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STUDIO ACOUSTICS
Acoustic Control
A lot of different factors contribute to the “sound” of a room:

· Room size: affects both the low frequency response and the room cutoff frequency, as well as rev. time;
· Room shape and proportions (room dimensions, parallel or non parallel surfaces): affect the resonance modes and the frequency response, and the diffusion of the reverberation;
· Reverberation time: depends on the room size as well as the absorption coefficients  of the materials used for all surfaces
· Frequency Response: depends from size, shape and absorption coefficients
· Doors and windows construction and placement;
· Furniture, placement of equipment (mixer, effect racks, etc.), instruments, etc.;
· In a control room, the placement of loudspeakers (flush mounted main monitors, midfield, nearfield).
Acoustical Requirements

The sound requirements for control rooms can be very different from those of recording rooms.

Control Rooms should be as “neutral” as possible, in other words they should add no coloration whatsoever to the sound coming out of the monitor loudspeakers (in an ideal case, you should not hear the room coloring at all).
A more neutral “coding” of the sound during mixing/mastering ensures higher chances that the “decoding” on any given system will be closer to the original. Any coloration added during mixing/mastering can potentially be made worse due to additional colorations during playback on other systems and cause extreme irregular frequency responses.
Recording Rooms on the other hand not only can, but should have character. Depending on the kind of instruments and musical style, the requirements might vary. Recording rooms do not need sound “neutral” like control rooms, nor should they always be symmetrical.

Usually larger studio facilities have a selection of different acoustic spaces with different characteristics:

· “live” rooms, with longer reverberation, for instrumental recording

· “dead” rooms, with little or no reverberation, for vocal or speech recording

· rooms with variable acoustics (using moving or rotating panels, or curtains)

Generally speaking, vocal and speech recording rooms should usually offer a relatively dry and uncolored acoustic, to achieve maximum clarity. This can be both provided by a very absorptive small room, or in a neutral sounding larger room.
The acoustic of instrumental recording rooms might vary between relatively dry (0.5 – 0.8 sec reverb) to quite reverberant (1.2 – 2.5 sec) depending on the musical style. 
Sometimes classical music instrument and choir require longer reverberation times that can only be achieved in concert halls or churches.
Isolation Booths should be as dead as possible in order to minimize transmission of sound across the rooms they connect. Here the sound and frequency response of the room is irrelevant.

Also Machine Rooms should be as dead as possible, in order to avoid that equipment noise resonates or is amplified and in extreme case leaks in the adjacent rooms.

Room Parameters

Room Shape and Proportions - Eigenmodi
The room shape and proportions affect the pattern of the Eigenmodi (the room own resonance modes), and the amount of “diffusion” (density of the reverberation). 

The room modes are classified in:

· Axial Modes (occurring between opposite parallel surfaces, therefore along  the 3 main axis of the room): the dominant factor

· Tangential Modes (occurring among 4 surfaces, avoiding 2 that are parallel): can still be significant in rooms with hard/stiff surfaces

· Oblique Modes (occurring among any and all surfaces): are rarely significant

An easy way to calculate the Axial Modes of a room is: 

f1 =     c         
         2 x L   

· f1 = frequency of the 1st axial mode

· c = speed of sound and 

· L = dimension of the room considered

The next axial modes of that dimensions are simply:


f2 = 2x f1
f3 = 3x f3
…..


The Eigenmodi should be spaced as evenly as possible. Therefore, room proportions where one dimension is a multiple of the other (like a room with 10 x 5 x 2,5 m size), or with same dimensions for length, width and height (like a room with 5 x 5 x 5 m size), must be absolutely avoided: this would generate extreme strong resonances of certain frequencies that are supported by all three room dimensions (in example 1: waves resonating at the 2,5 dimension fit also the 5 and 10 m dimensions).

There are several studies about optimal room proportions, for example: 


· L. W. Sepmeyer (1965): 
best ratio 1 : 1.14 : 1.39

· M. M. Louden (1971): 
best ratio 1 : 1.4 : 1.9
Check this link on the Studiotip Forum for more information:


· http://forum.studiotips.com/viewtopic.php?p=5570 

Of course, once the room layout is not based on parallel surfaces, like in modern control rooms, it is not easy to predict the behavior of room resonances, unless using special acoustic design software.
Room Size and Reverberation Time
Room size affects the lowest frequencies that can be played back with support from the room own resonance modes (Eigenmodi), as well as the reverberation time.

In larger rooms, the natural resonating modes start from a lower frequency; therefore the Eigenmodi are less spaced apart (= more dense) in the critical range between 20 and 200 Hz compared to small rooms. As there are less resonance peaks and gaps, a more even frequency response is easily achieved, and besides the rev. time can be relatively constant across the sound spectrum. 

