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Objectives

A Develop and implement an innovative vocational training course In room acoustics
and auralization

A Provide hands -on experience in acoustic measurements and creative labs for students and
professionals.

A Enhance digital listening skills and foster sonic thinking in professional and academic
fields.

A Strengthen cross -national cooperation in vocational training between Italy and Croatia.
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WP1- Project Management and Communication

WP2- Development of the Course in Room Acousticaaralization

WP3- Course Implementation, Acoustic Measurements and Creative Labs
Kickoff meeting on February 28th , 2025 online

Intermediate meeting: May 2025, Zagreb (CRO)

Final meeting: September 12th , 2025 Bologna (ITA)
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AURALIZE - Workplan

1. LectureAl - Historical overview and importance of acoustics as intangible heritage-(2&iRh

21, 2025 online);

2. LectureA2 - Fundamentals of room acoustics. (FBReil 14, 2025 in person- Zagreb);

3. LectureA3 - Equipment and methods of recording acoustic measurements, analysis, and
Interpretation - theoretical and practical part (CFR in Zag@spril 14, 2025 in person- Zagreb);

4. Acoustic measurements in Zagré@RO)Vatroslaviisinski Concert Hall and National Theatre of
Zagreb (CFR & FERpril 15, 2025 in person);

5. Acoustic measurements in Faen@dA): Teatro Masini in Faenza (CFR & FAfR| 2930, 2025-in
person);

6. LectureA4 - Virtual acoustics, production workflow, and software (FERy 5, 2025 in person-
Zagreb);,

7. LectureAS - Multi-disciplinary uses of virtual acoustics (cultural heritage, sonic archaeology, gal
media, etc.) (CFRJay 6, 2025 in person, Zagreb).
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A2 Fundamentals of roomcoustics

Contents

1. What is architectural acoustics? 6. Acoustic elements

2. Basic concepts in acoustics /. Reverberation time

3. Reflection, absorption and scatterirdy Other room acoustic parameters

4., Room response to sound 9. Optimal acoustic design

5. Room volume and shape 10. Typical defects in room acoustics
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1. What is architectural acoustics?

A Architectural acousticdias two main
flelds:

A Room acousticstudies sound interaction
within an enclosed space where source
and listener are in the same room

A Building acousticstudies sound
transmission through building structures
when source and listener are in separat
spaces

A Perspectivenatters!
The same sound can be enjoyable
mUSIC to One person and annoylng ASKnow is a part &coucouPlatform © 2025
n0|se to an Other Provided undepr Creative Commons license .[CUSIBMD 4.0]
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1. What is architectural acoustics?

ARoom acoustics parametersmeasures of sound quality that examine frequency
dependent and timevarying sound pressure levels

ABuilding acoustics parametersmeasure of sound insulation quality of
structures and background noise levels

AWell-integrated acoustic desigprovides significant benefits:
A Lowers overall project costs
A Preserves aesthetic elements FHT =y |
A Enhances user experience o g LT
A Reduces need for posbnstruction changes o Ten e, SO

A"Good" acousticshelps users of spaces to focus better, learn easier, relax more
effectively, experience less fatigue, maintain better health, navigate spaces more

easily, and communicate more clearly

h 1
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2. Basic concepts in acoustics

A Acousticss the science of sound

A Soundis a mechanical disturbance from a state of e

equilibrium that propagates through an elastic

; . g : . Pa, b
material medium (gas, liquid or solidausing PIESSHIE P 2, el
vibration of particles in the medium

: : : : velocit v (u m/s

APropagation of sound through an elastic medium i g W
causing changes in th@essure velocity, o
temperature, anddensity of the medium temperature T (1) K,°C

density r kg/m3
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2. Basic concepts in acoustics

AThespeed of sounds usually denoted by the letterand measured in meters
per second, om/s

A Speed of sound in air is approximat8§3 m/s(1,235 km/h) at 26C

AThefrequencyof the stimulus produced by the sound source is denoted by the
letter f and measured in Hertz, ¢tz

AThewavelengthof the sound wave is the distance over which the wave's shape
repeats; it is denoted in and measured in meters, an

~
€

W

= "Q

AA healthy person hears sounds in the frequency rareggreen 20 Hz and 20,000
Hzc audio / audible (frequency) rangé approx. from 17 m to 17 mm)
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2. Basic concepts in acoust

