, 63, 100, 

125 Hz bands). 

4.2. EFT curves processing and Q 
measurement. 

Since the 1980s EFT curves have been used as a device 

to plot and see temporal behaviour of decay at different 

frequencies, the most common method to obtain the plot 

is by transforming the results of a time-sliding window 

on the room impulse response and develop a surface 

figure by juxtaposing the spectra. 

An alternative way to obtain these curves is orthogonal 

and is inspired by Sabine’s first studies with the 

portable organ pipe: by convolving the sweet spot 

impulse response with a train of pure tone bursts, Farina 

et al. [10] evolved preceding research [11, 12]. They 

defined a parameter called articulation, as a valid 



Rizzi and Nastasi  
 

Small studio with gypsum board

 

AES 124th Convention, Amsterdam, The Netherlands, 2008 May  17–20 

Page 6 of 10 

alternative method to measure decay, which is the 

amount of energy decayed in 66 msec. 

The result of a modification of these researches’ 

sonographs is an EFT curve that has a much sharper 

frequency resolution. 

600 msec long pure-sine bursts were used to obtain the 

EFT graphs: this duration was decided to avoid 

influence of the opening circuit transient and to allow to 

reach steady state, so as to study the decay phenomenon 

(the closing circuit transient) by itself.    The next 

figures  show all the convolved bursts, plotted 

overlapped for the TA room. It is clear how the 250 

msec bursts don’t reach the steady state (figure 4a) 

while the 600 msec ones do (figure 4b). 

 

 

Figures 4a - 4b. 

This different approach permits to calculate easily the 

Q-factor by measuring the decay time on a e
2π

 (hence on 

a 27.29 dB ) decay from the steady state value [13]. 

The next figure shows the EFT plot for a single source 

response in the TO room, starting at the beginning of 

the bursts and having the zero-time at the beginning of 

the decay. Figure 5b shows the 90° projection of the 

same plot in 5a with the T27.3 values overlapped in a 

black line: these have been measured on the convolved 

burst decays starting from the original pure sine-burst 

end. 

 

 

Figures 5a - 5b. 

5. ANALYSIS. 

The present study concentrates on the two octave bands 

from 40 to 160 Hz. These are very important from a 

musical point of view because they contain all the 

fundamentals from E1 to E3: these musical notes are 

very common in bass lines, rock guitars and modern 

music in general. 

5.1. EFT curves and FFT. 

The three dimensional plots carry the time domain 

information. In the frequency domain they contain the 

classical FFT results: when the burst length is long 

enough, the surface can be cut at regime parallel to the 

time axis, obtaining a graph that differs just from a 

factor of scale from the FFT curve. 
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FFT, in fact, is by definition a study of stationary 

values. From a theoretical point of view the applied 

method to plot EFT is correct and does not distort 

frequency information. 

Next figure, from room CC data, shows the perfect 

superposition between the FFT module plot and the EFT 

cross-section (a factor of scale had to be applied to 

distinguish the spectrum – solid line – from the EFT cut 

– dashed line). 

 

 

Figure 6. 

 

5.2. Room modes and FFT analysis. 

Comparing the spectrum to the room modes calculation 

is a common practice in room response analysis.  This 

permits to easily locate the strongest resonances in the 

stationary situation (i.e. valid for prolonged notes), and 

to see the overall system (room and loudspeakers) most 

important deficiencies at regime.  

Figure 7 show the TA room and figure 8 the TO one. 

Axial modes are stemmed, tangential modes are 

represented by a ‘o’ symbol on the frequency axis, 

oblique by a diamond symbol. Both channels are plotted 

(left channel - solid line, right channel – dotted line). 

In the frequency domain under study it is easy to spot 

strong single axial-mode correlations (in TA it is clear 

at 60 and 120 Hz, in TO at 44 and 60 Hz), to notice 

multiple mode summation effects (TA at 160 Hz) and to 

understand the important validity of room mode spacing 

theory in the first octave of interest (the large 10 to 20 

dB energetic ‘hole’ between 70 and 120 Hz in TA). 

 

Figure 7. 

 

Figure 8. 

Figure 8 (from TO - the masonry built room) shows a 

different behavior than expected because of the not 

regular room shape (see figure 2) and the presence of a 

large window that acts as a diaphragm and modifies the 

region from 70 Hz to about 90 Hz. This is clear also in 

the asymmetry of the two plots, compared to the good 

matching between the two channels in figure 7. 

