
I. Introduction

Seoul Art Center concert hall, inaugurated in 1988, 

might be the first dedicated hall for music in Korea. Since 

then, a number of dedicated spaces for music, opera, or 

musical have been constructed and they are concentrated 

mainly on a few metropolitan cities. However, majority of 

small cities that can’t afford to secure such dedicated 
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ABSTRACT: Domestically, demands for multi-purpose performance venues which accommodate various 

performance genres have increased. However, those venues have limited capability and confined to a primary 

performance. The present work investigated various methods for controlling the acoustics of room for required 

performance genres by reviewing aurally presented and published materials. The method of varying the acoustics 

of a space is called Variable Acoustics, and adjusted in either passive and active ways. Passive control encompasses 

variable absorption, variable volume, coupled volume, and canopy reflectors, where the acoustics of a room is 

controlled in an architectural way. Active control includes In-line, Regenerative, and Hybrid systems where the 

acoustics of a room is manipulated electronically. The mechanism and application of each passive control system 

in existing venues are reviewed and their pros and cons are discussed. Also, the concept of each active systems and 

product applications are looked at through literature reviews. Lastly, some considerations that need to be taken into 

in the planning and design stage of a multi-purpose hall using Variable Acoustics are suggested.
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초    록: 국내에서는 다양한 공연장르를 운영할 수 있는 다목적 공연장의 수요와 그에 따른 공급이 지속적으로 증가해

오고 있다. 그러나 음향적인 측면에서는 다목적 활용에 대응하는 실질적인 고려가 이루어지지 않고 있으며, 많은 시행

착오를 거듭하고 있다. 본 논문에서는 다양한 장르의 공연이 한 공간에서 이루어질 수 있도록 실의 음향특성을 변경하

는 방법들을 문헌고찰을 통해 살펴보았다. 실의 음향특성을 용도에 맞게 변화시키는 것을 가변음향이라고 하며, 수동 

및 능동제어방식으로 구분된다. 수동제어방식은 가변흡음, 용적가변, 부가잔향실법, 그리고 캐노피 반사 등의 방식으

로 구분되는 건축적인 가변방식이며, 능동제어방식은 In-line, Regenerative 그리고 Hybrid 시스템으로 전기적인 방

법에 의해 제어된다. 본 연구에서는 각각의 수동제어방식들이 실제 다목적 공연장 및 다양한 장르에 적용된 사례와 그 

장단점을 살펴보았다. 또한 각각의 능동제어방식이 적용된 시스템들을 살펴보고, 실제 다목적 공연장에 적용된 사례

와 그에 따른 음향적 변화에 대해 알아보았다. 마지막으로 가변음향시스템을 활용한 다목적 홀의 기획 및 설계 단계에

서 고려사항을 제안하였다.
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venues depended their cultural needs from local communities 

upon multi-purpose (or multi-functional) spaces. Cultural 

& art centers have taken this role for the last two decades. 

They have been used for covering wide range of cultural 

activities, such as public assembly, lecture, music per-

formance of various genre (classical music, Korean tradi-

tional music, and rock concert), exhibition, and movie 

theatre.[1] As can be seen in Fig. 1, the growth in the 

number of registered performance venues is remarkable 

and the number of cultural & art centers reaches up to 256 

in the year of 2020.[2] 

Unlike the versatile utilization of cultural & art centers, 

the satisfaction with the acoustic quality of those spaces is 

far beyond expectations. It is mainly due to the fact that 

users are required to adapt to the acoustics of the space 

rather than the acoustics of the space responds to the need 

of the users from an acoustic point of view.

Even in a dedicated room for music, a certain degree of 

variability in room acoustics is indispensable, as the 

preferred room acoustic conditions are highly dependent 

on its genre played. As is shown in Table 1 which 

summarizes recommended occupied reverberation times 

for various types of performances, even a concert hall 

should be able to provide a certain degree of flexibility to 

meet the needs of both performers and audiences. Fig. 2 

presents recommended reverberation times for amplified 

acoustic contents depending on the volume of a space, 

which implicates it is desirable to be equipped with a way 

to control at least reverberance of a room where electric 

amplification forms the main way of delivering sounds to 

audience.

Variable acoustics provide a means of adapting a space 

to a specific acoustic content in a multipurpose space (or 

specific musical piece in a concert hall). The most 

common expression of variable acoustics allows for a 

range of reverberation times.[9] Variable sound absorbing 

banners, curtains, and panels have been incorporated into 

many performing arts facilities over the past three decades. 

Recently, several halls have been completed that make use 

of partially coupled reverberation chambers to increase the 

level and/or length of reverberance without changing the 

basic shape, dimensions, or materials in the audience 
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Fig. 1. (Color available online) Number of registered 

performance venues and Cultural & Art centers in 

Korea.[3]

Table 1. Recommended occupied reverberation times 

at mid frequencies (500 Hz - 1,000 Hz) depending on 

performance genres.

Type of performance Reverberation time (s)

Organ[4]
＞2.5

Romantic classical[4] 1.8-2.2

Early classical[4] 1.6-1.8

Opera[4] 1.3-1.8

Chamber[4] 1.4-1.7

Korean traditional music 

(Pansori[5]/Gugak orchestral[6])
0.9-1.2/1.7

Drama (spoken word)[4] 0.7-1.0
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Fig. 2. (Color available online) Recommended RTs 

for amplified acoustic events depending on the 

volume of a space.[4,7,8]
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chamber. These are classified as passive systems for 

variable acoustics. Active systems refer to a system that 

adjusts reverberation time using electronic devices using 

multiple microphones, power amplifiers, loudspeakers, 

and signal processing devices. The present work tries to 

activate correct uses of variable acoustics in multipurpose 

performance venues through a better understanding of 

various variable acoustic control systems.

II. Passive control of room 

acoustics 

2.1 Variable absorption

One of the most frequently employed methods of 

adjusting the room acoustics of performance venues is the 

temporary introduction of additional sound absorption. 

The simplest and relatively inexpensive way of varying 

absorption might be the retractable sound-absorbing 

banners or heavy curtains deployed to reduce the re-

verberation time, or retracted to increase it. Banners are 

generally implemented in the form of fabric surfaces 

placed vertically or horizontally along the walls of 

auditoriums (Fig. 3). In practice, one or two layers of 

heavyweight fabrics are used, characterized by a high 

value of the sound absorption coefficient. Simplified 

methods of designing acoustic banners assume estimating 

the effectiveness of adjusting the reverberation time on the 

basis of the static theory. They have a strong variability of 

sound absorption in mid and high frequency ranges due to 

the materiality of banners and curtains.[10]

Sometimes, architects and operators of venues are 

reluctant to employ banners or heavy curtains because of 

its heterogeneous appearance compared with existing room 

surfaces. Banners combined with acoustically transparent 

materials can be a good compromise in such occasion. The 

new LG art center (to be built in magokdong, Seoul) 

adopted room finish consisted of an acoustically trans-

parent material (woven mesh) with a large air gap to allow 

for a Variable Absorption System (VABS) to be deployed. 

The banners are stored within fixed boxes mounted on the 

ceiling. When the banners are retracted, they will be 

completely boxed in by a closing panel located at the 

bottom of the box. When in use the banners are lowered 

from the boxes and will hang either on the side walls 

behind the acoustically transparent finish.[12] 

Alternately, sound-absorbing panels slide away to 

reveal a sound-reflecting or sound-diffusing panel behind 

them, and slide back when reflections are preferred 

instead. Fig. 4 shows an example of movable sound 

absorbing panels installed along the rear walls of side 

balconies in the Symphony hall, Birmingham, UK. When 

not in use, they are placed in the storage and moved into 

the hall along the rail installed on the ceiling to reduce 

reverberation.

Other schemes feature double sided hinged (Fig. 5) or 

rotating panel absorbers (Fig. 6), in which one side 

reflective and other side sound absorptive. Triple sided 

variable absorbers composed of rotating triangular wedges 

with one side reflective, one side sound absorptive and a 

third sound diffusive have been used in L’Espace de 

projection of IRCAM. Each prism element was designed 

to be independently rotatable (Fig. 7). The reverberation 

times of this facility could be extended up to 4 s along 

with its variability in room volume and shortened below 1 

second by facing absorptive side of prisms into the 

room.[13]

Double sided rotating cylinder is one of this type. The 

half of the cylinder surface is made from hard and fully 

Fig. 3. (Color available online) Examples of acoustic 

roller banner, installed along the sidewalls.[11]
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reflective materials, and the other half is highly absorptive 

(Fig. 8). 

The sound absorption of majority of variable sound 

absorbers reviewed above concentrates on mid and high 

frequency ranges as their fabrication are highly dependent 

on porous absorbers. However, this type of variable 

absorbers may not be suitable for amplified music 

performance which require controlling reverberance at 

low frequencies. Recent researches on suitable acoustics 

for amplified pop and rock performance[17,18] reported that 

Fig. 4. (Color available online) Movable sound ab-

sorbing panels, installed along the side balcony 

walls in the Symphony Hall, Birmingham, UK.