AHearing thresholds around20 nPa
(0dB

APain thresholds around20 Pa
(120 dB

A Acoustic pressure fluctuations in
audible sound are small compared
to atmospheric pressurg¢l bar or
100 kPa)

AChange in sound pressure is
regularly shown aSound Pressure .. 2 w0 w0 s0 ok x s« 1k 20
Level (SPL) in decibel (dB) et

ASKnow is a part #fcoucouPlatform © 2025.
Provided under Creative Commons license [CGI8XD 4.0] -
AL

Sound Pressure Level (dB)

threshold
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2. Basic concepts in acoustics

AMost sound sources can be represented
aspoint sources(acoustic monopoles)

Alnverse square law

A the sound intensity decreases four times
with doubling the distance from a point
source (if there are no reflections!)

A we hear it as a decrease in sound pressure
by 6 dB

Ref. level -12 dB -18 dB

NS \ IS NS NS

Isvr
The University of Southampton © 2025.
https://blog.soton.ac.uk/soundwaves/wavgasics/ pointsourcesinversesquarelaw/
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2. Basic concepts in acoustics

Creating Standmg Waves from Travelling Waves

AWaves bounce back when hitting an obsta T o E i

are (partiallyyeflected andinteract with the
Incoming wave

A Superposition of two sine waves of same e B
Intensity, but travelling in opposite directior plane wave: - plane wave: - plane waves: superposiion

b
-y

""-,.:-II-"‘;.I-\.' ROSEE
S R A
s B b

producestanding waves )
..3 L ETY
A Graphical representation of sound waves: B f\\ /\ f\ A \ f\ I/\ [
A Sound waves are usually represented either as g \/ V U U \/ U Y \/ \/ Vi
sound beamgwith lines), or asound fronts
originating from a point source svr
A The second method is more accurate, but the first IS 116 University of Southampton © 2025,
easier to draW https://blog.soton.ac.uk/soundwaves/standingaves/kthe-nature-of-standingwaves/
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3. Reflection, absorption and scattering

ASound waveseflect from hard surfaces (walls, ceiling, floor, furniturahgle of
Incidenceg ranges between O(normal incidenceand 90 (grazing incidenge

incident sound wave

incident sound wave Pi

Pi

<€

reflected sound wave

Pr reflected sound wave

Pr
I T_, /
. /
+X x=10 +X ¥x=10
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3. Reflection, absorption and scattering

AReal (point) sound sources typically
producespherical waves

ASound intensity decreases with
distance(proportional to 1/r?), so does
sound pressure (proportional to 1/r)

AReflected spherical waves appear to
come from an image sound sources
(Image source model)

AThe sound pressure at the receiver
point is influenced by both sound —~
waves (direct and reflectedjed + blue /2;(2\

Image source
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3. Reflection, absorption and scattering

AConvex surfaces scatter sound energy (often used shape in room acoustics)
A Concave surfacesfocus sound energy (usually not desired)
AUsed strategically in concert halls to distribute sound evenly

Convex surface Concave surface

fﬁ H\
[ \

/

/ \

L
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3. Reflection, absorption and scattering

AReflection coefficient R ratio of the sound pressure of the reflected and the
Incident sound wave

AReflection coefficient magnitude: between 0 and 1
A R = 1: complete reflection (very hard surfaces like concrete)
A R = 0: complete absorption (e.g. thick porous, sound absorbing materials)

\
!Y r]
\
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3. Reflection, absorption and scattering

A Absorption coefficienta - ratio of energy not being reflected from a surface to
the total energy of the incident wave

AAbsorption coefficient magnitude: between 0 and 1

A a = 1: complete absorption
A a = 0: complete reflection

op Y]

ASound absorption is frequenalependent
AReflection and absorption are inseparable parts of the same principle!
A Air attenuation also reduces sound pressure at high frequencies

@FR Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necless thibg eebf the European 18
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3. Reflection, absorption and scattering

AMaterials used in buildings have varying absorption properties:

A Hard materials (concrete, glass): low absorption
A Porous materials (carpets, curtains, mineral wool): medium to high absorption

1,1
s 1 —Smooth concrete
= 0-'9 \
c
2 0,8
g 0,7 — Plasterboard of frame
8 0,6
c 05
s ——Rock wool 50 mm on
2 0,4 masonary wall
S 0,3 Y
70,2 Curtains in folds in front of
. 0,1 — masonary wall
0 .
——Gypsum plaster tiles, 17%
125 250 500 1000 2000 4000 . :
perf., min. wool backing
Frequency (Hz)
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3. Reflection, absorption and scattering