Reverberation time is generally longer in a larger room, as it takes longer time for sound waves to travel from one surface to another, and more time for the sound energy to be dampened/absorbed by these surfaces. The effective rev. time depends on both size and the absorption coefficient of the materials used.

A Control Room should ideally not be smaller than about 100 m³ (for example, 5 x 6.5 x 3 m), if frequencies down to 25 Hz have to be played back with natural mode reinforcement. Unfortunately many control rooms do not even meet this basic requirement.

Recording Room sizes can vary, depending from what should be recorded: a booth for dry vocal or drum recording could be a few m³ size (for example, 3,5 x 2 x 2,5 = 17,5 m³), while a room for ensemble recording should be at least 150-200 m³ in size (for example, 9 x 5,5 x 4 = 198 m³), to provide adequate diffusion and a rev. time of about 0,5 – 0,7 sec.
Control Rooms
Basic Requirements
In modern design of Control Rooms, the tendency is towards a symmetrical layout, but without parallel surfaces: slanted walls contribute to diffusion (denser reverberation) and avoid slap-back and flutter-echo effects, as the sound waves cannot bounce back and forth between the two parallel surfaces. For the same reason, the ceiling of a Control Room is not parallel to the floor, but usually is lower near the front wall, and higher towards the back wall.

Slap-back and flutter-echo are undesired phenomena which would greatly compromise the acoustic of the room, so they should be avoided in any case. 

The standard size of a modern Control Room is about 7m length by about 4 to 6m width (4 m for the front wall with flush mounted speakers, and 6 m for the back wall with diffusors). The height varies between 2.5 (front) and 3.5 m (back). The effective height of the structure is often a higher value, if large amounts of wide-band absorbers are to be fitted in the ceiling.

It is important that the back wall is about 3 – 3.5 m away from the mixing position, so that the reflections from that wall (usually fitted with diffusers) arrives about 18-22 ms after the direct sound from the main speakers. This time gap is important to avoid comb-filtering and smearing of the stereo image. Larger time gaps are undesired, as it would be perceived as a distinct echo reflection.

In a control room the reverb time should be as short as possible, and in any case shorted as the reverb of the recording; otherwise it would mask the sound of the acoustic spaces being recorded. 

The standard reverberation decay time RT60 (the time the sound energy of the reverb takes to drop 60dB from the direct sound emission) for a modern Control Room is between 200 and 300 ms. Larger Control Rooms (over 60 m² area) might have higher RT60, but it is important that the level of the reverberation remains as low as possible.

This requires large amount of wide-band absorbing elements, usually placed on the ceiling (these are usually based on some kind of rock, glass or wood fiber wool, between 10 and 50 cm thick depending on the lowest target frequency to be absorbed, enclosed in supporting wooden or metal frames). If some surfaces are using materials that absorb only in the mid and high range (like carpets or curtains), special low frequency absorption elements must be used to compensate and achieve a linear response (bass traps, Helmholz resonators).
A completely dry room is not desirable, as it causes listening fatigue: the ideal goal would be to receive dry, coherent sound from the monitor loudspeakers within the first 20 ms, undisturbed by any early reflection, followed by a diffused wash of reflections from the room with about .2 or .3 seconds of decay time.

Typical Control Room Layouts

The most common design types to achieve this goal are LEDE (Live End, Dead End), RFZ (Reflection Free Zone), Non Environment and ESS (Early Sound Scattering)
LEDE
Live End / Dead End Control Rooms are using built on the principle of very absorptive speaker front walls and ceilings (the Dead End), in order to eliminate secondary paths to the listening position, and a rather reflective back wall (ev. with a set of “diffusors” to avoid too sharp reflections), which provide a set of late reflections to the listening position that do not color the sound (usually later than 20 ms, and reduced in intensity). These reflections eliminate the unpleasant impression of working in an acoustically “dead” room, and if properly directed can even improve stereo imaging.

RFZ

Reflection Free Zone Control Rooms are an improvement over LEDE, where in order to avoid early reflections from the speakers (which are always soffit or wall mounted in this type of design) are constructed at specific angles that disperse the sound in the direction of the back wall. The back wall is usually provided with a large array of diffusors (preferably of the RPG type) which add diffused reflections to the sound, also in this case after a delay of about 20 ms.

As the floor is usually also reflective (hard wood), in RFZ rooms it is necessary to have an extremely absorptive ceiling (wide band, full range absorption) in order to keep reverberation time under the desired limit of about 0.3 sec (for a 35-45 m² room).