The TO room has a larger volume and this is clearly 

seen from the higher modal density beginning at lower 

frequencies, both in the synthetic notation and in the 

measurements trends. 

The first effects of sound diffraction are stronger in the 

AT room that is the most furnished, they are 

recognizable at first analysis as a deviation from the 

modal prediction.  Figure 9 shows the AT room 

frequency response of the left and right channels up to 

500 Hz. 



Rizzi and Nastasi  
 

Small studio with gypsum board

 

AES 124th Convention, Amsterdam, The Netherlands, 2008 May  17–20 

Page 8 of 10 

 

Figure 9. 

5.3. Measurements of Q. 

The Q-factor was measured as described in 4.2, the 

bursts were generated at a df= 2Hz span, equal to the 

FFT resolution.  Studying figure 10 and 11 there is a 

very good correspondence between the Q shape 

variations and the room mode calculated frequencies.  

They show the left and right channels’ Q-factor 

measurements, the modal frequencies (as in paragraph 

5.2) and the Q = 16 limit. 

 

Figure 10. 

Applying the recent study from Avis et al. [14] that sets 

as minimum perceivable value a Q equal to 16, the four 

rooms were analyzed looking for perceptible decays.  It 

was noted that the empty rooms (TO and TA) are the 

most resonant as expected and that the masonry built 

room resonates the most (figure 10). This fact confirms 

gypsum board low frequency absorption capacity and 

opens to further study of its modeling by a complex 

impedance.  

This Q-factor analysis permits to easily spot tangential 

and oblique modes existence and defines them as  

potentially perceptible phenomena, see for example the 

first multi-dimensional modes between 60 and 160 Hz 

in figure 10 (TO room) and between 100 Hz and 160 Hz 

in figure 11 (TA room). 

 

Figure 11. 

5.4. Comparing the Quality factor measures to 
stationary analysis results. 

Overlapping FFT and Q-factor on the same graph 

allows observation of resonant behavior from a larger 

perspective. This is easier to read than EFT plots and 

directly correlates the regime part to the decay one. 

 

Figure 12. 

At low frequencies the maximum frequency difference 

between a mode and the nearest Q variation is 1 Hz. 

This reveals that Q is very sensitive respect to the room 

modes, even if these modes are not revealed clearly by 

the FFT study.   It is interesting to notice as the Q-factor 

analysis permits to spot tangential and oblique modes 

influences where a simple FFT study would not show 

them (between 60 and 100 Hz in figure 12 –AT room, 
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left channel, and between 60 and 80 Hz in figure 13 – 

CC room, left channel). 

 

Figure 13. 

The first tangential and oblique modes are well depicted 

by both methods of measurement, even if the two rooms 

have a low frequency treatment. This happens up to 

about 120 Hz, where modal density becomes too high 

and the modes’ effects overlap. 

6. CONCLUSIONS. 

One of the first questions that started this research was 

the influence of gypsum board sound insulation on room 

acoustics, because scientific literature is not clear on the 

topic.     

The mass-air-mass resonance of the gypsum-board 

assemblies was actually found to be below the 

frequency range of interest. It was demonstrated that the 

gypsum delimited rooms behaved as pure resonant 

systems and the measures’ analysis matched well the 

theoretical models. It was found that the gypsum limited 

rooms are less resonant in time and this opens to further 

enquiries on its complex impedance. 

EFT plots have been obtained in an alternative way, 

which permitted to estimate Q factor values from decay 

analysis.   Q-factor demonstrated to be well correlated 

to room modes theoretical frequency positions. This 

analysis proved to be a fast and useful method to study 

the resonances, complementary to traditional FFT 

studies. 

Fazenda et al. work on the perception of modal decays 

gave a Q = 16 as minimum value for recognition, the 

study was conducted on a synthetic room in the 

frequency domain. The present study applied this limit, 

demonstrating the necessity to control low frequencies 

and calls for further investigations by studying modal 

effects in the time domain. 

Further research will deepen the Schroeder frequency 

limit application, investigate on sub-woofer-room 

interaction in practice and the use of Q as a valid control 

parameter of room treatment functionality. 

The study on the burst duration opens to further 

analysis, 600 msec is quite long compared to note 

durations (octave notes at 120 bpm are 250 msec long 

and are not considered fast). Opening circuit transient 

perceptibility must be further studied to assess the Q 

factor and articulation validity as psychoacoustic 

parameters.  
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