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A new acoustical design of control room for
multichannel production and reproduction

Bogic Petrovic, and Zorica Davidovic

Contents — This paper describes a new method of acoustic
adaptation of control rooms with a goal to satisfy the
necessary conditions for a quality control room, able to
provide a better mix translation to other systems, with less
need for the engineer to adapt, which is compatible for stereo
as well as for surround monitoring.

The practical examples of control rooms will be described,
which are realized by using the new principles, along with
the descriptions and experiences of sound engineers who
have worked in them.
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non-environment design, RT60, stereo image, subjective
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I. INTRODUCTION

Beginning of 2006. we were given an engineering task
described by the client in one sole sentence: “Make us the
best small control room in the given space”. The plan for
it was to have both stereo and surround monitoring.

The available space was relatively small (Table 2), and
narrow, with an almost square base (Table 1), and the
speakers were already ordered.

During the last couple of years, small control rooms
became more frequent, mainly because of the changes in
sound engineers approach, and the tendency to move the
workspace to living quarters.

None of the existing approaches [1] was appropriate for
this specific task at hand for one or more reasons, so we
were forced to abandon them.

The control room C at the Blackbird studios [2], [3],
based on wideband diffusion on all of the surfaces except
for the floor was the closest to the idea of how this room
should be treated. But, due to the restrictions caused by
the room dimensions, it was not possible to directly apply
that approach.

We started researching in order to define the best
possible acoustic treatment.

In general, rooms smaller than 80m’ are not advised to
be used for a control room for stereo and surround
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production and reproduction, so it was impossible to find
and apply an existing solution, which could provide
satisfactory results.

II. INITIAL DESIGN CONDITIONS

The first step was to introduce certain limitations and
compromises which could make possible the design of a
treatment with similar/better end result compared to
conventional approaches and solutions.

A. Diffusion

The basic condition which is pre-defined in the new
approach to control room design (in the further text
referred as “MyRoom”) is homogenous diffusion on all of
the surfaces except the floor, for the frequencies above
approximately 1 kHz. Reason for this is the fact that in
small rooms all surfaces are too near to the listener and the
diffusers must be at least three times their lowest designed
wavelength away from listener [4]. It should be kept in
mind that the depth of the diffuser is always at the expense
of the absorption thickness, and that in that case some kind
of a compromise is essential.

B. Absorption

The second condition was for MyRoom treatment to
provide maximum possible absorption of frequencies
below 250 Hz, homogenously on all the surfaces, except
the floor. Without that condition the effect of the diffuse
field would not be satisfactory, because the strong room
modes would acoustically mask them.

III. METHODS

Basic principle is left-right symmetry, and great care
should be taken to sustain it while designing the control
room. Later experience showed that the spaces with so
much diffusion virtually enlarge the subjective perception
of asymmetry in the monitoring; hence the extreme
caution is desirable.

We analyzed many possible approaches to low
frequency absorption, so we decided to use “wideband
absorbing system”, similar to solution which is used in
Tom Hidley/Philip Newell’s “non-environment” design
[5]-

We solved diffusion problem by inventing a new 1D
amplitude grating diffuser which has enough air
transparency not to diminish the efficiency of wideband
absorbers which were placed behind them. An example is
Fig. 2.

Diffuser is made of slats with openings for air flow. Slat
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depth is calculated by using Schroeder’s formula for N=13
[6]. Only wells without fins were used, there are no solid
spacers between the wells. The divider between the wells
is the only air.

For implementing more than one of diffusers on
surfaces, in RES Media Studio, we used a Maximum
Length Sequence (MLS), a pseudorandom sequence, to
determine each diffuser element orientation.
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ig. 1. — Some possible ways of MyRoom design: 1.
air-transparent diffuse surface, 2. stiff wall, 3. low
frequency absorption, 4. horizontal cross-section of room
with soffit monitors, 5. vertical c.s. of room with soffit
monitors, 6. horizontal c.s. of room with free-standing
monitors, 7. vertical c.s. of room with free-standing

monitors.
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Fig. 2. — Side wall applied MyRoom treatment
principle, horizontal cross-section, (top view): 1. air waves
which passes through (blue/absorbed/diffused), 2. Air
waves which cannot pass through (red/reflected/diffused),
3. Diffuser slats, 4. “Through hole” wells, 5. air
transparent fabric, 6. Wideband absorber.

