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m Acoustic Tools
m Absorbers
m Diffusors

= Room Design Evolution



TYPES OF ABSORBERS

Porous Absorber e
Contains interconnected voidsand -« —
sound is absorbed by conversionto -
heat due to friction

Resonator Absorber - S
The Helmholtz resonator is a v
vibrating mass of air in the neck
against the volume of air in the
larger volume acting as a spring.

Membrane Absorber —
The membrane absorber is a limp mass *' "’ H i
that vibrates at a specific frequency and N B
moves air through a porous panel

converting sound into heat.
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ABSORPTIVE WOOD
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Fiberglas Mat
l Fiberglas Panel

Reflective surface width {mm)
Groove width (mm}

O
/

s /2084 Surface Mount /
w— 6/2M8.4, 200mm Cavity Mount

Farcent
open
area

Groove width (mm}
Reflective surface width [mm)




WBSDRPT.DN MECHANISM

When Surface Viscous Losses
perforations are the
Same SIZe as a Reflect_ed Sound +——
boundary layer of alr-.

Incident Sound

S

<

Air Cavity

—

Microperforated Panel Glass

0.2 mm diameter holes




G FOIL & MOUNTING

Internal Threading
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MLER BLIND FUNCTIONALITY




' Laser Micro-Slotted Panels
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PLATE RESONATORS
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High Pass Broadband
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Diffraction

Above these frequencies absorption occurs

from diffraction of the sound around the plate

into the porous absorber
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PERFORMANCE
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DESIGN THEORY OF DIFFUSORS

Reflection Phase Grating e
diffusors were first introduced dwdwm
in the early 1980s. They ! W{j

consisted of divided wells, /W
whose depths were based on WAVECET
guadratic residue number
theory

- WEER<n

Binary Amplitude Diffsorbers
were created to provide
diffusion through a variable
Impedance surface
consisting of holes
distributed according to an
optimal binary sequence

Today, state-of-the-art Waveform

diffusors are designed using:
Shape Optimization, which
couples boundary element
multi-dimensional
optimization techniques
Aperiodic Modulation, using
optimal binary codes

Coefficient

Absorption




m SPECULAR REFLECTION
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Finite Difference Time Domain (FDTD) model



m RPG: DIFFUSE REFLECTION
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m BROADBAND DIFFUSORS

14 Low Mid High

Diffusion

1D Diffusion
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m OPTIMIZING PHASE GRATINGS

This acoustical milestone Is made possible by two
new patented technologies known as:

1. Shape Optimization

2. Aperiodic Modulation of a Single Asymmetric Base Shape
101100010100011100001110101001110110110001101110100100101001001111




ADJUST FOURIER
SERIES SHAPE
COEFFICIENTS
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| | | | | | | | | L

CURRENT SHAPE
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| CURRENT VERSUS
B DESIRED SCATTERING

Total Error
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Angle

CALCULATE ERROR FOR

EACH FREQUENCY, SOURCE,
AND OBSERVER POSITION

SHAPE

SIMPLEX SEARCH ENGINE

FOR NEW TRIAL SHAPE

IF ERROR
IS LESS THAN
TOLERANCE THEN END,
ELSE MAKE SHAPE
ADJUSTMENT

e

Frequency

EVALUATE TOTAL ERROR

OPTIMIZATION

The Shape Optimizer
has recently been
upgraded to also
Include stage canopy
arrays, where we can
optimize the cloud
density, size, shape, tilt,
depth, using the
Support objective
measure as an
optimization metric.

Also using Aperiodic
Modulation discussed
later.



m 2 Modulated Phase Gratings

Patent 6,772,859



OPTIMIZED/MODULATED
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- Better Diffusion

e QRD 734 random
e \OD 875 random

e Plane random

- Broader Bandwidth
- Shallower Depth
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BINARY AMPLITUDE

DIFFSORBER (BAD)

Absorption Coefficient
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Frequency, Hz
Legend
= BAD 1" A Mount 1/2" Holes BAD 4" A Mount 1/2" Holes

mmm BAD 2" A Mount 1/2" Holes = = =1" 6 PCF Fiberglass
= BAD 3" A Mount 1/2" Holes

Better Low Frequency Absorption as
Thickness Increases

Reflection



2D UNIPOLAR MLS
SEQUENCE

Fabric upholstery —T

® 0000000 ©
90000 Two dimensional
@ 000 00 ¢ 00 900 [ o binary reflection
00000 000 0606000 amplitude grating

000000000 ‘ o
CC: CC‘ : ~ # —1> Semi-rigid fiberglass panel —
® ® ® e
e —>
g

000010000111100101001111000010000

Optimal 2D binary sequence of holes can be formed with the
Chinese Remainder Theorem.



