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Abstract: One of the most daunting challenges for today’s “bedroom” producers is
poor monitoring conditions. With the gradual emergence of more affordable
pro-audio equipment, many producer have opted to create music primarily in their
home-studios rather than pay high hourly rates for professional studios. Much of the
same software and to a certain degree, hardware, is now used both by home based
artists as well as studio based artist, thus narrowing the gap in what is possible
between their respective creations. However, the ability to monitor accurately is often
still a huge challenge for home-based artists. Proper studio treatment requires a
keen understanding of acoustics and copious amounts of absorption and diffusion
surfaces to attain desirable monitoring results. In many cases, acousticians are
consulted before the physical walls of the studio are even built in order to create the
most effective plan for an ideal monitoring situation. Besides the near impossibility of
building a room from scratch, the notion of hiring a professional acoustician and
diving down the rabbit-hole of purchasing and/or building acoustic treatment is a
daunting prospect for many bedroom producers. This presentation covers some of
the more well-known, practical and affordable approaches for optimizing one’s
listening environment.



B~ W N

Overview

. The importance of proper monitoring conditions.

The acoustics of small/mid-sized rooms.
Solutions for an optimized listening environment.

Goals + my own adventure.



1. The importance of proper monitoring conditions.



“When you consider that a typical untreated
domestic acoustic environment will, in my
experience render roughly two thirds of the
money you spent on your speakers wasted,
there’s simply no excuse for inaction if you’re
serious about your craft.”

-“Mixing Secrets for the Small Studio” p. 17, Mike
Senior
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2. The acoustics of small/mid-sized rooms.



What do we hear when sound is generated by speakers?

1) direct energy
2) reflected energy

Reflected energy:
A) reflections (early and late)
B) standing waves (room resonances and
flutter)



Early reflections:
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Images: https://www.soundonsound.com/techniques/elephant-control-room
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https://www.soundonsound.com/techniques/elephant-control-room

L ate reflections:

\

http://www.bobgolds.com/RT60/rt60.htm



http://www.bobgolds.com/RT60/rt60.htm

Room resonances:

(like a guitar string)

http://www.ecomusee-bresse7 1.fr/uploads/media/Actes JE 2016.pdf



http://www.ecomusee-bresse71.fr/uploads/media/Actes_JE_2016.pdf

o T
LENGTH L-FT
Al Ny
FIRST
MODE
1130
o= 20
- SECOND MODE
g
w 2fo
(92}
w
o
a
(o]
Z
CDJ THIRD MODE
2 3f,

«—— Distance, D (25ft) —

22.6 Hz

Main Resonance Mode

0 45.2 Hz

2nd Resonance Mode

67.8 Hz

3rd Resonance Mode

https://en.wikibooks.org/wiki/Engineering_Acoustics/Basic Room_Acoustic _Treatments

https://www.audioholics.com/room-acoustics/listening-room-acoustics-1



https://www.audioholics.com/room-acoustics/listening-room-acoustics-1
https://en.wikibooks.org/wiki/Engineering_Acoustics/Basic_Room_Acoustic_Treatments
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Mixing Secrets for the Small Studio, Mike Senior. P. 22


http://www.mcsquared.com/metricmodes.htm

These resonances occur in 3 ways:

Axial Tangential Oblique

http://www.roommodes.com/




And each occurs over various dimensions:

Length Mode Width Mode Height Mode

https://fromvinyltoplastic.com/acoustics-101-sound-basics/



In summary:

Common Room Problems

Primary Reflections Parallel Walls Resonance & Modes
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These phenomena cause problems in monitoring:

Early + Late Reflections:
-comb filtering

Standing waves:
-flutter echoes (noticeable mostly with transients, but for all sound)

Resonances:
-deep boosts and cuts along nodal and antinodal points (up to 15 or 20 dB between a peak or a trough)
-boundary effect (anti-nodes at walls & corners) = 3dB boost at wall, 6dB boost at corner