Fig. 5. (Color available online) Examples of hinged 

panels, reflective on one side and absorbent on the 

other. (a) Single hinged panels, (b) double hinged 

panels (after Everest[14]).

Fig. 6. (Color available online) Rotating panel ab-

sorbers, installed in the auditorium Calzedonia (after 

Cairoli[15]). 

Fig. 7. (Color available online) L’Espace de pro-
jection and rotating prism installed. Above: Inside 

view from the stage. Below: Possible configurations 

obtained by rotating prisms (after Shtrephi et al.[16]).

Fig. 8. (Color available online) Rotating cylinders 

installed on the concert hall (the Academy of Music 

in Zagreb) ceiling (lower part of the figure) for 

changeable acoustics (after Jambrošić[19]). 
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the reduction of reverberation times has to be achieved at 

low frequencies, most noticeably in the 125 Hz octave 

band, while high frequency reverberation times should be 

decreased less. A variable broadband absorption product 

(Fig. 9) is developed for amplified music which requires 

a significantly lower value of T30 in the 63 Hz, 125 Hz 

and 250 Hz octave bands. Absorption coefficients are 

approximately 0.8 in the 125 Hz, 250 Hz, and 500 Hz 

bands, 0.6 kHz at 1 kHz and decreasing at higher fre-

quencies and in the 63 Hz band when in the ON position. In 

the OFF position the product attains absorption values 

between 0.0 and 0.2 (Fig. 10).[20,21]

These passive systems allow the building users to 

reduce the level and/or length of the reverberance from 

what would be the basic decay of the room. These systems 

are typically used to provide a dry acoustical environment 

for sound system use and some portions of the classical 

repertoire. In each case, the room’s operator or the 

orchestra conductor decides which type of surfaces to be 

used. Adding absorption is simpler and is potentially 

equally good but the amount of absorption necessary to 

make useful changes is extensive.[23] Also, the possibility 

of tuning the interior acoustics need to be verified 

depending on the position of the banner in the room as well 

as the degree of its opening. In a concert hall where lateral 

reflection plays a significant role, care should be taken in 

placing banners on side walls.

2.2 Variable volume

Acoustics of a room can be varied by changing the 

volume of the space and typically moving a ceiling ver-

tically is preferred. Changing the volume is a particularly 

effective method for changing the reverberation time. One 

of the biggest advantages is that the loss of sound level can 

be kept minimal. However, providing large changes in 

auditorium volume requires ingenuity in terms of both 

architectural design and theatre engineering.[23] An effective 

solution for providing variable acoustics is a combination 

of changes in auditorium volume and changes in ab-

sorption. This concept has been used in many multi-

purpose auditoriums. 

Jesse Jones performing arts hall is one of early 

multipurpose space where variable volume along with 

adjusting room absorptions plays a significant role in 

varying acoustics (Fig. 11). This multipurpose hall, opened 

Fig. 9. (Color available online) Examples of inflatable 

absorbers, installed on the ceiling (after N. W. Adelman- 

Larsen[20]). 

Fig. 10. (Color available online) The sound absorption 

coefficients of wide band variable absorber (after 

Adelman-Larsen[22]).

Fig. 11. (Color available online) Jesse Jones per-

forming arts hall. (after Klepper et al.[24]).
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in October 1966, is expected to accommodate the full 

range of musical and theatrical events. The ceiling of the 

hall consists of an array of hexagon-shaped damped steel 

panels that can be moved in groups to adjust the hall’s 

seating capacity and its acoustical environment. The upper 

balcony is excluded by lowering the ceiling and results in 

reducing the seating capacity from 3,000 to 2,400. The 

seating capacity is reduced by mesh curtains toward the 

rear mezzanine and orchestra level reduce the seating 

capacity to 1,800, which is for drama configuration. The 

reverberation time of the hall at mid frequencies is 1.8 s in 

the symphony and opera configurations (3,000 seats) and 

1.4 s in the drama configuration (1,800 or 2,400 seats, all 

draperies exposed).[23]

Milton Keynes Theatre in Buckinghamshire, UK is a 

multipurpose cater for performances of drama, musicals, 

opera, ballet and classical music. To accommodate wide 

range of performances, the movable ceiling is adopted as 

the fundamental mechanism for changing acoustics. Also, 

extra variable absorptions are provided by movable drapes 

on the sidewalls. Fig. 12 presents a section through the 

auditorium showing three pre-determined heights for the 

moving ceiling (for chamber & concert, lyric, and drama, 

respectively). The distance between the maximum and 

minimum heights is 10 m. For orchestral music, the ceiling 

is in its highest position and all the drapes are retracted. 

This configuration provides a volume of 8.5 m³ per seat 

and gives maximum reverberance. The mid-frequency 

reverberation time is 1.6 s. The intermediate ceiling height 

provides a lyric theatre suitable for opera and musicals, 

and the volume per seat is 6 m³. For opera, the drapes 

remain retracted resulting in a reverberation time of 1.25 s. 

For musicals the drapes are extended to reduce rever-

berance for amplified sound. The lowest ceiling position 

cuts off the highest balcony reducing the seating capacity 

to 980. The resulting volume per seat is 4.5 m³ and with the 

drapes extended, the measured reverberation time is 1 s 

(for drama).[24]

In Sala Sao Paulo, Brazil, the ceiling consists of 45 

rectangular plates organized in a matrix of 59 with each 

group of three plates moving independently (Fig. 13). 15 

ceiling elements can be displaced in a range of 20 m, which 

provides a great diversity of volumes and forms are 

available to tune the room according to the musical 

performance options. Tenenbaum et al. measured the 

effect of seven roof configurations cases on the room 

acoustics and found that both reverberance and music 

clarity were significantly influenced by the configuration 

(in between romantic and classical halls).[26] 

Recently built Fartein Valen hall, Norway (Fig. 14) 

adopted a similar approach to those reviewed above for the 

design of acoustically flexible hall. Fartein Valen hall is 

optimized for acoustic music performance. Variable 

acoustics is realized by a movable acoustic ceiling made 

up of eight elements, up to 30 tons each. The height of the 

movable ceiling is varied between 17 m (lowest) and 22 m 

(highest) (Table 2). Other elements for variable acoustics 

Fig. 12. Variable volume control in Milton Keynes 

Theatre (Buckinghamshire, UK). Section through the 

auditorium showing the three heights of the moving 

ceiling (after Orlowski[24]).

Fig. 13. (Color available online) Sala Sao Paulo, 

Brasil (after Tenenbaum et al.[25]).
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are movable canopy reflectors, motorized absorptive 

curtains on tracks along the side walls, and vertically 

deployable absorptive curtains coming out of the movable 

ceiling.[29] Acoustic curtains were installed on motorized 

curtain tracks along the side walls of the concert hall, and 

these curtains allow for a lower reverberation time for 

amplified events and brass band concerts.

Apart from the halls reviewed in this section, a movable 

ceiling system has been utilized to provide an acoustic 

variability in a number of halls, such as Gulbenkian Great 

Hall[30] (Lisbon, Portugal), Segerstrom concert hall[31] 

(Costa Mesa, USA), Bruce Mason theatre[32] (Oakland, 

NewZealand), Kani public Arts Center large hall[33] (Kani, 

Japan), Theatre De Spiegel[34] (Zwolle, Netherlands), and 

more. 

Even though the variable volume system has been used 

in many halls, mostly it is accompanied by other variable 

elements such as variable absorptive banners or curtains. 

As, Möller et al.[35] pointed out that the movable ceiling 

system inevitably requires quite large constructions and 

added building volume, and thus add considerably to the 

cost of the building. In a shoebox hall with a floor area of 

20 m by 40 m, a change of 20 % of the reverberation time 

requires the ceiling to move 3.5 m ~ 4 m. 

2.3 Coupled volume

Coupled volume refers to having an attached volume 

which is coupled to the main room through doors or 

apertures. There are mainly two types of acoustical coupling 

which are source-area coupling (stage house coupling) and 

distributed coupling (reverberation chambers). In source- 

area coupling source is in the auxiliary room and auxiliary 

room is the stage and stage tower above. In coupled 

volume system, three architectural parameters are found to 

play a significant role in controlling the acoustics of main 

room: the volume ratio between the main and secondary 

spaces, the absorption ratio between the two spaces, and 

the aperture size.[36-38]

One of representative example of stage house coupling 

might be vaudeville/ movie houses. In the nineteen sixties 

when many orchestras in the North America were playing 

in vaudeville/ movie houses that were built in the nineteen 

twenties and thirties. In those spaces, the stage house has 

been used as the coupled space which have the longer 

reverberation times but with relatively smaller volumes 

than those in present. So-called, ‘concert hall shaper’, an 

adaptation of the techniques used earlier for the pre-

sentation of orchestras in the smaller volume stage houses 

of the old vaudeville/movie theatres (Fig. 15) is utilized in 

a number of halls (Hall C at the Tokyo International 

Forum, the Bass Hall in Fort Worth Texas, and Oklahoma 

Civic Center Music Hall in Oklahoma city).[39] The concert 

hall shaper refers to a second ceiling that is positioned in 

the stage house which blocks off the upper volume of the 

stage house leaving a lower volume of 7,000 m3, an 

amount similar to the volume of the old vaudeville 

theatres.