Non Environment

Non Environment Control Rooms are basically “hemi-anechoic chambers”, where all surfaces except the speaker front wall and the floor are extremely absorptive. The speaker front wall is constructed like in a RFZ design and disperses the reflections towards the absorptive back wall or ceiling. 

In the Non Environment room there are no diffusors on the back wall (which is also a wide band absorber) and therefore there is no wash of “late reflections” like in the LEDE or RFZ designs. The only surfaces that avoid the room from sound unpleasantly “dead” when speaking are the hard floor and front speaker wall.

Non Environment rooms can sound incredibly crispy and accurate, details otherwise hearable only over headphones can be perceived. However their “sound” is unlike any other typical listening environment, so they do not “translate” so well to a standard house reproduction system. Also, because of the high levels of absorption, the monitoring system must provide very high power in order to supply the desired SPL levels.

As in Non Environment rooms the natural room “Eigenmodes” die away very quickly, they do not influence much the frequency response of the room. It is therefore possible to build Control Rooms that are smaller than than 100 m³ and still offer a quite linear playback.

ESS

Early Sound Scattering is in principle similar to LEDE; only instead of absorbing all sound, the front wall is provided with diffusers so that the reflections have a smoother, random pattern that causes less coloration and comb filtering. The diffused reflection help also to mask the unavoidable reflections from the mixing desk.

Absorption Coefficients of standard 
Building Materials and Finishes

NRC (Noise Reduction Coefficient)

NRC is a sound absorption rating.  It measures a percentage of how much sound will not be reflected back from where it came.  Based on a range from .05 to 1.0, where a NRC of 1.0 means that all the sound energy that hits that product passes thru it and does not bounce back to its source.  A NRC of .60 would reflect 40% of the sound back to the source, and let 60% of the noise pass through it.   

	Floor Materials

	MATERIALS
	 
	 
	 
	 
	 
	 

	 
	125 Hz
	250 Hz
	500 Hz
	1000 Hz
	2000 Hz
	4000 HZ

	 
	 
	 
	 
	 
	 
	 

	concrete or tile
	.01
	.01
	.15
	.02
	.02
	.02

	linoleum/vinyl tile on concrete
	.02
	.03
	.03
	.03
	.03
	.02

	wood on joists
	.15
	.11
	.10
	.07
	.06
	.07

	parquet on concrete
	.04
	.04
	.07
	.06
	.06
	.07

	carpet on concrete
	.02
	.06
	.14
	.37
	.60
	.65

	carpet on foam
	.08
	.24
	.57
	.69
	.71
	.73

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 


	Seating Materials

	MATERIALS
	 
	 
	 
	 
	 
	 

	 
	125 Hz
	250 Hz
	500 Hz
	1000 Hz
	2000 Hz
	4000 HZ

	 
	 
	 
	 
	 
	 
	 

	fully occupied - fabric upholstered
	.60
	.74
	.88
	.96
	.93
	.85

	occupied wooden pews
	.57
	.61
	.75
	.86
	.91
	.86

	empty - fabric upholstered
	.49
	.66
	.80
	.88
	.82
	.70

	empty metal/wood seats
	.15
	.19
	.22
	.39
	.38
	.30

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 


	Wall Materials

	MATERIALS
	 
	 
	 
	 
	 
	 

	 
	125 Hz
	250 Hz
	500 Hz
	1000 Hz
	2000 Hz
	4000 HZ

	 
	 
	 
	 
	 
	 
	 