ARough surfaces causeatteringat reflection
A Effect depends on wavelength versus surface irregularity size

A A A
smooth surface slightly rough surface very rough surface
@FR Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necless thibg eebf the European 20
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3. Reflection, absorption and scattering

A Scattering coefficient sratio of the scattered energy compared to the total
reflected energy

A Scattering coefficient magnitude: between 0 and 1
A s = 1: all sound energy is scattered (reflected in-spacular directions)
A's = 0: no energy is scattered (reflection from a plan surface)

€
“ O scattered wave energy
Y — o = (1-a)s
O incident wave energy
=1 specularly reflected

wave energy

= (1-a)(1-s)
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3. Reflection, absorption and scattering

A Benefits of scattering: ACommon scattering elements:
A Increasesound diffusion A Convex surfaces, columns
A Evenly distributes sound energy A Audience seating areas
A Prevents strong reflections or focusing A Periodic geometric structures
A Specialized diffusers
0,5
fcj* 0,4
% 0,3
S —empty chairs
%D 0.2 ——chairs with seated persons
*E 0,1 ——table
0
125 250 500 1000 2000 4000
Frequency (Hz)
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3. Reflection, absorption and scattering

d

A Sound diffraction- occurs at edges ’G - ’ o ‘ \ )
where materials with different
acoustic impedance meet _\ /_ /_\
ASound waves bend around edges # ! = ) l; =

and obstacles

ADiffraction is significant when _,H_ e
object size ) iIs comparable to ’ H
wavelength ()

I | -
DEMO o1 1
1 |
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3. Reflection, absorption and scattering

ASound diffraction is frequenegependent (barriers are less effective at low
frequencies)

ARealworld examples:
A Hearing around corners
A Orchestra pit sound in opera houses
A Noise barriers along roads
A Headrelated transfer functions

W
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4. Room response to sound

AWe perceive botlvisual and acoustic qualities of a spaaden entering a room

A Acoustic comfortelates to our subjective feeling of the acoustic suitability of a
room, Its reverberance, spaciousness, interior noise and other acoustic gualities

ARoom acoustics depend on:
1. Room volume

2. Room shape
3. Acoustic characteristics of interior room surfacésalls, floor, ceiling, furniture)

@FR Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necless thibg eebf the European 25
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4. Room response to sound

Aln enclosed spaces, sound waves reflect multiple times from boundaries and
obstacles

3D Billiard

i

,15
% 204 277 -259| -242| -224| -207] 189 -172| -154] -137| -119 -102 -84 6.7 -5.0 =l =115 Time =ms> 0
n Dead balls: 0
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Elevation
63 250 2000
Frequency (Hz)

O

0,2

0,15

Reflectogram
0,1

Arrival time: 72,96 ms (0,00 ms rel. direct or first reflection)

Level of: 60,92 dB (0,00 dB rel. direct)

time (seconds rel. direct sound)

0,05
ty of Zagreb, Croati

University of
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Azimuth angle: 0,00°, elevation angle: 0,00°
Reflection: 0. order, 1. reflection of 24, source:1
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A Areflectogramplots sound pressure level over time, showing how reflections
decay gradually

4. Room response to sound
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4. Room response to sound

ADirect soundonly (red line, line of sight), no reflection from the floor

&~

=1 =L
h 0L o

Amplitude (dB)
(=]
i oY

62
60
58
10 1 12 13
Time (ms)
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4. Room response to sound

AOnereflection from a reflective surfacéblue line)

70
68

66
64

62

Amplitude (dB)

60

58

10 1" 12 13
- Time (ms)
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4. Room response to sound

AOnereflection from an absorptive surfacéblue line)

A

=1 =L
h 0L o

Amplitude (dB)
(=]
i oY

62
60
58
»
10 1 12 13
. Time (ms)
T
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4. Room response to sound

AReflection from a sound scattering surfagblue lines)

A
70
68
66
64

62

Amplitude (dB)

60

58

10 1" 12 13
. Time (ms)
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Erasmus+
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ADiffracted sound above a low scredblue line), no direct sound!