Groβes Haus Staatstheater (Mainz, Germany) was 

renovated for 4 varying uses (concert, opera, ballet, and 

theater) (Fig. 16). A flat response of the enclosure between 

63 Hz ~ 4,000 Hz is intended for accommodating these 

Fig. 14. (Color available online) Fartein Valen hall, 

Norway, movable acoustic ceiling with 8 elements, 

up to 30 tons each.[27] 

Table 2. Ceiling height changes and resulting room 

volume in Fartein Valen hall, Norway.[28] 

Ceiling height (m) Volume (m3)
Volume per person 

(m3/person)

Lowest (~17) 16,000 m3 10.5

Highest (~22) 20,000 m3 13.3
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heterogenous uses by installing low frequency absorbers in 

both auditorium and stage tower. By coupling the volume 

of stage tower, twice as large as that of main auditoria, T60 

in the auditorium is kept almost constant around 1.4 s (for 

opera use,). For concert use T60 is raised up to 1.7 ± 10 % 

by obstructing the transmission of sounds using orchestra 

shell.[40]

On the other hand, several halls have been constructed 

for the last decade that make use of distributed coupling 

(partially coupled reverberation chambers) to increase the 

level and/or length of reverberation without changing the 

basic shape, dimensions, or materials in the audience 

chamber. With operable shutters at the boundary between 

the audience chamber and reverberation chamber and with 

sound absorbing curtains in the reverberation chamber, the 

overall reverberant decay can be tailored to provide a long 

decay without significant decrease in clarity.[41] This 

arrangement, however, unavoidably resulted in a double- 

decay sloped reverberation which is regarded as an 

acoustics failure in the past prior to 1970’s. Nowadays, 

growing attentions are paid by acoustic practitioners and 

researchers to the possibility of getting both clarity and 

reverberance using this concept.[42]

Nowadays, there exist a growing number of halls using 

this concept. Birmingham Symphony Hall (Birmingham, 

UK), the Concert Hall in the KKL Luzern (Lucerne, 

Switzerland), Sibelius Hall (Lahti, Finland), and Heydar 

Aliyev Center Auditorium (Baku, Azerbaijan) and many 

other halls fall into this group.

The Symphony Hall, Birmingham is a dedicated concert 

hall which requires flexibility in covering from chamber 

music to pipe organ performance acoustically. For this 

purpose, it has a reverberation chamber behind the stage 

and extending high along the sides which amounts to 50 % 

of the hall’s volume, and the doors to which can be 

remotely opened or closed (Fig. 17). The U-shaped 

reverberation chamber area has a volume of 12,700 m3. 

Also, an acoustic canopy which can be raised or lowered 

above the stage supports acoustic variability in both 

Fig. 15. Sketch of tunable shell in Vaudeville stage-

house with and without concert hall shaper: (a) 

Coupled stage house-low volume hall with no dra-

peries, (b) coupled stage house-low volume hall 

with draperies, (c) coupled stage house-low volume 

hall with no drapes, (d) coupled stage house-low 

volume hall with draperies and cut-off ceiling (after 

Jaffe[39]).

Fig. 16. (Color available online) Low-frequency ab-

sorbers installed the hard surfaces of the stage 

tower in Groβes Haus Staatstheater (after Zha[40]).

Fig. 17. (Color available online) Coupled reverbe-

ration chamber installed at the upper parts of stage 

the Symphony Hall, Birmingham, UK.
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audience and stage area. Dampening panels (Fig. 4) can be 

extended or retracted to ensure that the sound of the space 

is perfectly matched to the scale and style of the music to 

be performed.

The Concert Hall in Lucerne (Fig. 18) is the home of the 

International Music Festival and it is required for this hall 

to provide an appropriate acoustic environment for an even 

wider range of performances, ranging from conferences 

and other speech events to symphony orchestra, amplified 

popular music, ethnic music, and organ recitals.[44] For 

these wide range of usages, a reverberation chamber is 

incorporated along with variable absorptions. The volume 

of the audience chamber is about 18,000 m3 (10 m3/ 

person). The reverberation chamber surrounding the 

audience chamber adds about 6,000 m3 to the primary 

volume. Depending on the specific settings of the 

reverberance chamber doors (different couplings between 

the inner volume of the audience chamber and the outer 

volume of the reverberance chamber), the reverberation 

time with a full audience can be varied between about 1.6 s 

and 3.0 s at mid-frequencies. The two‐part moving canopy 

with both horizontal and vertical reflecting surfaces helps 

improving intimacy and clarity of sounds in audience area 

and ensemble between performers on the stage. For speech 

events and other events which require a drier and more 

intelligibility, motorized, double-layer sound-absorbing 

curtains are deployed in front of most of the wall area.[45]

The coupled volume system is applied in another 

timber-built shoebox-shaped concert hall, Sibelius Hall 

(Fig. 19). As is observed in the previous examples, a 

three-piece adjustable acoustic canopy and adjustable 

absorption (banner and curtains) along with reverberation 

chamber are incorporated. The volume of audience 

chamber is about 18,000 m3 and total 7,000 m3 in volume 

of a reverberation chamber are acoustically coupled to the 

performance space through a series of reverberation 

chamber doors.[47] The number of open doors, the location 

of each open door and the degree of openness are 

researched at the acoustic design stage in order to achieve 

the desired acoustic for a wide range of repertoire. 

Adjustable acoustic control banners are in the reverbe-

ration chambers and adjustable acoustic control curtains 

are being installed along the walls of the inner audience 

chamber for facilitating the use of the sound system and for 

adjusting the room for musical events requiring a less 

reverberant environment. An adjustable height acoustic 

canopy in three sections is suspended above the per-

formance platform to facilitate on-stage communication 

among musicians, to direct sound energy to seats in the 

center of the main floor. 

The auditorium in Heydar Aliyev Cultural Center (Fig. 

20) incorporates the challenge of providing multipurpose 

requirements of the hall, conference, concert and opera 

use. Unlike the three concert halls reviewed before, in 

which reverberation rooms are horizontally coupled to 

main auditorium, the reverberation room in this auditorium 

is vertically coupled to the main volume. It is likely that 

both acousticians and operators of the auditorium do not 

Fig. 18. (Color available online) The Concert Hall in 

the KKL Luzern.[43]

Fig. 19. (Color available online) Coupled reverbe-

ration chamber in Sibelius Hall.[46]
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want to spoil the unique interior design of Zaha Hadid by 

applying other variable acoustic arrangements such as 

banners and curtains. Reserving certain amount of volume 

at the upper parts of the Heydar Aliyev Center Auditorium 

(above ceiling in between auditorium shell and roof/wall 

main structure) and aperture in desired dimensions are 

architectural measures that will enable acoustical 

designers to work with coupled rooms. The coupled room 

surfaces are left mostly reflective. The acoustical volume 

of the room is estimated to be 600 m³. The aperture 

opening is in the center of aperture surface and of area 

around 19 m² with a width of 2 m. Aperture size has an 

essential role in balancing the reverberation time dis-

tributions of the auditorium and coupled space. Subjective 

experiences of audience due to the location of reverbe-

ration chamber are in question within this auditorium.

It is reported[49] that the reverberant sound is perceived 

as coming from above or hovering above the room in the 

Carol Morsani Hall (Festival Hall) where the chambers 

covered only the upper parts of the auditorium (Fig 21). 

Siebein recommends that the location of the chambers 

needs to not only surround the upper portion of the room, 

but also extend down the side, which allows the audience 

to perceive the sounds coming from all parts of the room.

In acoustical coupling, to provide a sound field that is 

variable, longer, distinct, and performance-piece-specific 

depends on certain architectural parameters. Geometric 

volume, form, materiality and aperture size are variables 

that affect reverberation of sub-room and consequently 

energy flow to the main room. Achieving desired energy 

decay for performance specific purposes necessitates an 

intensive study on those variables throughout its entire 

design stages.

2.4 Canopy reflector 

It is quite well-known that early reflections from room 

surfaces play a significant role in determining perceived 

acoustic quality of a space. Both the arrival time of early 

reflections after the direct sound and their intensities 

significantly influence listeners’ appreciations of room 

acoustics, such as intimacy, intelligibility, musical clarity, 

loudness and so on. Changing early reflections by reorien-

tation or relocation of reflecting surfaces provides a very 

sensitive way of fine adjustments, while changing the 

 

Fig. 20. (Color available online) Coupled volume 

installed at the upper parts of the Heydar Aliyev 

Center Auditorium (located above ceiling in between 

auditorium shell and roof/wall main structure) (after 

Sü-Gül[48]).