All:
-time domain smearing



3. Solutions for an optimized listening environment

A) Good room choice

B) Optimal listening position

C) Proper speaker placement

D) Eliminating direction reflections from angles of hard surfaces
E) Absorption

F) Diffusion

G) Software based calibration



A) Room Choice

Avoid small rooms - their resonances interfere most with the frequencies
we want to work with
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https://www.acousticfields.com/small-and-large-room-acoustics/



https://www.acousticfields.com/small-and-large-room-acoustics/
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https://www.acousticfields.com/ideal-room-size-ratios-apply-bonello-graph/

10 feet tall

A) Room Choice

2) Avoid rooms with more than 1 pair of parallel surfaces that are the same
distance apart

-these rooms produce “modal coincidences” - modes tend to “gang up” and
exaggerate each other's effects
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Room Dimensions @ : :
@ Room Dimensions
D
10 feet wide 13.5 feet wide

http://thehometheaterbook.com/home-theater-room-dimensions/



http://thehometheaterbook.com/home-theater-room-dimensions/

A) Room Choice

3) Rooms with non-parallel
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walls are optimal. However, e e coniipeiosemue s . .

they’re harder to find and often
especially designed for
monitoring.
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http://www.soundcontrolroom.com/wp-content/media/Room-with-Angled-Walls.jpg
http://www.soundcontrolroom.com/wp-content/media/Room-with-Angled-Walls.jpg
http://onysid.co/how-to-build-a-home-studio/

B) Listening position

1)  As much as possible, the listening position should be in a point of neutral
pressure. 38% Rule:



https://www.blackghostaudio.com/blog/how-to-improve-room-acoustics-without-acoustic-treatment

B) Listening position

Diagram A
1)  Another take on this concept:

Speaker Wall
RW

T

.

Side Wall
Side Wall

http://www.cardas.com/room_setup_rectangular _room.php



http://www.cardas.com/room_setup_rectangular_room.php

C) Speaker Placement

1) Place speakers close to wall to avoid low frequency comb filtering
1
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https://www.genelec.com/monitor-placement

C) Speaker Placement

Comb filtering:

Distance > 0.6 m can reduce Maximum
the level of these frequencies 0.6m
< > <
\“ i .\v' “ 3
v/
20 40 80 100 150 200 400 (Hz)

https://www.genelec.com/monitor-placement



https://www.genelec.com/monitor-placement

D) Eliminating direction reflections from hard surfaces

Direct sound without |
Reflection from desk ™.

Result Comb-filtering =
N\

Direct sound
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Typical flat desk surface

Direct sound
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E) Absorption

-Broadband vs. Membrane
-Broadband: for treating a wide range of frequencies
-Membrane: tuned to a specific frequency range

SOUND ABSORPTION COEFFICIENT

. Air Cavity and Membrain
L}
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% 3" Fiberglass Panel
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Broadband

Experimental Broadband Absorber (Under Consideration)
- ProtoType 01 By Ali Hyder Chowdhury -

1/4" Thick Plywood Backing Panel - 4' 6" Long, 20" Wide
1" Thick Plywood - 4' 6" Long, 20" Wide, 8" Deep
1" x 1" Plywood Frame - 4' 4" Long, 18" Wide

1/4" Thick Plywood Panel or ??? - 4' 4" Long, 18" Wide

1" x 1" Plywood Frame - 4' 4" Long, 18" Wide

4" Thick Rockwool ( Roxul Semi Rigid) e |
100KG/M3 Density - 4'4" Long, 18" Wide

2" Thick Acoustic Foam
(45KG/M3 Density) - 4' 4" Long, 18" Wide

‘T

Breathable Front Fabric - Wraps around to the back

https://www.gearslutz.com/board/bass-traps-acoustic-panels-foam-etc/866452-experimental-broadband-absorber-making.html



https://www.gearslutz.com/board/bass-traps-acoustic-panels-foam-etc/866452-experimental-broadband-absorber-making.html