=1 =L
M o o

Amplitude (dB)
n
]

54
50
46
10 1 12 13
Time (ms)
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4. Room response to sound

ADiffracted sound above a high screéhlue line), no direct sound! DEMO

=1] & =~
%] & o

Amplitude (dB)
n
]
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50
46
»
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Time (ms)
T
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4. Room response to sound

A Direct soundakes the shortest path from source
receiver and is unaffected by room properties

A Two important categories of reflections:

A Early reflectiongfirst 50 to 80 ms) support source
localization and improve speech intelligibility

A Late reflectiongyive perception of room size
A Reflection energy decreases due to:

A Increasing distance (sound energy spreads over lar
wavefront area)

L, [dB]
direct

time [ms]

1st 2nd higher
. order refl. order refl. order refl.
A Surface absorption (surfaces convert sound energy
heat with each reflection)
A Air friction (primarily affects high frequencies) eory reflections e refiections
A The sequence of reflected sounds is perceived as ASKnow is a part dfcoucouPlatform © 2025.
reve rbe ratIO n Provided under Creative Commons license [CGI8XD 4.0]
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4. Room response to sound

Asound fieldin the room depends

. . NEAR FIELD DIRECT FIELD E REVERBERANT FIELD NEAR FIELD
On the dlstan Ce from the Sou rce . (close to (-6 dB per doubling of distance) | (nheorlﬁ uniformffoL above (clclee to
. . source) | Schroeder cut-off frequency) a Orge
A Near the source direct field (-6 dB e

decrease by doubling of distance)

A Far from the source reverberant
field (almost uniform sound
pressure level)

Sound Pressure Level [dB]

IDEAL DIFFUSE FIELD LEVEL o~
(UNIFORM SPL) ~—

CRITICAL RADIUS

Distance from the source [logarithmic]
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5. Room volume and shape

ARoom volume- directly impacts reverberation time and sound levels DEMO

ALarger rooms have:
A Longer reverberation times (approximately proportional to volume)
A Lower sound pressure levels (~ 6 dB lower when doubling dimensions)
A "Stretched"reflectogramgreflections arrive later) and wider reflection arrival time gaps

1
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5. Room volume and shape

ARoom shape essential for architectural acoustics

AShape influences both aesthetics and acoustic performance

ARoom elements (walls, ceiling, floor, furniture, etc.) affect sound behavior
AUnderstanding acoustic principles important for an effective architectural design
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5. Room volume and shape

A Shoebox shapestandard for many

acoustic spaces

A Ceiling height determines volume for

given floor area

AHigher ceilings generally provide:
A Lower sound pressure levels
A Longer reverberation times
A More surface area for potential

absorption
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A Convex surfaces
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Room volume and shape

A Disperse sound energy
A Help create even sound distribution
A Attenuate sound energy density

A Concave surfaces

lier

A Focus sound energy

A Create acoustic "hot spots”

A Can cause uneven sound distribution
A Generally avoided in acoustic design
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5. Room volume and shape

A Absorption distributioraffects
reverberation decay rate

A Even distribution of absorption materials:
A More effective at reducing reverberation time
A Creates more uniform sound field

A Concentrated absorption (e.g., ceiling only):
A Less effective at controlling reverberation
A May require more material for same effect

A Spreading absorption across multiple
surfaces more effective than concentrating
on one surface

1
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5. Room volume and shape
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5. Room volume and shape

A Standing waves form at room resonance
frequencies; room modes

ACreatenodes(quiet areas) an@ntinodes
(loud areas)

AMost problematic in smalio-medium sized
rooms

APrimarily affect low frequencies
AAIl modes have antinodes in room corners

Enriching lives, opening minds.
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5. Room volume and shape

AFor rectangular rooms, modes are most
pronounced, and can be calculatatdwhich

frequencies they occur:
2 2D @ @]

A where p, g, r are nomegative integers
AL, W, H are room dimensions
A cis speed of sound

AMode distribution determines the acoustic quality
of rooms at low frequencies
The University of Southampton © 2025.

ﬁ: https://blog.soton.ac.uk/soundwaves/standingaves/5roo
CFR
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5. Room volume and shape

ABasiccriteria to avoid strong room
modesin rectangular rooms:
(IEC/ITU/EBU recommendations):

ALH<3
AWM <3
AL/W<3

A Additional criteria to avoid mode
clustering:
Al k2  m 2N H
Al k2 M 2NJH
Al kl 1 M 2NJH

il
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6. Acoustic elements

ASound absorberéelp control acoustic behavior of spaces
ANo single absorber works equally across all audible frequencies

AHow do sound absorber work?