BAD EXPO: WOODGRAIN & METALIK




SHAPE OPTIMIZATION

Shape Optimization (c) RPG Diffusor Systems Inc., www.rpginc.com

Bestoalie s0 1ar:0.3840032 .m0 penaly :0.3840032

Worstealue so 1ar:0 3840032 .no penally (03840032

Lastcomputed value: 0 3840032 .mopenaly 03840032

Inwrmedia®™ sohtions found 0 Iwrations s0 far 1 112w compu's lastimration
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~ Current ) J Observer
Worst
- Best « Source



m ASYMMETRIC TILING

Patent 6,772,859



m OPTIMIZED 1D AND 2D
SHAPES IN WOOD AND GRG
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From Mono to Surround: A review
of critical listening room design
and a new immersive surround

design proposal



m IN THE BEGINNING.:ccssss

= How did we get here?

= How have listening rooms evolved over the years?

m Let’s briefly review the contributions of the
acoustical pioneers and some of the milestone
events in critical listening room design

= We will begin in the 1940s and progress to an
Immersive surround sound proposal



1940s

Most attention to large tracking rooms, little attention to control booth

Most recording facilities were owned by the record companies,
Including RCA, Columbia, Decca, Mercury, MGM and later Capitol

1947 Universal Recording Corp, Chicago, IL Bill Putnam (UREI). First
pop recording, using live chamber Reverberation, echo sends and many
current console features (47-57 Chicago years). First independent
recording studio.

Style: Big tracking rooms 15-30,000 cf and small control room booths

Acoustic Materials:

= Drapery, Mansville transite panels/rockwool, acoustical tile; Slat resonators
and polys soon commonplace

= No low frequency absorption
m Scoring stages more advanced than pop studios



1950s

Bill Putnam’s moved to LA and opened United and Western Recording

Capitol Tower, LA was designed acoustically by Michael Rettinger, who
pioneered the acoustical techniques and materials in a facility designed
for phonograph records. He used variable T60 and reduced LF
reverberation in tracking rooms.

New studios opened by Chess, Chicago; Rudy van Gelder in NJ; Sun in
Memphis; Criteria in Miami,
Stereo and Hi Fi emerged: CBS introduced LP 33 1/3 rpm; Classical
and pop records
Bill Putnam was sending stereo and mono feeds to separate mono
control room

m Speakers typically over the windows

= Control room geometry and acoustics were introduced

Stereo Control room dilemma
m Acoustics and non-symmetrical geometry not satisfactory for stereo
= Poor monitoring conditions, vis-a-vis
m Quality of monitor speakers, Location, Power, Response
Insufficient floor space and volume



m Stereo Iin the 1960s was where 5.1 Is today

= Tom Hidley introduces control room design-built
packages, utilizing flush mounted speakers,
compression ceilings and rear wall absorbers and
coined the term “Bass Trap”

= Along with 16 Track, 2” tape recorder, dual woofer
control room monitors, carpeting, hardwood, sliding glass
doors and other architectural elements

m Phil Ramone A&R New York 1961

= 1969 John Storyk designed Electric Ladyland



= 1975 Philip Newell/Hidley built The Manor

= Non-environment Room: broad band trapping
everywhere except the flush mounted front wall and
floor.

m 1978 Dick Heyser introduces Time Delay
Spectrometry (TDS) and pioneers new approach to
computerized room and speaker testing

m 1979 LEDE design proposed by Don & Carolyn
Davis and executed at Las Vegas Recording by
Chips Dauvis, following results from TDS room
testing



= Measurement of reflection thresholds and other
psychoacoustical perception metrics by Haas, Pudie
Rogers, Floyd Toole, Mike Barron, Bill
Martens/Gary Kendall, etc.

m 1983: Reflection Rich Zone (RRZ) George
Massenburg, The Complex, LA

m 1984: Reflection Free Zone (RFZ) and Reflection
Phase Gratings (RPG) Peter D’Antonio,
Underground Sound, MD

m 1983 CD introduced



1997: RRZ Angus AES Preprint 4405

m 1997: D’Antonio reiterates the importance of broad
bandwidth diffuse reflections in critical listening
rooms

m 1997: The Moulton Room, anechoic front, reflective
sides, diffusive rear/rear sides, absorptive front
celling