Broadband

ACOUSTICAL PERFORMANCE | 1ow MID mEH | 552

TVPE | DENSITY |THICKNESS | 125 | 250 | 500 | 1000 | 2000 | 4000 | NRC
FIBERGLASS | 34 I" |0l [028[068 090|093 |09 | 070
FIBERGLASS |  3# " | 047 [086] 114 | 107 | 102 | 0.98 | 100
FIBERGLASS |  3# " | 085 | LU [ 117 | 107 | 107 | 1OG | 110
FIBERGLASS |  G# " | 019 [ 078 116 | 113 | 106 | 106 | 105
MINERALWOOL| 84 2" [ 039 084|108 | 101 | 102 | 101 | LOO
MINERALWOOL| 84 " [ 06809108 | 103 | 103 | 103 | LIO
MINERALWOOL| 44 4" | 106 | 107 [ 112 | 104 | 107 | 108 | L0

<%2Buy Insulation Products.com

Order,it,Today.. Insulate, Tomorrow... Save Energy,+ Money,in,the, Future!,

IR 10R ABSORPTION
| | G0OD ABSORPTION
GREAT ABSORPTION




Membrane 80 iz

and 100 Hz

Tuning a membrane absorber:

f=170/sqrt(m x d)

m=mass of the membrane (1b/sqft)
d=depth of the box (inches)

A3

htp://www.acousticsciences.com/art-noxon/limp-mass-m htt s‘://www. earslutz.com/board/bass-tra s-acbusiic- ahelsfoam-etc/

embrane-bass-traps



http://www.acousticsciences.com/art-noxon/limp-mass-membrane-bass-traps
http://www.acousticsciences.com/art-noxon/limp-mass-membrane-bass-traps
https://www.gearslutz.com/board/bass-traps-acoustic-panels-foam-etc/743040-tims-limp-mass-bass-absorbers-28.html
https://www.gearslutz.com/board/bass-traps-acoustic-panels-foam-etc/743040-tims-limp-mass-bass-absorbers-28.html

Membrane

SIMPLE LIMP MASS BASS ABSORBER
by Tim Farrant stz

@ buzzaudio

W

———— fabric cover

limp mass membrane
stapled to cleats

fibreglass in rear

timber cleats

i
«— 18mm plywood enclosure |}

SIDE SECTIONAL
VIEW

FRONT CUTAWAY
VIEW

CALCULATING THE APPROXIMATE RESONANT FREQUENCY

f __ 600 where Mis surface density (mass) of membrane in kg/m®
¢ ,[ MxD  and D is depth of enclosure in cm

f= 170 where M is surface density (mass) of membrane in bt

° ‘/ M«  and D is depth of enclosure in inches

DESIGN NOTES

1] The limp mass membrane can be any flexible non-porous material. Barium loaded necprene sheet and similar

heavy flexible sheeting used for noise barriers is ideal. The higher the mass of the material means very low frequency

absorbers can be made with relatively shallow encl For example, a brane with mass of 5kg/m across a
box 30cm deep will resonate at approx 50Hz.

2) The box L x W is not critical but should be kept small compared to the wave length of the resonant frequency. The
limp mass bass absorber is not effective beyond 300Hz for this reason. Typical L x W would be 60 x 40 cm for
frequencies below 100Hz, and 40 x 30 cm for frequencies above 100Hz.

3| Tho enclosure must be airtight. The membrane should be sealed onto the cleats using a gap filling sealant. Test for

by pushing the in and observing it bulging out. The enclosures can be built directly onto the
wall eIlmlnatmg the need for a back panel but must be rigid. The fabric cover may be global to cover several
enclosures.

4] Fibreglass thickness is not critical and it's presence lowers the “Q” of the absorber. For boxes with a depth greater
than 20 cm, 50mm (2") building insulation can be used, for boxes less than 20cm 25mm (17) can be used. Avoid very
high density fibreglass which will make the enclosure acoustically shallower than it really is.

5] Mount the bass absorbers into the comers of the room. Making various depth absorbers and mounting them in an
alternating pattern will increase effectiveness. Mount very low frequency absorbers at the wall-wall-ceding comer if
possible.