A Standing waves form when sound reflects from surfaces and create nodes (pressure minima)
and antinodes (pressure maxima)

A Particle velocity and pressure nodes/antinodes are opposites
A Absorption is most effective at particle velocity antinodes
A Maximum absorption occurs at distancex n = 0 <etc.rfram refleckva Sirface
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6. Acoustic elements

A Porous Absorbers
A Most effective at high frequencies

A Function through friction between air molecules and
material 1.0 Resonant absorber

A Examples: mineral wool, fiberglass, acoustic foam -

A Membrane (Panel) Absorbers
A Most effective at low frequencies
A Function as masspring systems
A Examples: gypsum boards, wooden panels mount
with air gap

A Resonant (Helmholtz) Absorbers )

t

[Cren

Membrane absorber
05

Seunc%bsorpti on coeff

R Co-funded by Erasmus+
N the European Union

pening minds.

Porous absorber

A Most effective at mid frequencies 10 100 1000

A Function through resonance of air in openings and Frequency (Hz)
cavities

A Examples: perforated panels with air cavities
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_perf. panel

Resonant absorbers

porous
material

Membrane absorbers

cavity

porous
material

Porous absorbers
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6. Acoustic elements

A Absorption effectivenesdepends
on perforation percentage:

A 100% perforation (no panel)
b K Arefjlency absorption

A Partial perforation
b Y-KkeBuency absorption
A 0% perforation (solid panel)
b f-Beguency absorption

|
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10 PR R —
—_No Facing

13% Open

125 250 500 1000 2000 1000
Frequency [Hz]
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6. Acoustic elements

A Acoustic diffusersscatter sound waves in multiple directions

A Effective diffusion occurs when surface features are similar in size to the
wavelength

A Effects of Diffusion:
A Reduces acoustic faults like flutter echoes
A Decreases "sharpness" of reflections
A Creates more homogeneous sound distribution
A Balance between specular and diffuse reflections is important
A Excessive diffusion may cause loss of room's acoustic character
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6. Acoustic elements

ACurved Surfaces

Alrreqular Geometric Structures

A Convex surfaces naturally spread sound
A Concave surfaces first focus sound, then spread it beyond the focal poirss

A Unique property: preserve phase and temporal envelope of sound wavdibs’
A Can be curved in one dimension (cylindrical) or two dimensions (spheri

Hr

A Random surface textures provide scattering at higher frequencies| N
A Rule of thumb: pattern depth (d) determines effective frequency r{js
AOFTFTAOASY G &aOl O i<xNjhayied wageeaytidNB & .
A Side effect: may produce undesirable residual absorption
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6. Acoustic elements

A Periodic Geometric Structures
A Regular patterns like rectangles, triangles, or seytinders e
A Effective frequency range determined by both pattern depth and peri§ an®
A Can be onalimensional (2D diffusion) or twdimensional (3D diffusion )=
A Semicylindrical patterns offer widest frequency range

AMathematical Diffusers
A Schroeder diffusers (e.dQRD- Quadratic Residue Diffusers)
A Based on mathematical sequences
A Consists of wells of different depths
A May have significant residual absorption

1
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7. Reverberation time

ASound waves propagate in all directions until reaching surfaces
AWaves are partially reflected and partially absorbed by surfaces

AMultiple paths exist between source and receiver:

A Direct path (shortest/quickest)
A Numerous reflection paths from surfaces

AEnergy Time Curve shows amplitude of direct sound and reflections

ALater reflections typically have lower amplitudes due to:
A Energy decrease with distance (point sources)
A Energy loss at each reflection (absorption)
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7. Reverberation time

ETC (Energy Time Curve) at the receiver position

Amplitude | |

energy decrease slope
‘\ ................
Time
DIREKT SOUND PATH REFLECTION PATH
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7. Reverberation time

A After multiple reflections, sound field 1
becomes more diffuse >

AA perfectly diffuse field has equal soun
energy from all directions

ATotal sound intensity in a perfectly oy A
diffuse field is zero
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7. Reverberation time

AReverberation time- time required for sound energy to decrease by 60 dB

& ¥
2 & =
3 | g
3 i
™ el 't
5 i
5] .
E h“t
- e '%ﬁ; signal to noise -
s LTI ratio = 67 dB
[ I i,
i [
- —
I g | f
1 L s w
Fif
10
11 !
Tie M) Freguency (Hz)
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7. Reverberation time
Alnfluenced by:

A Room volume
A Surface materials

Direct sound

. Reﬂgctions
(absorption coefficients) D || - reflective walls)
. . . ~ Reflections
A Air attenuation (especially S [ | Il S~ (@bsorptive wals)
at high frequencies) E-L M :"x
DEMO Speech

DEMO Music Reflective walls \ Absorptive walls
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7. Reverberation time

AMathematical expressions:
A Eyring formula (for rooms with higher absorption)
A Sabine formula (for reverberant roomswith XX 1 ®H 0

W
Yag a) Taw

Yy T @

a P “Ya

oy W 0
T &g T @
: 5 p
Y VL
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7. Reverberation time

Interior room Surface | 125Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz
surface Si[m?]
APrediction methods: e Toal o ool a o] asa]aoaleon
] _ :;a(jsgﬁggwalls 1492 | 002 | 298 | 002 | 298 | 003 | 448 | 0.04 | 597 | 0.04 | 597 | 0.04 | 597
A Simple calculations
(Sabine/Eyring formU|aS) ;‘;‘:q”g:t" 141 | 009 | 127 |006 | 085 |0.05| 070 | 005 | 0.70 | 0.03 | 0.42 | 0.03 | 0.42
A Acoustic simulation software for gr‘;';‘t’;séfg?s 282 | 044 | 1240 | 056 | 15.79 | 0.72 | 20.30 | 0.74 | 20.86 | 0.75 | 21.14 | 0.75 | 21.14
COmpleX Spaces Woodendoors | 57 |0414 | 079 | 010 | 057 006 | 034 | 008 | 045 | 0.0 | 057 |0.10 | 057
250 Drapestnfront 1 150 [o0.10 | 150 (009 | 135 | 013 | 195 | 0.28 | 420 | 030 | 450 | 030 | 4.50
Total surface
2,00 area Sy [m?] 2121
0 '\ Eg_”i:"i'(es"_tx"g?‘;":iﬁgz‘?rea 18.95 2153 27.77 32.19 32.60 32.60
£ 1,50 i i i
5 Average absorption
£ 100 coefficient 0.09 0.10 0.13 0.15 0.15 0.15
g’ Oag = A/ St
: Volume V = 209.75 m?
& 0,50 0.16 x V = 33.56
Reverberation time
0.00 | | | | (according to Sabine) [s] 1.77 1.56 1.19 1.01 0.97 0.89
125 250 500 1000 2000 4000
Frequency (Hz)
i
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7. Reverberation time

AMeasurement according to
ISO 3382:
A Interrupted noise method
A Integrated impulse response

method (preferred)
AVariations: T60, T30, T20

depending on measurement
range

1
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8. Other room acoustics parameters

APerformance spaces are evaluated through both objective measurements and
subjective experiences

ANeed forcommon language between acousticians, musicians, and audiences
A Different evaluation criteria based on space purpose (speech vs. music)

AParameter types:
A Objective parameters (audience area and stage area)
A Subjective parameters
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8. Other room acoustics parameters

AAudience parameters: A Stage parameters
A Sound strength (G) A Support parameters
A Reverberance measures
A Clarity parameters
A Spatial impression parameters
A Tonal balance parameters
A Intimacy parameter
A Speech intelligibility
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8. Other room acoustics parameters

ASound Strength (G)
A Measures room's sound amplification capability
A Calculated as ratio between sound energy in room vs. free field at 10 m
At NAFyday SIENXeée a0NBYy3IIK o6DkeO FYyR t10S af
A Directly related to perceived loudness
AReverberance Measures
A Early Decay Time (EDT): Better descriptor of perceived reverberance
A Calculated from initial 10 dB of sound decay
A More relevant to perception than standard reverberation time
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8. Other room acoustics parameters

AClarity Parameters
Al fFNAGE 6/ ke F2N) YdzZaAOZ [/ mwe FT2NJ aLlS
ASSTAYAIUAZY 05me0Y wlidAz 2F SINIeée Sy
A Centre Time (Ts): Balance indicator between clarity and reverberance
A Higher clarity achieved by increasing early reflections or decreasing late ones

A Spatial Impression Parameters
A Early Lateral Energy FractialLl: Measures lateral reflections within first 80 ms
A Lateral Sound Level (LJ): Measures late lateral reflections after 80 ms
A Related to perceived width of sound source and listener envelopment

SOKUOLY
SNHé :

@FR Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necless thibg eebf the European 63
o Union or the European Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA can bsiltkelbrebpon