	Brick: unglazed
	.03
	.03
	.03
	.04
	.05
	.07

	Brick: unglazed & painted
	.01
	.01
	.02
	.02
	.02
	.03

	Concrete block - coarse
	.36
	.44
	.31
	.29
	.39
	.25

	Concrete block - painted
	0.10
	.05
	.06
	.07
	.09
	.08

	Curtain: 10 oz/sq yd fabric
	.03
	.04
	.11
	.17
	.24
	.35

	Curtain: 14 oz/sq yd
	.07
	.31
	.49
	.75
	.70
	.60

	Curtain: 18 oz/sq yd
	.14
	.35
	.55
	.72
	.70
	.65

	Fiberglass: 2" 703 no airspace
	.22
	.82
	.99
	.99
	.99
	.99

	Fiberglass: spray 5"
	.05
	.15
	.45
	.70
	.80
	.80

	Fiberglass: spray 1"
	.16
	.45
	.70
	.90
	.90
	.85

	Fiberglass: 2" rolls
	.17
	.55
	.80
	.90
	.85
	.80

	Foam: Sonex 2"
	.060
	.25
	.56
	.81
	.90
	.91

	Foam: SDG 3"
	.24
	.58
	.67
	.91
	.96
	.99

	Foam: SDG 4"
	.33
	.90
	.84
	.99
	.98
	.99

	Foam: polyur. 1"
	.13
	.22
	.68
	1.0
	.92
	.97

	Foam: polyur. 1/2"
	.09
	.11
	.22
	.60
	.88
	.94

	Glass: 1/4 plate large
	.18
	.06
	.04
	.03
	.02
	.02

	Glass: window
	.35
	.25
	.18
	.12
	.07
	.04

	Plaster: smooth on tile/brick
	.013
	.015
	.02
	.03
	.04
	.05

	Plaster: rough on lath
	.02
	.03
	.04
	.05
	.04
	.03

	Marble/Tile
	.01
	.01
	.01
	.01
	.02
	.02

	Sheetrock 1/2" 16"o.c.
	.29
	.10
	.05
	.04
	.07
	.09

	Wood: 3/8" plywood panel
	.28
	.22
	.17
	.09
	.10
	.11

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 


	Ceiling Materials

	MATERIALS
	 
	 
	 
	 
	 
	 

	 
	125 Hz
	250 Hz
	500 Hz
	1000 Hz
	2000 Hz
	4000 HZ

	 
	 
	 
	 
	 
	 
	 

	Acoustic Tiles
	.05
	.22
	.52
	.56
	.45
	.32

	Acoustic Ceiling Tiles
	.70
	.66
	.72
	.92
	.88
	.75

	Fiberglass: 2" 703 no airspace
	.22
	.82
	.99
	.99
	.99
	.99

	Fiberglass: spray 5"
	.05
	.15
	.45
	.70
	.80
	.80

	Fiberglass: spray 1"
	.16
	.45
	.70
	.90
	.90
	.85

	Fiberglass: 2" rolls
	.17
	.55
	.80
	.90
	.85
	.80

	wood
	.15
	.11
	.10
	.07
	.06
	.07

	Foam: Sonex 2"
	.060
	.25
	.56
	.81
	.90
	.91

	Foam: SDG 3"
	.24
	.58
	.67
	.91
	.96
	.99

	Foam: SDG 4"
	.33
	.90
	.84
	.99
	.98
	.99

	Foam: polyur. 1"
	.13
	.22
	.68
	1.0
	.92
	.97

	Foam: polyur. 1/2"
	.09
	.11
	.22
	.60
	.88
	.94

	Plaster: smooth on tile/brick
	.013
	.015
	.02
	.03
	.04
	.05

	Plaster: rough on lath
	.02
	.03
	.04
	.05
	.04
	.03

	Sheetrock 1/2" 16"o.c.
	.29
	.10
	.05
	.04
	.07
	.09

	Wood: 3/8" plywood panel
	.28
	.22
	.17
	.09
	.10
	.11

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 


	Miscellaneous Materials

	MATERIALS
	 
	 
	 
	 
	 
	 

	 
	125 Hz
	250 Hz
	500 Hz
	1000 Hz
	2000 Hz
	4000 HZ

	 
	 
	 
	 
	 
	 
	 

	Air: sabins/100 cu. ft.
	 
	 
	 
	0.90
	2.3
	7.2

	Water
	0.008
	0.008
	0.013
	0.015
	0.020
	0.025

	People - adults
	0.25
	0.35
	0.42
	0.46
	0.5
	0.5

	 
	 
	 
	 
	 
	 
	 


Recommended Literature: 

· Master Handbook of Acoustics – F. Alton Everest
[McGrav Hill - ISBN 0-07-136097-2]

· Small Budget Recording Studio – Mike Shea 
[McGrav Hill - ISBN 0-07-138700-5]

· Recording Studio Design – Philip Newell
[Focal Press - ISBN 0-240-51917-5]
Recommended Internet Links:

· Basic Studio Design – Malcolm
http://www.micworks.com/freeinfo/basicdesign.htm 
· Advanced Studio Design – Malcolm
http://www.micworks.com/freeinfo/advanceddesign.htm
· Acoustic Treatment for Home Studios – Peter Elsea
http://arts.ucsc.edu/ems/music/tech_background/TE-14/teces_14.html 
Acoustic Forum:


· StudioTips – http://forum.studiotips.com 
Acoustic Calculators:

· Eigenmodi Calculator – Hunecke
http://www.hunecke.de/german/rechenservice/raumeigenmoden.html
· Reverb Time Calculator – Hunecke
http://www.hunecke.de/german/rechenservice/raumakustik.html 
