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Abstract 

Accurate determination of reverberation time is a fundamental task in acoustic measurements and is 

strongly influenced by applied measurement methodology and the characteristics of the sound source. 

This paper presents a comparative investigation of reverberation time measurements conducted in a free-

field acoustic chamber using two different sound source concepts: a standardized omnidirectional sound 

source compliant with measurement norms and a professional electroacoustic sound system suspended 

within the chamber. 

The main objective of the study is to evaluate differences in measurement results, repeatability, and 

practical applicability between the two approaches under controlled laboratory conditions. Particular 

attention is given to the influence of sound source properties, such as directivity and spectral characteristics, 

on the measured reverberation time. 

Measurements are performed for multiple acoustic states of the chamber, which are deliberately altered 

using an active acoustic system. This enables systematic analysis of the robustness of each measurement 

method across a range of reverberation conditions, extending beyond static room configurations typically 

considered in standard measurement procedures. 

The obtained results are intended to contribute to a better understanding of the limitations and applicability 

of non-standard sound sources in reverberation time measurements, especially in research environments 

where flexible or actively controlled acoustic conditions are employed. The study aims to support informed 

selection of measurement methods in advanced acoustic testing and experimental room acoustics. 
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1 Introduction 

Accurate determination of reverberation time 

remains one of the fundamental tasks in room acoustics 

and architectural acoustics research. Reverberation time 

is widely used as a key parameter describing acoustic 

conditions in enclosed spaces and serves as a basis for 

both objective evaluation and design processes. 

Standardized measurement procedures, such as those 

described in ISO 3382-1 [1], define requirements for 

measurement methodology, including the 

characteristics of the excitation signal and the sound 

source. 

In typical measurement practice, reverberation 

time is determined using standardized omnidirectional 

sound sources, designed to approximate an ideal diffuse 

directivity pattern across a broad frequency range. Such 

sources ensure compliance with measurement norms 

and provide repeatable and comparable results. 

However, in research environments and non-standard 

measurement scenarios, alternative sound source 

concepts are often employed, including electroacoustic 

sound systems with complex directivity patterns and 

non-uniform spectral characteristics. 

1.1 Source of inspiration for studies 

In recent years, several studies have investigated 

alternative sound source configurations as substitutes 

for standardized omnidirectional sources, including 

approaches based on coupled speakers’ system, cubic 

omnidirectional sound source [3] or even common 

directional loudspeaker cabinets [4]. These works 

primarily focus on cost-effective alternatives and are 

typically conducted in conventional room environments 

such as small lecture halls or typical classrooms. 

However, their findings cannot be directly extrapolated 

to highly controlled acoustic environments, such as 

anechoic or free-field chambers, where sound field 

characteristics differ significantly. Moreover, the 

existing literature does not sufficiently address the use 

of professional electroacoustic systems which are often 

already present in advanced research facilities as 

potential excitation sources for reverberation time 

measurements. Unlike mentioned low-cost alternatives 

mentioned earlier, such systems are not intended to 



   

reduce measurement expenses, but rather to leverage 

already existing infrastructure for expanded 

measurement capabilities. 

The main objective of this study is to compare the results 

obtained using standardized and non-standard sound 

sources in terms of measured reverberation time, 

repeatability, and sensitivity to changing acoustic 

conditions. The findings are intended to contribute to 

a better understanding of the reliability and limitations 

of electroacoustic systems as excitation sources in room 

acoustics measurements, particularly in environments 

with actively controlled acoustics. 

1.2 Research conditions 

The present study was conducted in a free-field 

acoustic chamber located at the campus of Wrocław 

University of Science and Technology. The chamber, 

with inside dimensions of 13,2 × 9,3 × 6,5 [m] 

(~ 798 m3 of volume), is designed to approximate free-

field conditions and is used for educational purposes, as 

well as for a wide range of acoustic measurements and 

experiments. Due to its controlled environment and high 

level of acoustic isolation, the facility provides 

a suitable testbed for comparative studies of 

measurement methodologies. 