R Co-funded by Erasmus+
N the European Union

Enriching lives, opening minds.
8. Other room acoustics parameters

ATonal Balance Parameters
A Bass Ratio (BR): Low frequency to4fnédjuency reverberation ratio
A Treble Ratio (TR): High frequency to fit@juency reverberation ratio
A BR relates to warmth, TR relates to brilliance

Alntimacy Parameter
A Initial Time Delay GapTlDG: Time between direct sound and first reflection DEMO

A Smaller values create greater sense of intimacy
A Optimal concert halls have averaJ@ddGaround 20 ms

A Speech intelligibly

A Speech Transmission Index (STI): Measure of speech transmission quality

A Important for rooms intended for lectures, conferences, classrooms\vameand tweway
communication
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8. Other room acoustics parameters

A Stage Area Parameters

A Focus on musicians' ability to hear themselves and each other
A Measurements taken with source and microphone 1 m apart

ASupport Parameters
A9 NX & {dzLILI2 NI 6{¢s0Y wliAaA2z2 2F SIFINIe& NBFf S
Al FGS {dzLILR2 NI o{¢ivY wliaA2 2F t13G3S NBFfSOU?
A{¢s NBEtIGSa G2 SyasSyofS LXlFIeAy3a SIFHaSs {¢i
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8. Other room acoustics parameters

A Subjective Evaluation Dimensions

AFive key perceptual dimensions for concert halls:
A Clarity: Ability to hear musical details
A Reverberation: Appropriate for music type
A Spaciousness: Impression of space created by sound
A Intimacy: Feeling of connection to performance
A Loudness: Adequate sound level throughout hall

A Comprehensive evaluation requires considering all dimensions
AEach subjective quality can be linked to specific objective parameters!
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8. Other room acoustics parameters

Subjective listening aspect Objective parameter Octave bands to be
to be measured taken into account for
obtaining the single-
number value

Subjective level of sound Sound strength G (dB) 500 Hz and 1000 Hz
(arithmetic average)
Perceived reverberance Early decay time EDT (dB) 500 Hz and 1000 Hz
(arithmetic average)
Perceived clarity of sound Music clarity Cg, (dB), 500 Hz and 1000 Hz
Speech clarity Cg, (dB), (arithmetic average)
Definition Dg,, Centre time
T, (ms)
Apparent source width ASW Early lateral energy 125 Hz to 1000 Hz
fraction J.- or J ¢ (arithmetic average)
Listener envelopment Late lateral sound level 125 Hz to 1000 Hz
L; (dB) (energy average)
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9. Optimal acoustic design

AOptimum Reverberation timés frequency

dependent due to material absorption A
properties _ 0
AVaries based on room purpose: E \Weﬂfa"‘mﬂic
A Music: Longer reverberation at low frequenci & *° -~
beneficial @ speech
A Speech: Constant reverberation across 2 . _ )
frequency range preferred © h
0 >
125 220 200 1000 2000
Octave frequency (Hz)
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9. Optimal acoustic desic

w 3.0
_ E
AProportional to room volume % .
5
A Standards and g
recommendation on RT g 7
provide guidance based on: .
A Room purpose g
(music, speech, sports) i
A Room size
0.5
0
100 1000 10 000
Room Volume (m3)
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9. Optimal acoustic design

AOptimal reverberation time
depending on room size an
the type of activity, 20
according to DIN 18041
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9. Optimal acoustic design

AHow the perception of music
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Is influenced by two acoustic L
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parameters: reverberation : Too muddy P
time RT and strength G =
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o
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o Too weak Too loud

Too dry
Strength G (dB)
Mike Barron. Auditorium Acoustics and Architectural Design. 2. ed. Spon Press., 2010.
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10. Typical defects in room acoustics

AMany things can go wrong when designing acoustics of rooms for specific
purposes

A Someacoustical defectsire more frequent and with more consequences:
1. echogreflection delayed more than approx. 50 ms

long delayed reflectiong not echo, but influencing speech and music clarity

shadow zoneg usually because of balconies in concert halls

focusingg wrongly designed concave surface

flutter echo¢ very annoying for musicians on stages

too much sound scatteringno control of the sound field and sound pressure level

too little sound scattering absorbers that are not evenly spread in a room are becoming
less effective

NOo OR WD
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10. Typical defects in room acoustiahadow zones
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10. Typical defects in room acoustidecusing )
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10. Typical defects in room acoustidiitter echo
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