Table 3. Configurations of coupled volume and 

target RTs depending on the required activity in the 

auditorium in Heydar Aliyev Cultural Center[48].

Activity
Configuration of 

coupled volume

Target RTs (s) at 

mid-frequencies 

Conference 1.0 ~ 1.4

Concert 1.7 ~ 2.4

Opera 1.4 ~ 1.8

Fig. 21. (Color available online) Coupled volume 

installed at the upper parts of the Carol Morsani Hall 

(Festival Hall) in Tampa.[50]
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volume of the space, and/or changing the amount of 

reverberant sound energy by the addition or removal of 

sound-absorbing materials are relatively insensitive in 

controlling room acoustics except reverberation times.[51,52] 

Acoustic canopy or canopy reflector is a large suspended 

reflecting structure installed on the ceiling (usually above 

the stage), controlling early reflections by adjusting the 

height of the structure. Acoustic canopies have been 

successfully used in many halls designed by Russell 

Johnson.

Suspended sound-reflecting panels, frequently appeared 

in BBN (Bolt Beranek and Newman) designed halls, may 

be the predecessor of an acoustic canopy. The first 

suspended sound-reflecting panels for specifically musical 

purposes were employed in the 1959-1960 renovation of 

the 5,000 seat “Music Shed” at Tanglewood, Lenox, 

Massachusetts (Fig. 22). The panels were intended to 

improve sound distribution and balance throughout the 

audience, improve clarity, and improve on-stage communi-

cation and they accomplished all these goals.[54] Fig. 23 

represents an idealized concert hall with measures allowing 

the performer to adjust C80 (clarity index), to his or her 

satisfaction by a motorized overhead suspended panels or 

canopy and portable stand-alone reflectors. A wide range 

of C80 values should be possible in such a configuration 

without changing reverberation time appreciably.[55]

Multiple specular reflector panels are also available for 

the creation of “hot spots,” allowing for even more diverse 

applications.[56] Combinations of these devices have been 

used successfully to attain optimum conditions for uses 

ranging from symphonic music to speech.[52]

The Segerstrom Concert Hall (Fig. 24) and Verizon Hall 

(Fig. 25) are typical examples which include a massive 

acoustical canopy above the stage that can be lowered, 

Fig. 22. (Color available online) Music Shed at Tangle-

wood. Suspend sound reflecting panels are installed 

on the ceiling.[53]

Fig. 23. Varying clarity, C80 with a fixed reverbe-

ration time using suspended reflecting panels or 

canopy (after Klepper[55]). 

Fig. 24. (Color available online) Adjustable acoustic 

canopy installed on the ceiling of Segerstrom Con-

cert Hall.[57]
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raised and otherwise manipulated. The acoustic canopy in 

both halls are responsible for on stage listening conditions 

including communication between performers as well as 

clarity for audience. However dramatic variability in 

acoustics including reverberation times are not allowable 

with acoustic canopy alone. Therefore, sound curtains and 

reverberation chambers running along the side and stage 

walls from floor to ceiling are incorporated for variable 

acoustics. Wall panels can be opened incrementally 

throughout the auditorium, allowing the sound to enter 

these reverberation chambers in carefully calibrated 

amounts, changing the nature of a given sound’s richness 

and decay. 

In spite of its usefulness in controlling early energy, 

variable acoustics obtained by the use of acoustic canopy 

is limited and generally other adjusting systems, such as 

coupled volumes and variable absorption systems need to 

be incorporated for securing a wide range of variability. 

Also, continuous acoustic assessments and adjustments of 

canopy position are required for the successful onstage 

hearing and audience satisfaction.

III. Active control of room 

acoustics

With the development of the electronics industry in the 

1960s, various types of artificial reverberators were 

developed. Since then, the digital artificial reverberators 

have been improved to a level similar to that of natural 

reverberation.

The concept and type of artificial reverberation are 

looked at and the types and concepts of the active acoustic 

system used in the concert hall are introduced in the 

present section. In addition, the active acoustic system 

applied to the concert hall are introduced by product.

3.1 The concept of artificial reverberation

The concept of an artificial reverberation device is a 

combination of several audio devices to mimic natural 

reverberation.

A phenomenon in which sound is propagated in indoor 

space, reflected and absorbed by walls or ceilings and 

objects, reducing sound energy is called natural reverbe-

ration. The feeling of reverberation is different depending 

on the size, shape, and finishing material of the indoor 

space.[59]

The spatial representation of reverberation is shown in 

Fig. 26 (a) and the time domain expression is shown in Fig. 

26 (b).

An important concept for artificial reverberation is time 

delay and diminishing negative energy. In Fig. 26 (b), the 

time delay of direct and early reflective sounds is referred 

to as Initial Time Delay Gap (ITDG), which relates to the 

intimacy or presence of listeners and sounds. If ITDG is 

less than 25 ms, intimacy in the space is regarded as good.

The gradually reduced sound energy expresses the 

decrease in sound energy through reflections and sound 

absorptions, and is called reverberation.

Analogue’s typical artificial reverberation devices 

include echo chamber, plate reverse, spring reverse, and 

tape delay.[60] The sound energy was converted into 

mechanical vibration energy and applied to a medium 

(chamber, plate, or spring), and the energy transferred 

according to the medium was re-mixed with the original 

sound (direct sound) to create a sense of reverberation. 

Early artificial reverberation devices have limitations in 

reproducing a natural reverberation feeling because the 

Fig. 25. (Color available online) Adjustable acoustic 

canopy installed on the ceiling of Verizon Hall.[58]
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time delay and reverberation density cannot be adjusted.[61]

3.1.1 Schroeder’s reverberator

The digital artificial reverberator started in 1961 with 

Schroeder’s Reverberator.[62-65] It is the first digital 

artificial reverberator consisted of five comb-filters and 

one all-pass filter. The five Comb-filters are reflective 

sound implementations in space, and the all-pass filter 

only changes the phase of the frequency, preventing 

changes in tone.

3.1.2 Moorer’s reverberator

In 1979, Moorer released a reverberator, an evolution of 

Schroeder’s reverberator.[66]

Fig. 27 shows as Moorer’s Reverberater is an algorithm 

that can control the initial delay time added to the concept 

of Schroeder’s Reverberater.

The initial delay time gap is a parameter for recognizing 

the size of a space, and it is possible to create a rever-

beration feeling expressing a sense of empathy of various 

sizes.

In Fig. 27, (a) shows a tap dealy block diagram that 

adjusts the initial delay time of Moorer’s reverberater, Fig. 

27 (b) is a block diagram of Schroeder’s reverberater. C 

represents comb-filter, A represents all-pass filter, and Z 

represents a time delay.

3.1.3 FDN reverberator

A more advanced reverberation device is the Feed-Back 

Delay Network (FDN), released in 1982 by J. Stautner and 

M. Puckette.[67]

The FDN consisted of mutual delay lines by linking 

feedback loops and matrices capable of generating more 

sophisticated ITDGs. Fig. 28 is a fourth-order block 

diagram of the FDN. FDN is a time-variant reverberator 

that has small feedback and tone variations in physically 

small spaces, and is capable of generating relatively large 

reverberations.[68]

3.1.4 Convolution reverb

The concept of Convolution Reverb was introduced in 

1989.[69] Convolution Reverb implements reverberation by 

mathematically convoluting the Room Impulse Response 

(RIR) and input signal of a certain space with rever-

beration. Since the RIR is a function of the sound source 

and the receiving point in space, the reverberation at the 

location of the receiving point in the room can be obtained.

Convolution is expressed by the following equation.

Fig. 26. (a) The space concept of reverberation, (b) 

the time concept of reverberation.

Fig. 27. The block diagram of Moorer’s reverberator. 

(a) Tapped delay for early reflections part, (b) 

Schroeder’ reverberator part.[66]
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∞  , (1)

Where x(m) is the input signal and h(n) is the RIR of space.

Convolution requires a lot of mathematical calculations 

and it is expensive to apply in real time. In order to solve 

this problem, the signal is calculated in units of blocks in 

the frequency domain through Fourier transform, and is 

again used after inverse Fourier transform.[70]

3.2 The type of active acoustic system

In Section 3.1, different types of artificial reverberation 

were investigated. Artificial reverberation had a great 

influence on the recording music industry such as tape, 

CD, and MP3. The use of artificial reverberation using 

microphones, Digital Signal Processors (DSPs), and 

speakers in performance hall is called the active acoustic 

system.[71,72]

The active acoustic system is divided into three types, 

in-line system and regenerative system, depending on the 

feed-back operation method. Recently, they are used in 

combination called hybrid system.[73]

3.2.1 In-line system

The in-line system is called a Non-Regenerative system, 

and it collects the direct sound using a directional 

microphone at a close distance (near field) from the sound 

source, processes the direct sound and reproduces it 

through speakers (Fig. 29).[73]

The advantage of the in-line system is that early 

reflection sounds can be adjusted, and the disadvantage is 

that it is difficult to adjust the overall reverberation time 

for a long time.