12/3/2019 limpmasscalc xls
D1

LIMP MASS ABSORBER

Metric

Enter.... Enter... Result

MASS kg/m2 DEPTH cm FREQ
4 5 134.2
4 10 94.9
4 15 775
4 20 67.1
4 25 60.0
4 30 54.8
4 35 50.7
4 40 474
4 45 447
4 50 42.4

Imperial

Enter.... Enter... Result

MASS Ib/ft2 DEPTHin FREQ
0.8 2 134.4
0.8 4 95.0
0.8 6 776
0.8 8 67.2
0.8 10 60.1
0.8 12 54.9
0.8 14 50.8
0.8 16 47.5
0.8 18 44.8
0.8 20 425

https://www.gearslutz.com/board/showpost.php?p=
8041687 &postcount=1



https://www.gearslutz.com/board/showpost.php?p=8041687&postcount=1
https://www.gearslutz.com/board/showpost.php?p=8041687&postcount=1

Membrane

0.6

Absarption Ceefficient

0 50

1000 z00C 5000 10000 20000

Frequency (42)

Global Parameters

Air temperature: 20°C
Air pressure: 101325 Pa

X Axis: Frequency
Range: 20Hz - 20000Hz
Scale: legarithmic
Resolution: medium

Angle of incidence: 0°

Porous model: Allard and Champoux
{1992)

Helmholtz model: Ingard/Allard

Absorber Parameters

® Absorber 1

Limp Membrane, 4.8 Kglm2

120mm Porous Absorbent, 10000 Pa.s/mz
80mm Air

Rigid backing

* Absorber 2

Limp Membrane, 4.8 Kg/m2

80mm Air

120mm Porous Absorbent, 10000 K’a.s/rr\2
Rigid backing

* Absorber 3

Limp Membrane, 4.8 Kglm2

120mm Air

80mm Porous Absorbent, 10000 Pa.slm2
Rigid backing

* Absorber 4

Limp Membrane, 4.8 Kglm2

80mm Porous Absorbent, 10000 Pa.s/m2
120mm Air

Rigid backing

anels-foam-etc/743040-tims-limp-mass-bass-absorbers-31.html

§ Absorption
Coefficient

Reflection
Ceefficient
’Impedance
(real)

Impedance
{imag)

Amend
Parameters
Linkable
Version



https://www.gearslutz.com/board/bass-traps-acoustic-panels-foam-etc/743040-tims-limp-mass-bass-absorbers-31.html

Membrane




Variation on the Membrane Absorber:
Diaphragmatic Absorber

Fabric Frame | 3/4”

7/8" Air Space

1" MDF

- 2 - A -

. . - . = - -
e X P o Y == - -

s Opatin principal is ss and stiffness of
’ its materials. Responds to most prevalent

frequency build up in a room rather than
having a “tuned” frequency

https://www.acousticfields.com/from-room-noise-to-solution/

Dimensions: 27” W x 57” Hx 16” D

https://www.acousticfields.com/diy-plans-for-absorbers-and-diffusors/



https://www.acousticfields.com/diy-plans-for-absorbers-and-diffusors/
https://www.acousticfields.com/from-room-noise-to-solution/

F) Diffusion

Uses:

-break up hard reflections by diffusing the
reflected energy over a wide area, rather than
bouncing it straight back like a mirror.

-easy to soak up mid-high frequencies with
absorption, diffusion scatters these frequencies
creating a ‘live’ sound to the room

https://www.soundonsound.com/sound-advice/q-when-ar
e-diffusors-good-idea



https://www.soundonsound.com/sound-advice/q-when-are-diffusors-good-idea
https://www.soundonsound.com/sound-advice/q-when-are-diffusors-good-idea
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"Iiniraizing Acoustic Distortion in Project Studios” by Dr. Peter D” Antonio of RPG Diffusor Systeras, Inc.
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https://www.soundonsound.com/techniques/sos-guide-control-room-design
https://www.soundonsound.com/techniques/sos-guide-control-room-design
https://www.concepcaoacustica.com/post/o-que-voc%C3%AA-precisa-saber-sobre-difus%C3%A3o-e-absor%C3%A7%C3%A3o
https://www.concepcaoacustica.com/post/o-que-voc%C3%AA-precisa-saber-sobre-difus%C3%A3o-e-absor%C3%A7%C3%A3o