= 1998: Hidley introduced 24 Hz “built in” surround
sound monitoring for 5.1



= Floyd Toole proposes that early reflections in small
rooms may be beneficial to perception

= New plate resonators introduced to absorb down to
40 Hz in 4” thickness

= Blackbird Studios, George Massenburg “Ambechoic”
Surround Sound environment

m D’Antonio introduces a new immersive surround
sound listening room design
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ACOUSTIC DISTORTION

FREQUENCY ACOUSTIC DISTORTIONM
PROBLEM SOLUTION

Below 200 Hz

1. Room Dimensions

Modal Resonances

Speaker-Boundary | 1. Speaker/Listener Placement
Interference

Above 200 Hz

1. Absorption
Comb Filtering

1. Diffusion
Poor Diffusion




I!!iJI*!‘J_i!!I ROoM DESIGN OPTIONS
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STEREDO SOLUTION: RFZ

Direct Sound After

Diffuse Reflections

6dB

0 Time (ms)

Spatio-temporal Reflection Free Zone can be created, using absorption
or diffusion to control room reflections.

This stereo solution is being used for surround, but more is needed.

Massenburg, The Complex (1983) studied the diffusive approach
D’Antonio, AES Preprint 2157 (1984) studied the absorption approach

Angus, AES Preprint 4405, (1997) studied the diffusion approach



EARLY EXPERIMENTATION

= The Complex in West Los Angeles in 1980
e '







WIDESCREEN REVIEW

Uniform surround environment using phase grating
celling and binary amplitude diffsorbers along walls



m PROOF OF CONCEPT

= After mixing in all known types of professional and
experimental spaces, George Massenburg wanted to work
In an environment that better supported:

= An improved imaging of virtual sources in surround monitoring
= A much broader “sweet-spot”
= A room with supportive, linear ambience that has near-equal decay

rates across as much of the frequency spectrum as possible.

m The experiment involved designing a combination of
massively prime 2D wall diffusors extending to 100 Hz

m And celling Diffractals extending to 50 Hz, which surround
the listener



m ATTENUATION FROM 1D Q@RD
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ATTENUATION FROM A 2D QIRD

Attenuation:
10*log(1/49)

Level, dB

Attenuation

Blackbird:
: 1 | | | 10*log (1/(181x769)
90 0 5000 10000 15000 20000 25000 - 21dB _
Frequency, Hz Based on amplltude
modulated prime 181
T Legend and 769 1D primitive
— OMR1J —— OMF1J root sequences,

using modulus 953.



blackbird \\\,/Studio“

studio ¢

DESIGN ELEMENTS

Walls:

3’ deep amplitude modulated
prime 181 and 769 1D
primitive root sequences,
using modulus 953.

138,646 block heights!

Celling:

7’ deep 12 x 13 primitive root
Diffractal, based on N=157.
24,336 block heights!

cCorners:

(32) 1 x 1.5 m damped metal
plate shelving resonators,
covered with curved binary
amplitude diffsorbers.






ETC AT MIX PasITION

dBSFL ETC (Envelope) (Full IR)
120 " BETC [Envelope]
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[c] EASERA

This space can be described as an “ambient anechoic space”
or Ambechoic™, as we now describe it



EARLY SUBJECTIVE
IMPRESSIONS

The visual impact is immediate and challenging, but clients quickly
forget its effect.

Mixing engineers adapt quickly to the room and its ambience. The
monitors are impressive at somewhat lower monitoring levels
(generally <85-95dB SPLA, lower than typical 100-110dB SPLA
control room levels).

Imaging Is startlingly precise and pan settings are repeatable from
a broad range of monitoring positions.

One can comfortably hold a conversation while listening to music
In the room - the room Is not “anechoic” in any way.

The room works equally well recording live acoustic musicians.
Musicians are able to hear and balance themselves without
headphones or excessive amplification.
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IRoom

-Complete modal control
down to 40 Hz, using new
plate resonators and
optimal sub/listener
positioning

-Uniform ambient anechoic
environment in non-modal
domain, using diffusion or
diffsorption



m IMMERSIVE ENVIRONMENT

Diffusion/Diffsorption
Corner Treatment

-Plate Resonators

Boundary
Treatment

- -Broadband Diffractals

-Broadband Binary
m CENTER Amplltude Diffusors

| LEFT
| RIGHT

Diffusion/Diffsorotio

-Broadband Alternating
Reflection/ Absorption
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