Representative systems to which the concept of in-line 

system is applied include Ambiophony, Early Reflected 

Energy System (ERES), Lexicon Acoustic Reverberation 

Enhancement System (LARES), and System for Improved 

Acoustic Performance (SIAP). Details about these systems 

are described in the case study section below.

3.2.2 Regenerative system

Regenerative system is called non-in-line system, and 

it collects reverberative sounds with an omni-directional 

microphones at a long distance (far field) from the sound 

source. It process the reverberative sound and reproduces 

through speakers (Fig. 30).[73]

The advantage of the regenerative system is that it is 

Fig. 28. The Block diagram of fourth-order FDN 

(feedback delay network).

Fig. 29. The concept of in-line system.

Fig. 30. The concept of regenerative system.
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easy to control the reverberation time. Representative 

systems include Assisted Resonance System (AR), Multiple 

Channel Reverberation (MCR), CARMEN. Further details 

are dealt with in the case study section below.

3.2.3 Hybrid system

The Hybrid system combines the strength of the in-line 

system’s near-field microphone and the regenerative 

system’s far-field omni-directional microphone for signal 

processing (Fig. 31).[74- 76]

Representative systems are VIVACE, Acoustic Field 

Controller (AFC) and Constellation.

3.3 Case studies

The development process of the Active Acoustic 

System is reviewed by organizing the systems applied to 

the multi-purpose hall .

3.3.1 Assisteed Resonance (AR) - 1964 

AR was developed by Peter Parkin as an the Active 

Acoustics System with a regenerative concept.[77] Fig. 32 

shows as a channel composed of mic, amp and loudspeaker 

is the basic unit, and AR plays only a single frequency. A 

Helmholtz resonator was installed in the Far field of Hall, 

and a specific single frequency was collected a micro-

phone in it.[78,79,80]

The mid-frequency reverberation time of Royal Festival 

Hall (1964) was 1.4 s, shorter than the international 

standard of 1.8 s ~ 2.2 s. AR system was developed to 

improve the acoustic problems of the low frequencys.[81]

AR system used 172 channels in the Royal Festival Hall 

to lengthen the reverberation time within the frequency 

range of 58 Hz to 700 Hz, and typically increased from 1.4 

s to 2.5 s at 125 Hz.[82]

In the other case, the reverberation time was adjusted in 

the frequency range from 72 Hz to 1,250 Hz by applying 

the 72 channel AR system in The Cental Hall, York, UK 

(1987). Typically, the reverberation time at 500 Hz in-

creased from 0.8 s to 1.4 s.[83,84]

As AR system cannot increase the reverberation times at 

high frequencies, the increase in reverberation time is 

limited, and unwanted tone coloration occurs.[81,82].

3.3.2 Multi Channel Reverbration (MCR) - 1967 

The MCR was developed in 1967 by Nico Franssen as a 

Regenerative concept. MRC is a channel consisting of a 

mic, equalizer, amplifier, and loudspeaker, which includes 

acoustic feedback control. Each channel has a wide 

frequency bandwidth compared to the AR system, and is 

independent and uncorrelated.[85-87]

As is shown in Fig. 33, as each channel amplify only the 

reflected sound without a time delay unit, increasing the 

energy density inside the hall results in raising the sound 

level.[88]

MCR System realizes smooth reverberation times 

through the equalization of all channels, and phase 

adjustment is not required.[89] Stavanger (1986) reported 

that the 40-channels MCR system installed in the Bjergsted 

Fig. 31. The concept of hybrid system.

Fig. 32. The concept of AR system.
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Concert Hall could successfully increase the reverberation 

time by 50 % for the bass and 20 % for the treble.[88]

3.3.3 Early Reflected Energy System (ERES) - 

1974

ERES is an in-line system developed by Christopher 

Jaffe in the early 1970s.[90]

Fig. 34 shows that ERES is a system consisting of 

several mics and three delay channels to improve initial 

reflexes when using an orchestra shell. The speakers for 

the first delay channel are installed at the top of the 

forestage to increase intimacy. The speakers for the second 

and third delay channels are installed at the top of the 

audience to play only the low frequencies to emphasize the 

warmth of the tone.

3.3.4 Lexicon Acoustic Reverberance 

Enhancement System (LARES)- 1988

LARES is an in-line system produced by Lexicon, 

known for its Revervb recording equipment.[91-96] The first 

LARES system was installed in 1991 to correct acoustic 

deficiencies at the Elgin Theater. 

Two LARES systems were used to drive 116 speakers 

(the ceiling 56ea and the under balcony 60ea) through two 

microphone inputs where installed nearby balcony and 16 

Lexicon reverberators installed (Fig. 35). Time variation, 

by using the reverberation algorithm, the feedback margin 

is improved by 8 dB compared to the non-time variation 

system.[91]

The time-varying reverberant is an algorithm that 

minimizes pitch shift to reduce timbre changes.[97]

3.3.5 System for Improved Acoustic 

Performance (SIAP) -1988

SIAP is an in-line system concept that was developed in 

1988 in Netherlands for sound environments that balance 

visual and acoustic perception.[98-101]

The basic hardware configuration of SIAP is to install 

4 ~ 8 super-cadioid microphones near the stage, and play 

with 50 ~ 150 speakers on the ceiling and walls.[102]

Signal processing in SIAP utilizes an envelope that 

controls early reflections and late reverberation. The 

envelope is composed of attack, plateau and decay, and the 

user adjusts the size of each. Using a preset, a simple 

button operation can be changed into an optimal sound 

environment.[103]

3.3.6 Carmen -1998

As a regenerative system, Carmen developed an active 

virtual wall concept based on a cell with a microphone 

installed in front of the speaker (Fig. 36).[104-108] Usually, 

Fig. 33. The concept of MCR system.

Fig. 34. The concept of ERES system.

Fig. 35. The Concept of LARES system.
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20 ~ 30 independent cells are installed and operated in a 

hall.

The Carmen system of the Norwich Theater Royal with 

27 cells can adjust the reverberation time from 1.1 s to 2.2 

s, so it can be used not only for drama but also for classical 

symphony.[105]

3.3.7 VIVACE - 2008

VIVACE is an in-line System developed by Müller- 

BBM of Germany. A number of stage microphones and 

auditorium microphones are collected to create reflections 

and reverberations using a low-latency convolution 

algorithm. Fig. 37 shows that the speaker is installed on the 

wall and the ceiling, and the speaker installed on the wall 

uses a line array speaker that can adjust the direction. It is 

possible to control the sound of the audience by 

minimizing the loss of the sound pressure level according 

to the focusing and distance, which are characteristics of 

the line array.[109-111]

3.3.8 AFC Active Field Control (AFC) - 1987

The AFC system, which evolved into the Hybrid system, 

uses a time-invariant Finite Impulse Response (FIR) filter 

to control early reflection by installing a microphone in the 

stage area.[112-114] 

In addition, “Electronic Microphone Rotator (EMR)” 

was used to create spatially averaged signals for the signals 

picked up by the four omni microphones installed on the 

upper part of the auditorium to ensure small timbre 

changes and system stability (Fig. 38).[115]

The AFC system installed in Arkas Sasebo Large Hall 

can change the reverberation time by 1.7 s ~ 2.3 s, and the 

system installed in SORA Hall in Kani Public Arts Center 

covers the range of 1.2 s ~ 1.8 s.[116]

3.3.9 Constellation - 2005

Constellation, a hybrid system, developed Variable 

Room Acoustics (VRA) system by Meyer Sound in the 

US.[117] The Constellation System shows the same effect as 

acoustically coupled rooms[118]

Fig. 39 shows as a reverberator is included between the 

microphone and speaker of each channel in a similar 

configuration to the 3.3.2 MCR.[89,119-124] It efficiently 

reverberates even small sounds while reducing the room’s 

background noise and timbre changes. The time-invariant 

Fig. 36. The concept of carmen system.

Fig. 37. The concept of VIVACE system.

Fig. 38. The concept of AFC system.
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type reverberator secures system safety by applying an 

all-pass filter to each channel.[125] This hybrid system aims 

to maintain reverberation properties in the audience area 

and early reflection properties in the stage area. 

LOGOMO Hall, in Turku, Finland with Comstellation 

is a multi-purpose hall that can accommodate 1,100 seats, 

1,700 seats and 3,500 seats using a movable seating stand 

(Tribune). The reverberation time of this hall can be 

increased from 0.9 s to 2.5 s with the Constellation 

system.[126,127]

IV. Concluding remarks

The conventional method of acoustic design is to 

develop the space for a balance of sound qualities for the 

primary performance. Sometimes, a limited amount of 

adjustability of acoustics allows a few of those qualities to 

be shifted from one listening setting to another. These 

adjustments help tune the space to match the performance 

and enhance the overall quality of the show, lecture, or 

performance.