MyRoom principles were employed in two studios, one
having surround 5.1 free-standing speakers (RES Media
Studio: Fig. 3, Fig. 4, Fig. 5, Fig. 6.), and the other with
stereo soffit mounted monitoring (Pressed Lizard Studio:

Fig. 7.).

Fig. 1. shows possible ways of construction. The
possibilities are virtually unlimited, but it should be taken
care to maintain best possible low frequency absorption
and the largest possible number of air-transparent
diffusers, constructed as previously described.

Fig. 2. shows horizontal cross section of treatment. Air
transparent diffusors are mounted on wooden studs.
Behind diffusors is wideband absorber appropriate for
specific room and specific position. Back of diffusers is
covered with air transparent fabric.

IV. MEASUREMENT RESULTS

For the calculation of recommended RT60, it is
necessary to define the volume of the space [7], [8] and
[9]. Having in mind predominantly reflective character of
all the surfaces in a room treated by the MyRoom
principles, we decided that the volume of the room is
what’s left after the treatment elements are applied.

The basic room dimensions are described in the Table

1.

TABLE 1: ROOM DIMENSIONS BEFORE TREATMENT.
Name Width Length Height
RES Media | 3.25m 7.05m 3.32m

The volume of the room is much reduced by the low

frequency acoustic treatment. The volumes are shown in
Table 2.

TABLE 2: ROOM VOLUME.

Name Basic Spent on treatment Tm(s)
RES Media | 76m’ 37.23m’ - 49% 0.183
Recommended value for RT60, Tm, is calculated from:
14
Tm=0.25s3|—— (1)
100m

V is the leftover volume of the room in m’.
RT60 measurement results are shown in Fig. 3.

RT60 Measurements for Studio 1 (RES Media)
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Fig. 3. - RT60 Frequency dependence for the control
room in the RES Media Studio, with AES limitations [9].
Graph shows the response of all five speakers.

Energy Time Curve (Fig. 4.) for RES Media Studio
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measurements show that the response is similar to
Massenburg’s Blackbird Studio C Control Room [3], with
the difference where decay starts from around 20dB and
not from 30dB as is the case there. The difference of 10dB
can be explained by the different level of absorption and
the fact that in our case the diffusers are closer to the

listening spot, since the room base is smaller.
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Fig. 4. — Envelope of impulse response for RES Media
Studio. Similarities with Blackbird Studio C are obvious,
only attenuation of first reflections isn’t 30dB.

Room frequency response, Studio 1 (RES Media)
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Fig. 5. — Acoustical frequency response of the surround
control room in the RES Media Studio along with the
limits defined in AES recommendations [9]. Graph shows

the response of all five speakers.

Frequency response measurements are derived from
impulse response measured by the MLS method (Fig. 5.).

V. SUBIJECTIVE IMPRESSIONS

Subjective impressions are much better than expected.

The impressions are as follows:

1. Reproduction is much more realistic and closer to the
natural source compared to the conventional
acoustical design.

2. Rooms treated in this way cause similar impressions,
no matter the difference in size and shape (they
‘sound’ similar).

3. The detail in reproduction, previously not heard in
other designs.

4. A sense of extremely flat frequency response of the
room.

5. Feeling that the low frequency is evenly distributed
throughout the room, not depending on the listening
position.

Wider, deeper, and more detailed stereo image.

A large level of detail at low SPL.

Excellent mix translation.

The rooms, even with all the absorption, sound very

natural and live.

10. The time of adjusting to the room is very short, and is
mostly to the much higher level of detail.

11. The listeners perceive the space as being acoustically
larger than it physically is.

12. Users, who are capable of recognizing the specific
sound of a sole diffuser in some control room, do not
distinguish that sound in this room, even with so
many of them, just the elevated level of detail in the
material being listened to.

13. The sense of the listener that the “walls” are much
more neutral and “quiet” than in a traditionally
designed room. Walls are virtually “disappearing”?

e

VI. DISCUSSION

RT60 measurements in the RES Media Studio proved
that the results are well compliant to the Audio
Engineering Society (AES) recommendation [9] as shown
in Fig. 3.

The deviation of frequency response from the AES [9]
recommended criteria can be seen in certain frequency
ranges below 100 Hz for front speakers (Fig. 5.) are a
consequence of the lack of space and the possibility to
optimally position all five surround speakers in such a
space. Also, Studio has a starting problem of one of its
cross sections being almost square-shaped.

Room is also very long, and this helps for low
frequency absorbing because there was more space for
bigger absorbers. Reason for this is fact that low
frequencies below 150Hz aren’t directional in room.