 

Figure 1 Inside view of an acoustic chamber, where 

measurements were carried out 

A distinctive feature of the investigated environment is 

the presence of an active acoustics system (Amadeus 

Active Acoustics) installed within the chamber. 

The system consists of a distributed network of 

16 microphones and 44 loudspeakers, enabling real-

time modification of acoustic conditions through 

controlled feedback and signal processing [6], [7], [8] 

By selecting different presets, it is possible to simulate 

varying reverberation conditions within the same 

physical space. In this study, the system is used solely 

as a tool to generate variable acoustic conditions, 

allowing for evaluation of measurement robustness 

across a range of reverberation times. 

 

Figure 2 Schematic drawing showing a basic principle of an 

active acoustic system [5] 

2 Methodology 

Measurements were performed at multiple 

source-receiver positions within the chamber, to ensure 

representative sampling of acoustic conditions related to 

reverberation time. The measurements were conducted 

using the EASERA software, enabling simultaneous 

acquisition of all active channels. Signal levels at the 

microphones were continuously monitored to prevent 

clipping of acquired signal. An exponential sine sweep 

was used as an excitation signal, in accordance with 

ISO 3382-2 [1]. Two subsequent sweeps were used to 

average each measurement. Further analysis was carried 

out for the octave bands in the frequency range from 

125 Hz to 8 000 Hz. The mean background noise level 

measured at the receiver positions was noted to be 

23,7 dB A, resulting in an impulse-to-noise ratio far 

exceeding 45 dB, required to obtain T30 results [2], 

across all the analyzed frequency bands. 

 

Figure 3 Schematic drawing showing measurement 

equipment [10] 
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2.1 Receivers 

Measurements were carried out using 

12 measurement microphones (Earthworks M23) with 

omnidirectional characteristics. The positions of the 

microphones are indicated in the chamber layout (Figure 

4). The microphones were positioned at a height of 

1,2 m above the floor. Receivers were evenly distributed 

across the room. Due to the minimal distances in source-

receiver relation required by ISO 3382-2 [1], some 

receivers had to be ignored in the analysis 

(e.g. S03 - R09 pair). 

 

Figure 4 Chamber layout with marked positions of 

sources (Sxx), alternative sources (ASxx) and receivers (Rxx) 

2.2 Sound sources 

To investigate the influence of sound source type on 

reverberation time measurements, two fundamentally 

different source concepts were considered. 

The reference measurements were performed using 

three standardized, dodecahedron sound sources 

compliant with measurement norms [1], [2]: 

1. Brüel & Kjær 4292-L, 

2. Norsonic N276, 

3. Norsonic N270. 

These sources provide a benchmark for comparison with 

a non-standard electroacoustic system. Dodecahedron 

sources were placed in four positions, which are marked 

on Figure 4, at a height of 1,5 m above the floor. 

 

Figure 5 Omnidirectional sources used as a benchmark: 

a) Brüel&Kjær 4292-L, b) Norsonic N276, c) Norsonic N270 

The alternative sound source configuration 

consisted of a professional electroacoustic setup 

composed of five directional loudspeakers 

(K&F CA 1001) suspended on fly bars within the 

chamber. The height of loudspeakers above the floor 

was 4 m, loudspeakers were pointed towards the center 

of the chamber. 

 

Figure 6 K&F CA 1001 loudspeaker model, that was part of 

tested system 

 

Figure 7 Frequency response 'on axis' chart of K&F CA 1001 

loudspeaker [9] 

 

Figure 8 Directivity chart of K&F CA 1001 loudspeaker [9] 

The loudspeakers were arranged in multiple 

configurations in order to assess the impact of spatial 

distribution and source directivity on measurement 

results. The system was tested at suspension height at 

4.0 m – being the highest (and default) position of fly 

bars in the chamber, all five loudspeakers marked on 

Figure 4 were used. All loudspeakers were driven 

simultaneously, using identical excitation signals, with 

no delays. 

  
a) b) c) 



   

2.3 Setups 

To evaluate the performance of the investigated sound 

source configurations under varying acoustic 

conditions, four distinct reverberation states were 

defined using the Amadeus Active Acoustics system. 