However it is apparent that a space tuned to a specific 

performance cannot satisfy various different performance 

genres. In particular, Cultural & art centers in Korea which 

have been used for covering extremely wide range of 

cultural activities, it becomes inevitable to consider the use 

of variable acoustic systems for the satisfaction of both 

audience and performers. 

Many types of passive and active variable acoustic 

systems have been developed and applied in performing 

arts spaces, with various ways of influencing the acoustical 

characteristics of the room. However not all of those 

systems are successful and it is partly due to poor 

understanding of characteristics of each control method. 

The intended range of variability needs to be clearly 

defined at the initial acoustic design stage for the 

successful implementation. As are reviewed in the 

previous sections, each system has its own pros and cons, 

hence a proper variable acoustic system should be chosen 

which suits it purpose. As the range of required variability 

increases, the more systems need to be incorporated.

There also exist criticisms[51,128] about the use of 

variable acoustics. Usually, a passive system changes the 

reverberation time by adjusting the amount of sound 

absorptive material or changing the volume of the space, 

while an active system electronically implements. How-

ever, it should be noted that adjustments of reverberation 

time are not sufficient to allow for excellent acoustics, 

especially in music performance venues. Great cares 

should be taken in these venues as the acoustic quality 

depended on not only reverberation times but many other 

important quantities such as the temporal and spatial 

history of early reflections including their amounts, lateral 

energies, and so on. 

Overly complicated and unintuitive variable acoustic 

systems are difficult to handle by the technical staff and 

finally also rarely used properly. In some instances, it can 

also be observed that even simple, intuitive and efficient 

variable acoustic devices can be used wrongly. Acoustic 

consultants are responsible for the long-term monitoring of 

the rooms they have, and for educating and coaching the 

technical management staff. It is necessary to provide a 

final acoustic instruction manual for the users.

For the successful use of active system the initial room 

condition is very important as the system cannot be used to 

reduce reverberation. Even though the most widely used 

active acoustic system nowadays, the AFC and Con-

stellation, can sufficiently simulate reverberation, a certain 

Fig. 39. The concept of Constellation system.
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amount of natural reverberation is indispensable for 

securing naturalness of acoustics provided by active 

systems. The initial room condition before installing active 

system needs to be designed too dry is not recommended. 

References

1. Y. J. Park, “Cultural & art center, as a cultural strong-

hold for creating local culture”, Korean culture & 

Arts J. 26-32 (2005). 

2. Korea Arts Management Service, Survey on the per-

forming art-National statistics (Ministry of Culture, 

Seoul, 2020), chapter 2 and 4.

3. Statistics KOREA Government Official Work Con-

ference, http://www.index.go.kr/potal/main/EachDtl 

PageDetail.do?idx_cd=1641&param=002, (Last viewed 

August 13, 2021).

4. M. Barron, Auditorium Acoustics and Architectural 

Design, 2nd ed. (Spon Press, London, 2009), pp. 386.

5. D. Jeong and H. Jeong, “Investigation of preferred 

acoustics of a room for traditional Korean music,” 

Proc. INTER-NOISE and NOISE-CON Congress 

and Conf. 1056-1060 (2003).

6. W. Yang, K. Kwak, S. Yang, B. B. Santika, and C, 

Seo, “Reverberation times preferred by traditionally 

trained versus classically trained musicians for over-

all impression of contemporary gugak orchestras 

using auralisation techniques,” Applied Acoustics, 

180, 1-13 (2021).

7. I. Allen, Technical Guidelines for Dolby Stereo Theatres 

(Dolby Laboratories Incorporated, Sanfrancisco, 1994), 

pp. 67.

8. N. W. Adelman-Larsen, E. R. Thompson, and A. Gade, 

“Suitable reverberation times for halls for rock and 

pop music,” J. Acoust. Soc. Am. 127, 247-255 (2010).

9. Ermann, Architectural Acoustics Illustrated (Wiley, 

Hoboken, 2015), pp. 71-73.

10. P. Z. Kozlowski, “Effectiveness of acoustic banners 

depending on their arrangement in the concert hall- 

case study,” Vibrations in Physical Systems, 30, 1-8 

(2019).

11. Entertainment Technology News on Web, http://www. 

etnow.com/news/2011/4/j-and-c-joel-at-the-apex-ce

ntre, (Last viewed November 28, 2021).

12. S. Jouan and A. Randrianoelina, “LG Arts Centre, 

Seoul, South Korea, conception of a performing art 

centre in South Korea and cultural differences,” 

Proc. the Institute of Acoustics, 40, 577-584 (2018).

13. V. M. A. Peutz, “The variable acoustics of the Espace 

de Projection of IRCAM (Paris),” AES 59th Conven-

tion, paper no. 1310 (1978).

14. F. A. Everest and K. C. Pohlmann, Master Handbook 

of Acoustics (McGraw Hill, New York, 2009), pp. 

280.

15. M. Cairoli, “Architectural customized design for 

variable acoustics in a multipurpose auditorium,” 

Applied Acoustics, 140, 167-177 (2018).

16. L. Shtrepi, A. Astolfi, G. D’Antonio, and M. Guski, 

“Objective and perceptual evaluation of distance- 

dependent scattered sound effects in a small vari-

able- acoustics hall,” J. Acoust. Soc. Am. 140, 3651- 

3662 (2016).

17. N. W. Adelman-Larsen, E. R. Thompson, and A. C. 

Gade, “Suitable reverberation times in halls for rock 

and pop music,” J. Acoust. Soc. Am. 127, 247-255 

(2010).

18. N. W. Adelman-Larsen, C. H. Jeong, and B. Støfringsdal, 

“Investigation on acceptable reverberation times at 

various octave bands in halls that present amplified 

music,” Applied Acoustics, 129, 104-107 (2018).

19. K. Jambrošić, H. Domitrović, and M. Horvat, “The 

acoustics of a multifunctional concert hall in Zagreb,” 

Proc. EuroRegio, 1-10 (2016).

20. N. W. Adelman-Larsen, “Acoustics for amplified 

music and a new, variable acoustics technology that 

includes low frequencies,” Proc. ISRA. 1-11 (2016).

21. N. W. Adelman-Larsen, “On a new, variable broad-

band absorption product and acceptable tolerances 

of T30 in halls for amplified music,” J. Acoust. Soc. 

Am. 14, 015002 (2011).

22. N.W. Adelman-Larsen, “Real case measurements of 

new variable acoustics technology,” Proc. ISRA. 

339-344 (2019). 

23. D. L. Klepper, R. B. Newman, and B. G. Watters, 

“Acoustics of the Jesse H. Jones Performing Arts 

Hall,” J. Acoust. Soc. Am. 44, 366 (1968).

24. R. Orlowski, “Multi-purpose halls and variable acou-

stics,” Proc. Forum Acusticum Sevilla, Paper no. 

RBA-02-010-IP (2002).

25. R. A. Tenenbaum, L. V. Oliveira, and S. Müller, 

“Acoustical analysis of a variable roof configuration 

concert hall-The Sao Paulo Hall,” J. Acoust. Soc. 

Am. 123, 2974 (2008).

26. R. A. Tenenbaum, L. V. Oliveira, and S. Muller, 

“Roof configurations, room quality parameters and 

musical performances: An analysis of the São Paulo 

Hall,” Building Acoustics, 20, 55-80 (2013).

27. Waagner Biro Stage System, https://www.waagner- 

biro-stage.com/en/portfolio/stavanger-konserthus-en/, 

(Last viewed August 28, 2021). 

28. Y. Jurkiewicz, E. Kahle, and B. F.G. Katz, “Stavanger 

Concert Hall, Acoustic design, and measurement 

results,” Proc. of the Institute of Acoustics, 37, 300- 



Variable Acoustics in performance venues- A review

The Journal of the Acoustical Society of Korea Vol.40, No.6 (2021)

645

307 (2015).

29. Y. Jurkiewicz, “Variable acoustics, from design to 

everyday practice. Can it really work?,” Proc. 

Forum Acusticum, 1203-1204 (2020).

30. M. Barron, “The Gulbenkian Great Hall, Lisbon, II: 

An acoustic study of a concert hall with variable 

stage,” J. Acoust. Soc. Am. 59, 481-502 (1978).

31. J. R. Hyde, “Segerstrom Hall- Evaluation of measure-

ments and design details,” J. Acoust. Soc. Am. 80, 

S2, (1986).

32. J. Valentine and C. Day, “Acoustic design and per-

formance of the Bruce Mason theater,” J. Acoust. 

Soc. Am. 103, 3024 (1998).

33. M. Ikeda, S. Kishinaga, and F. Kawakami, “Two 

acoustical solutions for multipurpose halls: Active 

field control and physical control,” Proc. ISRA. 1-8 

(2004).

34. L. Maarten, M. Rob, and V. Martijin, “Variable acou-

stics of theater “De Spiegel” in Zwolle (NL),” Proc. 