The subject questioned agreed that the diffusers, which
are not in the places of the first reflections, contribute to
more detailed and focused image during work.

VIL

The goal of this paper is to show the new approach at
the design of a control room, whose main principle is
homogenous treatment of all the surfaces, as a main
prerequisite  for surround monitoring compatibility.
Practical example was shown as an evaluation of design
usability with the basic measurements.

The principle of having all of the surfaces, except the
floor, air transparent and diffusive, and good low
frequency absorption is definitely the right approach for
the rooms in which surround monitoring is expected.

MyRoom principle can be a better alternative to
conventional design for the rooms of volume of 30m3 and
more...

There is no limit in size; we see no reason as to why the
suggested MyRoom approach would be incompatible with
larger rooms (100m3 and more). We can expect that the
described design principles will perform even better in

SUMMARY
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larger rooms.

We also concluded that diffuse early reflections in
control rooms are extremely important for quality and
more precise (hence more objective) assessment of sound
image, and thus faster decision making during the
production. This assumes a hypothesis that the presence of
diffuse room reflections above 1 kHz causes better mix
translation, even during the trial attempts, and also causes
less work fatigue and more relaxed approach to work.
Also, the already mentioned phenomenon of the diffusers
causing a psychoacoustics feeling of a larger space than it
in reality is helps to reduce the feeling of discomfort
caused by smaller spaces.

By applying MyRoom design to two completely
different small rooms, we resulted with impressive stereo
monitoring.

We believe that by using any of the traditional designs,
we’d not be able to achieve such stereo imaging, detail
level and mix translation with rooms with such small
volumes.

Fig. 6. — RES Media Studio, designed by MyRoom
principles. Side diffusers are air transparent, order N=13.
Behind front speakers is fractal diffuser of order N=7 and

M=7, it is air transparent too.
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Fig. 7. — Pressed Lizard Control Room with stereo
monitoring. Envelope of impulse response.

We can expect that the design principles which showed
results complying in measurement very satisfactory with
recommended objective criteria, although not being large
enough according to current standards, will perform even
better in larger rooms.

The new design, described in this paper, we called
“MyRoom principle”, by the expected scenario that it’s a
small volume room, most probably a home studio located
in an apartment/house in which the owner resides.
Technical names for this design could also be Non-
Coherent (N-C) acoustic design, or Early Reflections
Delay Encryption (ERDE) design...

ACKNOWLEDGEMENTS

We wish to thank D. Vuckovic (producer, Barba
studio), A. Buzadzic (producer) and G. Milosevic (sound
designer) for the help given on objective evaluation of
subjective qualities of given results.

We also wish to thank studios RES Media, Novi Sad
and Pressed Lizard, Beograd for help and patience during
the making of this project.

We thank N. Patkovic (AER Acoustics, Slovenia), for
the encouragement to write this paper.

REFERENCES

[1]1 Jan Voetmann, “50 Years of Sound Control Room Design”, 122™
AES Convention, Vienna, 2007.

[2] Mr. Bonzai, “George Massenburg Builds a Blackbird Room”,
Digizine, Digidesign. Available:
http://www?2.digidesign.com/digizine/dz_main.cfm?edition_id=101
&navid=907

[3] Dr. Peter D’Antonio, “iRoom: The Next Generation Critical
Listening Room”, RPG Diffuser Systems, Inc. 2007. Available:
http://www.rpginc.com/news/seminars/Diffuse_Seminar 2007_iRo
om.pdf

[4] Trevor J. Cox, Peter D’Antonio, “Acoustics Absorbers and
Diffusers”, Second edition, Taylor&Francis, New York, 2009. pp.
46.

[5] Philip Newell, “A proposal for More Perceptually Uniform Control
Room for Stereophonic Music Recording Studios”, 103 AES
Convention, New York, 1997.

[6] Manfred R. Schroeder, “Number Theory in Science and
Communication”, Fifth edition, Springer, Berlin, 2009. pp. 207.

[7] W. Hoeg, L. Christensen, R. Walker, “Subjective assessment of
audio quality— the means and methods within the EBU”, EBU
Technical Review Winter 1997, pp. 40-43.

[8] “Methods for the subjective assessment of small impairments in
audio systems including multichannel sound systems”, ITU-R
Recommendation BS.1116 (rev. 1), ITU, Geneva, 1997.

[91 AES Technical Council, Document AESTD1001.1.01-10,
"Multichannel surround sound systems and operations", New York.
Available:
http://www.aes.org/technical/documents/AESTD1001.pdf

1016




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