The following configurations were selected: 

• M1 (RAW) – reference condition with the 

active acoustic system disabled, representing 

natural acoustic properties of the chamber. 

• M2 (Reflective Room) – a configuration with 

minimal added reverberation, resulting in 

reverberation time values close to those of the 

untreated chamber. This setting was used to 

verify whether the activation of the system 

introduces any unintended artifacts or 

anomalies in measurement results. 

• M3 (Chamber) – an intermediate 

configuration providing balanced 

reverberation characteristics, representative of 

typical acoustic conditions used for musical 

applications. 

• M4 (Cathedral) – a configuration with the 

highest reverberation time among available 

setups, selected to evaluate system behaviour 

under extreme acoustic conditions. 

These configurations were chosen to span a wide range 

of reverberation conditions, from nearly free field to 

highly reverberant environments, enabling broad 

assessment of measurement sensitivity to acoustic 

conditions. 

3 Results 

The following section presents the results of 

reverberation time measurements obtained for four 

acoustic configurations of the chamber. The results for 

three reference sound sources are compared with those 

obtained using a selected electroacoustic source 

configuration. Results are presented as averaged values 

over all measurement (source – receiver) combinations. 

Prior to analysis, measured data sets were 

verified for consistency and quality. Outstanding values 

and artifacts were identified and excluded to prevent 

falsification of the results. 

3.1 Comparison of measured RT’s 

Figure 9 - Figure 12 present a comparison of T30 

measurements obtained under different reverberation 

conditions (setups M1-M4). 

 

Figure 9 T30 measured for M1 (RAW) setup 

 

Figure 10 T30 measured for M2 (Reflective Room) 

setup 

 

Figure 11 T30 measured for M3 (Chamber) setup 

 

Figure 12 T30 measured for M4 (Cathedral) setup 



   

 Figure 11, Figure 13 and Figure 14 present 

a comparison of reverberation parameters (T30, T20, 

EDT) for a selected measurement setup (M3). 

The observed trends are consistent with those obtained 

for the remaining setups, indicating that the presented 

results are representative of the overall behaviour. 

 

Figure 13 T20 measured for M3 (Chamber) setup 

 

Figure 14 EDT measured for M3 (Chamber) setup 

3.2 Comparison of sources’ cohesion 

To evaluate the variability of the obtained results, 

the standard deviation (SD) was considered; however, 

this parameter alone does not provide a fully reliable 

measure of repeatability, as it does not account for the 

absolute values of reverberation time. 

Therefore, following an approach taken in the 

literature [3], a normalized parameter SD/JND was 

adopted, where JND (Just Noticeable Difference) 

represents the perceptual threshold of change. The JND 

values were based on ISO 3382-1 [2]. Although it 

defines JND explicitly for EDT, this study extends its 

application to T20 and T30 for comparative purposes. 

Figure 15 - Figure 18 present the results for the T30 

parameter, as it is more commonly used in practical 

reverberation time measurements than EDT. 

 

Figure 15 SD/JND ratios for T30 measurements for 

M1 (RAW) setup 

 

Figure 16 SD/JND ratios for T30 measurements for 

M2 (Reflective Room) setup 

 

Figure 17 SD/JND ratios for T30 measurements for 

M3 (Chamber) setup 

 

Figure 18 SD/JND ratios for T30 measurements for 

M4 (Cathedral) 



   

4 Conclusions and future work 

Based on the conducted measurements, it was 

observed that the tested electroacoustic system 

generates noticeable deviations from the reference 

results under the dry chamber condition (M1), 

particularly in the mid-frequency range (500 – 

1000 Hz). However, it should be emphasized that even 

in the worst-case scenario, the observed absolute 

differences in T30 do not exceed 0,04 s. Given the 

highly controlled measurement conditions (low 

background noise, stable temperature and humidity) 

such small discrepancies may be caused by factors not 

directly related to the measurement setup. These may 

include minor variations such as the presence and 

positioning of researchers, or the downward orientation 

of the loudspeakers in the tested configuration. 