Specular reflection from a plane and Reldections from a kregular sufrace reducing the

hard surface . U . . .
https://homeacoustlcs.orq/acoustlcaI—treatment—prlmer—dn‘fusmnf

Wavefront Simulator - Custom Design

ICustom Design LJ
=

|M0use = Edit System

Resolution 135x 135 elements
Kl :
Frequency 1000 hertz
El | ]
Brightness 50%
Kl [ ]
Speed 5 iterations / frame

il 5]

Window size 200.00 cm

Start | Close ‘

Quadratic Residue Diffuser, geometry based on
rime number

File Build Setting About
3 Build Component Diffusers | &4 Generate Complex Diffuser
Componert Difuser Summary

Unt Col Row Type  Freq(Hz) N:cT Width (om)  Active
R € 1000  |41:5%8 | 5.00

vz [2 |1 |RDC |1000 |s1:578 5.00

Uz [3 |1 |ewoc |1000 |e1:ses 5.00

Us |+ |1 |oRoc 1000 |s1:57s 5.00

m

Complex Difuser Schematics

Polar Response Cortrol
Fea(H) (a0 |2
Distance m)  [100.0 [
MinVaue @B) 600 |2

Refresh

Graph Siyle [Suface  ~
Color Style: [u

Polar Response

http://www.hxaudio

lab.com/sound-spl

Complex Diffuser Dimension (m): 1.00 * 0.40 * 017 (X*¥*Z)

https://www.divaudio.com/forums/room-acoustics-and-mods/308752-simulating-sound-diffuser.html

ash.html


http://www.youtube.com/watch?v=UkPmuSGCizI
https://homeacoustics.org/acoustical-treatment-primer-diffusion/
https://www.diyaudio.com/forums/room-acoustics-and-mods/308752-simulating-sound-diffuser.html
http://www.hxaudiolab.com/sound-splash.html
http://www.hxaudiolab.com/sound-splash.html
http://www.hxaudiolab.com/sound-splash.html

http://argen.com/sound-diffusers/

Stepped Diffusers

File Edit View Window Help

AbHulmadar

NewModell* | New Model2" | NewModel3* | New Model* | New Modes™ ) New Model7" | New Mode8® | New Modell0 |  ® X | Properties - Model
TPYPTP PP TITPTPTPTTTVPT PrFPrTevPTvPPrTRRR reveTssTT TP e TR S ers rrverreveeFePvTTvPR TeveTTeve TeveTITOR)

depth

— width—

E| Model Parameters
F| Width: 420 cm  Depth 50 cm
£ Number of Elements: 7

E| Description
E Optmized Stepped Défuser Moduie AT-LF

153 E
B 68 s %% % % a6 % %
 Coefficients Plot WX Spatial Response Plot
Vode  Newose?
Fraqoency, 1290.00Hz
Ange o0



http://arqen.com/sound-diffusers/

Fractal Diffusers

File Edit View Window Help

AGELD madas

New Modell” ) New Mode2" | New Model" | New Modet* | < x | Properties - Model 3 x
Model Parameters.
Width: 420 mm  Depth 103 mm
Number of Elements: 49
Descripticn
Fractal Stepped Défuser Modue B2frc.
Designed by Tim Penry
More information at hitp-//Arqen.com/
0 4 60 8 100 10 140 160 180 20 220 240 20 20 30 30 ¥0 %0 380 40 420
Coefficients Plot 2 X Spati ax
. ! Modet  New Mode2 ‘:mcmy :42;»;;::2 E
. Aoge: 000" : 3
http://argen.com/sound-diffusers/ 0 |, =
08 | # Nembizec Dot Covrn \ 8 &
® Dtfugon Comttcart —
07 e e
06 \\
05
04
03
02
01 /
¢ x & E

1k
frequency [Hz]



http://arqen.com/sound-diffusers/

http://argen.com/sound-diffusers/

Quadratic Diffusers

W 125

W0 20 20 316 40 80 60 80 Ik 12k 16k 2 25k 31k
frequency [Fz]