ISRA. 1-6 (2007)

35. H. Möller, A. Ruusuvuori, O. Salmensaari, and O. 

Lindfors “Designing halls with variable acoustics,” 

Proc. Joint Baltic-Nordic Acoustics Meeting, 1-7 

(2008).

36. M. Ermann, “Coupled volumes: Secondary room 

reverberance and the double-sloped decay of concert 

halls,” Building Acoustics, 12, 165-174 (2005).

37. D. T. Bradley, Analysis of parameter effects on sound 

energy decay in coupled volume systems, (Ph.D. 

thesis, University of Nebraska, 2006).

38. M. Ermann and M. Johnson, “Pilot study: Exposure 

and materiality of the secondary room and its impact 

on the impulse response of coupled-volume concert 

halls,” J. Acoust. Soc. Am. 111, 2331A (2002). 

39. J. C. Jaffe, “Innovative approaches to the design of 

symphony halls,” Acoust. Sci. & Tech. 26, 240-243 

(2005).

40. X. Zha, H. Fuchs, H. Drotleff, and X. Zhou, “Room 

acoustics for 4 uses- Groβes Haus Staatstheater Mainz,” 

CFA/DAGA ’04, Strasbourg, 03, 523-527 (2004).

41. R. Johnson and R. Essert, “Broadening the range of 

variable reverberance,” J. Acoust. Soc. Am. 90, 

4AA1 (1991). 

42. R Johnson, E Kahle, R Essert, “Variable coupled 

cubage for music performance,” Proc. Music and 

concert hall acoustics conf. 1-6 (1995).

43. KKL Luzern, https://www.kkl-luzern.ch/en/your-event/ 

your-congress/concert-hall, (Last viewed August 21, 

2021).

44. E. Kahle, R. Johnson, and B. Katz, “The new Kon-

zertsaal of the KKL Center, Lucerne, Switzerland. 

II. Preliminary acoustical measurements,” J. Acoust. 

Soc. Am. 105, 928 (1999).

45. R. Johnson and E. Kahle, “The new Konzertsaal of 

the KKL Center, Lucerne, Switzerland. I. Acoustic 

design,” J. Acoust. Soc. Am. 105, 928(1999).

46. PC Control, “World class concert acoustics with 

Beckhoff automation technology,” PC Control, 04 

50-51 (2011).

47. C. Storch, “Acoustics considerations in the con-

struction of Sibelius Hall,” Proc. 8th World conf. on 

timber engineering, 19-26 (2004).

48. Z. Sü-Gül and M. Çalışkan, “Acoustical considera-

tions in the design of Heydar Aliyev Center Audi-

torium,” Proc, ISRA. 1-7 (2010).

49. G. Siebein and M. A. Gold, “Designing the concert 

hall of the 21st century: Historic precedent and 

virtual reality,” Proc. 85th ACSA Annual Meeting, 

Architecture: Material and Imagined, 52-59 (1997).

50. ARTEC, http://www.artecconsultants.com/03_projects/ 

performing_arts_venues/tampa_bay_center/images/

morsani_hall_photo02.html, (Last viewed August 

21, 2021).

51. M. Barron, R. Mackenzie, R. Mackenzie, and R. 

Orlowski, “Developments in building acoustics 

1974 - 2014,” Acoustics Bulletin, 39, 1-12 (2014).

52. E. A. Wetherill, “Variable acoustics: A review of se-

veral auditoria,” J. Acoust. Soc. Am. 69, S74 (1981).

53. Berkshire Fine Arts, https://www.berkshirefinearts. 

com/06-25-2017_the-bso-season-at-tanglewood.htm, 

(Last viewed August 21, 2021).

54. L. L. Beranek, Concert Halls and Opera Houses, Music 

Acoustics and Architecture (Academic Press, New 

York, 2002), pp. 93-98.

55. Pro Audio Encyclopedia, http://proaudioencyclopedia. 

com/an-assessment-of-the-importance-of-the-early-

to-reverberant-sound-energy-ratio-in-concert-hall-a

coustics/ (Last viewed August 21, 2021). 

56. J. Bliefnick, A. Hulva, and D. Cheenne, “The de-

velopment and analysis of a large variable acoustics 

space,” J. Acoust. Soc. Am. 135, 2237 (2014).

57. Savvy California, https://savvycalifornia.com/seger 

strom-center–for-the-arts/, (Last viewed August 21, 

2021).

58. Voith & Mactavish Architects,https://voithandmacta 

vish.com/projects/the-kimmel-center-verizon-hall/, 

(Last viewed Nov. 26, 2021).

59. L. Beranek, Concert and Opera Hall. Music, Acoustics, 

and Architecture, 2ndEd (Springer, New York, 2004), 

pp. 19-23. 

60. G. Davis and R. Jones, The Sound Reinforcement 

Handbook 2nd Ed (Hal Leonard Publishing Corpora-

tion, New York, 1990), pp. 243-270.

61. M. Talbot-Smith, Audio Engineer’s Reference Book 2nd 



Jinoh Hyon and Daeup Jeong

한국음향학회지 제40권 제6호 (2021)

646

Ed (Focal Press, Oxford. 1999), Section 4.1-4.8.

62. M. R. Schroeder, “Improved quasi-stereophony and 

“colorless” artificial reverberation,” J. Acoust. Soc. 

Am. 33, 1061-1064 (1961).

63. M. R. Schroeder, “Natural-sounding artificial rever-

beration,” J. Audio Eng. Soc. 10, 219-223 (1962).

64. M. R. Schroeder, “Digital simulation of sound trans-

mission in reverberant spaces,” J. Acoust. Soc. Am. 

47, 424-431 (1970).

65. M. R. Schroeder, “Computer models for concert hall 

acoustics,” Am. J. Physics, 41, 461-471 (1973).

66. J. A. Moorer, “About this reverberation business,” 

Comp. Music J. 3, 13-28 (1979).

67. J. Stautner and M. Puckette, “Designing multi-channel 

reverberators,” Comp. Music J. 6, 569-579 (1982).

68. T. Lokki, J. Pätynen, T. Peltonen, and O. Salmensaari, 

“A rehearsal hall with virtual acoustics for sym-

phony orchestras,” AES 126th AES Convention, 

paper no. 7695 (2009).

69. A. V. Oppenheim and R. W. Schafer, Discrete-Time 

Signal Processing (Prentice-Hall, New Jersey, 1989), 

pp. 8-70.

70. M. Vorländer, Auralization, Fundamental of Acou-

stics, Modelling, Simulation, Algorithms and Acoustic 

Virtual Reality, 2st Ed (Springer, Berlin, 2008), pp. 

103-122.

71. P. Svensson, On reverberation enhancement in audi-

toria, (Ph.D. thesis, Chalmers University Tech. 1994).

72. P. U. Svensson, “Influence of electroacoustic parameters 

on the performance of reverberation enhancement 

systems,” J. Acoust. Soc. Am. 94, 162-171 (1993).

73. F. Kaiser, C. Frischmann, and V. Werner, “Room 

acoustic evaluation of active acoustics systems-results 

from measurements,” Proc. of the ISRA. 177-185 

(2019).

74. M. A. Poletti, “The analysis of a general assisted 

reverberation system,” Acustica with Acta Acustica, 

84, 766-775 (1998).

75. M. A. Poletti, “The control of early and late energy 

using the variable room acoustics system,” J. 

Acoust. Soc. Am. 114, 2341-2341 (2003).

76. H. Miyazaki, T. Watanabe, S. Kishinaga and F. 

Kawakami, “Active Field Control (AFC): Reverbe-

ration enhancement system using acoustical feed-

back control,” Proc, AES 115th Convention, paper 

no. 5861 (2003).

77. A. J. Jones, “The History and application of ’Assisted 

resonace,” AIRO Res. Summary, (1982).

78. J. S. Bradley, “In-channel response of an electroacoustic 

feedback channel,” Acustica 32, 1-12 (1975).

79. J. S. Bradley, “The response of an electroacoustic 

feedback channel with a remote source or a remote 

receiver,” Acustica, 32, 3-22 (1975).

80. A. Krokstad, “Electroacoustic means of controlling 

auditorium acoustics,” Appl. Acoust. 24, 275-288 

(1988).

81. P. H. Parkin and K. Morgan, “A special report on the 

experimental ‘Assisted Resonance’ system in the 

Royal Festival Hall,” J. Sound Vib. 1, 335-342 

(1964).

82. P. H. Parkin and K. Morgan, “‘Assisted resonance’ 

in the Royal Festival Hall, London, 1965-1969,” J. 

Acoust. Soc. Am. 48, 1025-1035 (1970).

83. P. H. Parkin, “Assisted resonace at the Central Hall, 

York University,” archit. J. 297-300 (1974).

84. J. G. Charles, J. Miller, and H. Gwatkin, “ Assisting 

the assisted resonance at the central hall. York, UK,” 

Applied Acoustics, 21, 199-223 (1987).