Following the activation of the Amadeus Active 

Acoustics system (configuration M2), the observed 

differences were significantly reduced. This trend 

continued for subsequent configurations with increasing 

reverberation time, indicating improved agreement 

between the electroacoustic system and the reference 

sources under more reverberant conditions. 

Figure 13 and Figure 14 indicate that for 

reverberation parameters based on shorter energy decay 

ranges (T20 and EDT), the differences in measured 

values increase compared to those observed for T30 

(Figure 11). This behaviour may be attributed to the 

placement of the sound sources, as the dodecahedron 

sources were positioned closer to the receiver locations, 

radiating in the outward direction. Whereas the 

loudspeakers of the electroacoustic system were 

distributed along the perimeter of the chamber, radiating 

in the inward direction. Additionally, the observed 

discrepancies may be caused by the active acoustics’ 

principle of operation, which is hard to precisely 

determine. 

 The obtained SD/JND ratios were higher than 

initially expected. Given the high quality of the 

measurement equipment and the controlled 

experimental conditions, it was anticipated that these 

values would generally remain below 1. However, in the 

present study, the SD/JND ratio was used primarily as 

a comparative metric to assess consistency between the 

investigated sound sources and the reference sources, 

rather than as an absolute qualification criterion for 

source performance. It should be noted that during the 

data processing stage, recurring outliers were identified 

for the Nor 270 and Nor 276 sources at 4 000 Hz and 

8 000 Hz. These deviations were significant enough to 

be excluded from further analysis. Their occurrence may 

be attributed to the age-related degradation of the 

sources, which could affect their high-frequency 

performance. As a result, elevated SD/JND values are 

observed in this frequency range. Worth to mention, 

that no such issues were observed for the tested system. 

No data points exhibited deviations large enough to 

require exclusion from the analysis. 

 Overall, the comparison indicates that the tested 

system, in most cases, exhibits lower or at least 

comparable SD/JND ratios relative to reference sources 

across all acoustic condition setups and frequencies. 

However, this alone does not imply that the system 

performs equally well as the standardized dodecahedron 

sources. It should be emphasized that the SD/JND ratio, 

when considered in isolation, is not sufficient to 

determine the overall quality of a sound source. 

However, when combined with the observations derived 

from the analysis of RT parameters, it suggests that the 

tested system may constitute a viable alternative to 

standardized omnidirectional sources in reverberation 

time measurements. In particular, the results indicate 

that the system may provide more uniform acoustic 

conditions within the chamber. This can improve the 

repeatability of measurements, especially when 

conducted by different operators or across multiple 

measurement sessions, by reducing uncertainties related 

to source and receiver positioning and overall setup 

variability. Additionally, the use of such system can 

significantly reduce the time required to perform 

measurements. 

However, it should also be noted that the 

applicability of such systems may depend on the specific 

acoustic conditions and measurement objectives, 

particularly in environments with very low 

reverberation time, where higher sensitivity to source 

characteristics is observed. For higher reverberation 

conditions, results seem to be more accurate compared 

to reference sources, which is to be expected, 

considering more diffusive sound fields. 

Further investigations are recommended to 

assess the performance of electroacoustic systems in 

different types of spaces and to better understand the 

influence of system configuration. Firstly, future studies 

should consider the applicability of such systems in 

controlled acoustic environments, such as laboratory 

chambers, for experimental purposes. The ability of 

such systems to generate stable and repeatable acoustic 

conditions could make them valuable tools in studies 

requiring precise control over reverberation 

characteristics, particularly in investigations extending 

beyond standard measurement procedures. Secondly, 

further research may focus on the use of electroacoustic 

systems in more challenging and non-standard 

measurement environments, such as large auditoria with 

challenging conditions, where conventional 

omnidirectional sources may not provide sufficient 

signal-to-noise ratio or adequate low-frequency 

excitation of the space. In such cases, electroacoustic 

systems may offer improved control over sound energy 

distribution and spectral content, potentially enhancing 

measurement reliability.
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