3
8

|n

21| | Froquency 100000z
LE

Aegle

ew ModelTs | New ModeiZ® | New Moders” | New Modeid™ | New Mogeis* | New Modeis | New Modei7™ ) New Models™ | ~ % Properties - Model s
! 1
Il
— width—
»
W 1260 em Degih 10 o ‘
E' NumberciElements: 21 |
I Osscaption ‘
5
|
10 ‘
15 [}
0 6 2% % % 40 46 % = @ & 70 % & 8 % % 10 165 1o 1 10 18
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http://arqen.com/sound-diffusers/
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Primitive Root Diffusers
(Skyline Diffuser)
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Model: prime 17 38mm with well dividers 17cm desp
Angleof Incidence:  diffuse

Cazlculztion Method:

® Scanering Cosfficient

® Diffusion Cosfficient

® Nommazlized Diffusion Cosfficie
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http://arqen.com/sound-diffusers/

A few ideals:

-early reflections to be 15 dB lower than
direct signal

-even reverberation time across the
frequency spectrum (+-2dB)

-depending on room size RT60 value from
100ms-500ms



Conclusion:

WITH MINIMAL MODAL ISSUES
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“Room must have a
balanced selection of
acoustic treatments.”

NED ABSORBERS AND

THE LI
ABSORB THE LOW FREQUI

BROADBAND LOW FREQU
ZE OR ELIMINATE UNWANTED REFLECTIONS AT MIX P

MIMI.
OPTIMIZE LISTENER AND LOUDPSEAKER LOCATION
PRIATE FOR THE ROOM. THE

USE REAR WALL DIFFUSION WHICH IS APPRO!
DEEPER THE ROOM TYPICALLY THE DIFFUSER SHOULD GO LOWER IN

FREQUENCY.
, TYPICALLY DIFFUSE 60% OF THE REAR WALLS AREA.
AVOID OVERUSING ABSORPTION. STRAT '

" REQUIRED.
"QOM MUST HAVE A BALANCED S

Mixcon 2017 in NYC: The “Im i ” i
| : prove Your Mix Room!” session with Sonic S ’ i
Weiss, Dave Kotch of Criterion Acoustics, Jim Keller of Sondhus & Rachelcfﬁ\ol?npas pavid




My Own Experiment / Adventure

Goal: Place broadband absorption panels
strategically in my room & build a diffusion
panel. Do it as cheaply as possible.
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Before (had just gotten 6
OC 703 4” panels):




Planning:
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Designing:
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OC 703 Delivered




Panels unpacked, placed in fabric
encasements

*‘I\m“lmmu k.









Quadratic Diffuser Build
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Diffuser Plans:
https://www.acousticfields.com/product/all-in-one-diy-ac

oustic-treatment-build-plans-package/



https://www.acousticfields.com/product/all-in-one-diy-acoustic-treatment-build-plans-package/
https://www.acousticfields.com/product/all-in-one-diy-acoustic-treatment-build-plans-package/
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Absorption Price List

*6 x 4” Owens Corning 703 from Amazon =
$227 ($38 ea)

(https://www.amazon.com/Owens-Corning-Fiberglas-Acou
stic-Insulation/dp/BO7XTM1DL9/ref=sr 1 27keywords=4%
E2%80%9D+Owens+Corning+703&qid=1579117787&sr=

8-2)
*24 x 4” Owens Corning 703 from from MSC =
$595 ($24 ea)

(http://www.metrosupplycollc.com/)

*59 Yards BroadCloth Fabric = $126

(https://www.fabricwholesaledirect.com/products/cotton-po

lyester-broadcloth-fabric-60-inches)

*140 2" D-rings = $94
(https://www.strapworks.com/Metal_D_Ring_p/mdr.htm)
+200 Tea Cup Hooks = $8

225 Safety Pins = $6

Total: $1056

Diffusion Price List

Wood = $277

Misc stuff from Home Depot = $93

Plans from Acoustic Fields = $27
(https://www.acousticfields.com/product-category/d-i-y-ac

oustic-treatment/)

Total = $397
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AFTER TREATMENT
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AFTER TREATMENT - WITH SONARWORKS
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