85. A. Krokstad, “Electroacoustic means of controlling 

auditorium acoustics,” Appl. Acoust. 24, 275-288 

(1988).

86. S. H. de Koning, “The MCR system-multiple-channel 

amplification of reverberation,” Philips Tech. Review, 

41, 12-23 (1983/84).

87. S. Dahlstedt, “Electronic reverberation equipment in 

the Stockholm concert hall,” J. Audio Eng. Soc. 22, 

627-631 (1974).

88. S.Strøm, A. Krokstad, S. Sørsdal, and S. Stensby 

“Design of room acoustics and a MCR reverbe-

ration system for Djergsted Concert Hall in Stavanger”. 

Applied Acoustics, 19, 465-475 (1986).

89. M. A. Poletti, The performance of multichannel sound 

systems, (Ph.D. thesis, University of Auckland, 2001).

90. C. Jaffe, “Electronic sound enhancing system,” U.S 

Patent No. 4,061,876, 1977.

91. D. Griesinger, “Improving room acoustics through 

time-variant synthetic reverberation,” AES Convention, 

90th paper no. 3014 (1990).

92. D. Griesinger, “Improving room acoustics through 

time-variant synthetic reverberation,” AES 90th 

Convention, paper no, 3014 (1991). 

93. D. Grisinger, “Electroacoustic system,” U.S. Patent 

No. 5,109,419, 1992.

94. S. Barbar, “Further development in the design, im-

plementation, and performance of time variant acoustic 

enhancement systems,” Proc. IOA. 1-9 (1994).

95. D. Griesinger. “Recent experiences with electronic 

acoustic enhancement in Concert Halls and Opera 

Houses,” Sixth Int. Cong. Sound and Vib. 1-9 (1999).

96. D. Griesinger, “Progress in electronically variable 

acoustics,” Proc. W. C. Sabine Cent. Symp. Acoust. 

Soc. Am. 57-60 (1994).

97. S. Barbar, “Inside out - Time variant electronic 

acoustic enhancement provides the missing link for 



Variable Acoustics in performance venues- A review

The Journal of the Acoustical Society of Korea Vol.40, No.6 (2021)

647

acoustic music outdoors,” Proc. AES 127th Convention, 

paper no. 7831 (2009).

98. W. C. J. M. Prinssen, and M. Holden, “System for 

improved acoustic performance,” Proc. Inst. of Acoust. 

14, 93-101 (1992).

99. W. C. J. M. Prinssen and B. H. M. Kok, “Technical 

innovations in the field of electronic modification of 

acoustic spaces,” Proc. Inst. of Acoust. 343-364 (1994).

100. W. C. J. M. Prinssen and B. H. M. Kok, “Active 

and passive acoustics: Comparison of performance 

characteristics and practical application possibilities, 

presentation of a case study,” Proc. Inst. of Acoust. 

17, (1995).

101. W. Anhert and T. Behrens, “Experiences with an 

electronic enhancement system in a mid-size the-

atre,” Proc. 19th ICA. 1-6 (2007).

102. B. Kok and W. Prinssen, “Electroacoustic correction 

of auditoria which have poorly coupled spaces 

using a SIAP system, a case study,” Proceeding of 

the Institute of Acoustics. 17, Part 1 (1995).

103. W. C. J. M. Prinssen and B. H. M. Kok, “Active 

and passive orchestra shells and stage acoustic,” J. 

Acoust. Soc. 97, part 1 (1995). 

104. D. Guicking, K. Karcher, and M. Rollwage: “Co-

herentactive methods for applications in room 

acoustics,” J. Acoust. Soc. Am. 78, 1426-1434 (1995)

105. C. Rougier, I. Schmich, P. Chervin, and P. Gillieron, 

“CARMEN in the Norwich Theatre Royal, UK,” 

Proc. Acoustics, 2499-2504 (2008).

106. X. Meynial and F. Nicol, “Influence of intercorrelation 

between channels in regenerative reverberation en-

hancement systems,” Proc. 17th ICA. 3 (2001).

107. O. Vuichard and X. Meynial, “On microphone po-

sitioning in electroacoustic reverberation enhance-

ment systems,” Acustica, 86, 853-859 (2000). 

108. I. Schmich and J-P. Vian, “CARMEN: A physical 

approach for Room Acoustic Enhancement System,” 

Proc. 7th CFA DAGA. 517-518 (2004).

109. VIVACE, Müller-BBM, https://vivace.mbbm-aso.com/ 

vivace, (Last viewed August 24, 2021).

110. F. Walter and F. Melchior, “On the measurement of 

electro acoustic enhanced sound fields,” AES 124th 

Convention, paper no.7468 (2008).

111. VIVACE, Müller-BBM-Project, https://vivace.mbbm

-aso.com/projects, (Last viewed August 24, 2021).

112. H. Miyazaki, T. Watanabe, S. Kishinaga, and F. 

Kawakami, “Active Field Control (AFC): Reverbe-

ration enhancement system using acoustical feed-

back control,” AES 115th Convention, paper no. 

5861 (2003).

113. F. Kawakami and Y. Shimizu, “Active field control 

in auditoria,” Appl. Acoust. 31, 47-75 (1990).

114. T. Watanabe and M. ikeda, “Various application of 

active field control,” AES 134th Convention, paper 

no. 8859 (2013).

115. R. Bakker, “Active acoustic enhancement systems - 

introducing Yamaha AFC3,” Proc. the 27th Ton 

Meister Tagung, 1-8 (2012). 

116. M. Ikeda, S. Kishinaga, and F. Kawakami. “Two 

acoustical solutions for multipurpose halls-active 

field control and physical control,” Proc. Int. Symp. 

on Room Acoustics, 1-8 (2004).

117. M. A. Poletti, “The control of early and late energy 

using the variable room acoustics system,” Proc. 

Acoustics, 215-218 (2006).

118. M. A. Poletti, “A comparison of passive and active 

coupled rooms for acoustic control,” Proc. Internoise, 

93-96 (1998).

119. M. A. Poletti, “On controlling the apparent absorp-

tion and volume in assisted reverberation systems,” 

Acustica, 78, 61-73 (1993).

120. M. A. Poletti, “The performance of a new assisted 

reverberation system,” Acta Acustica, 2, 511-524, 

(1994).

121. M. A. Poletti, “An assisted reverberation system for 

controlling apparent room absorption and volume,” 

AES 101st Convention, paper no. 4365 (1996).

122. M. A. Poletti, “Active Acoustic Systems for the 

Control of Room Acoustics,” Building Acoustics, 

18, 237-258 (2011).

123. M. A. Poletti and R. Schwenke, “Prediction and 

verification of powered loudspeaker requirements 

for an assisted reverberation system,” AES 121st 

AES Convention, paper no.6866 (2006).

124. R. Schwenke, S. Ellison, and M. Poletti, “Prediction 

and measurement of reverberation increase from 

electroacoustic architecture systems,” J. Acoust. 

Soc. Am. 125, 2545 ( 2009).

125. M. A. Poletti, “A unitary reverberator for reduced 

colouration in assisted reverberation systems,” 

Proc. Int. Symp. on Active Control of Sound and 

Vib. 1223-1232 (1995).

126. J. Riionheimo, H. Möller, and A. Ruusuvuori, “The 

LOGOMO HAll” Proc. BNAM. 1-7 (2012).

127. N. W. Adelman-Larsen, E. R. Thompson, and A. C. 

Gade, “Suitable reverberation times for halls for 

rock and pop music,” J. Acoust. Soc Am. 127, 

247-255 (2010).

128. Y. Toyota, M. Komoda, D. Beckmann, M. Quiquerez, 

and E. Bergal, Concert Hall by Nagata Acoustics- 

Thirty Years of Acoustical Design for Music Venues 

and Vineyard-Style Auditoria- (Springer Nature, 

Cham Switzerland, 2020), pp. 329.



Jinoh Hyon and Daeup Jeong

한국음향학회지 제40권 제6호 (2021)

648

Profile

▸Jinoh Hyon (현진오)

He graduated with a BSc in Audio Engineering 

from the Australian Institute of Music in 

Australia 2003. He took the MSc degree in 

Audio design at the University of Sydney 

in Australia 2004, and PhD in Electronic 

Engineering from Myonji University in 

South Korea, 2021, He has been Working 

for Audio design & consulting in J. Acouscis. 

Team (JAT) as a CEO. His research 

interests include Audio DSP, binaural 

audio, immersive sound, and architectural 

acoustics.

▸Daeup Jeong (정대업)

He graduated with a BSc in Architectural 

Engineering from Yonsei University in 

1987. He took the MSc degree in Archi-

tectural Acoustics and received and PhD 

in Architectural Acoustics at the University 

of Sydney in Australia. He has been 

working for the department of Architectural 

Engineering in Jeonbuk National University 

as a professor since 2000. His research 

interest includes auditorium acoustics, 

building acoustics and acoustic quality in 

buildings. 


