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Objectives

Á Develop and implement an innovative vocational training course  in room acoustics 
and auralization .

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

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

Á 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 Acoustics an Auralization

WP3 - Course Implementation, Acoustic Measurements and Creative Labs

Kick-off meeting on February 28th , 2025 online

Intermediate meeting: May 2025, Zagreb (CRO)

Final meeting: September  12th , 2025 Bologna (ITA)
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1. Lecture A1 - Historical overview and importance of acoustics as intangible heritage (CFR - March 
21, 2025 - online);
2. Lecture A2 - Fundamentals of room acoustics. (FER, April 14, 2025 - in person - Zagreb);
3. Lecture A3 - Equipment and methods of recording acoustic measurements, analysis, and 
interpretation - theoretical and practical part (CFR in Zagreb, April 14, 2025 - in person - Zagreb);
4. Acoustic measurements in Zagreb (CRO): Vatroslav Lisinski Concert Hall and National Theatre of 
Zagreb - (CFR & FER, April 15, 2025 - in person);
5. Acoustic measurements in Faenza (ITA): Teatro Masini in Faenza (CFR & FER, April 29-30, 2025 - in 
person);
6. Lecture A4 - Virtual acoustics, production workflow, and software (FER, May 5, 2025 - in person - 
Zagreb);
7. Lecture A5 - Multi-disciplinary uses of virtual acoustics (cultural heritage, sonic archaeology, games, 
media, etc.) (CFR, May 6, 2025 - in person, Zagreb).

AURALIZE -  Workplan
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1. What is architectural acoustics?

ÅArchitectural acoustics has two main 
fields:
ÅRoom acoustics studies sound interaction 

within an enclosed space where source 
and listener are in the same room

ÅBuilding acoustics studies sound 
transmission through building structures 
when source and listener are in separate 
spaces

ÅPerspective matters!
The same sound can be enjoyable 
music to one person and annoying 
noise to another

ASKnow is a part of Acoucou Platform © 2025. 
Provided under Creative Commons license [CC BY-NC-ND 4.0]
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1. What is architectural acoustics?

ÅRoom acoustics parameters ς measures of sound quality that examine frequency 
dependent and time-varying sound pressure levels

ÅBuilding acoustics parameters ς measure of sound insulation quality of 
structures and background noise levels 

ÅWell-integrated acoustic design provides significant benefits:
ÅLowers overall project costs

ÅPreserves aesthetic elements

ÅEnhances user experience

ÅReduces need for post-construction changes

Å"Good" acoustics helps 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
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2. Basic concepts in acoustics

ÅAcoustics is the science of sound

ÅSoundis a mechanical disturbance from a state of 
equilibrium that propagates through an elastic 
material medium (gas, liquid or solid), causing 
vibration of particles in the medium

ÅPropagation of sound through an elastic medium is 
causing changes in the pressure, velocity, 
temperature, and density of the medium

physical 
quantity

symbol unit

pressure p Pa, bar

velocity v (u) m/s

temperature T (t) K, °C

density  r kg/m3
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2. Basic concepts in acoustics

ÅThe speed of sound is usually denoted by the letter c and measured in meters 
per second, or m/s
ÅSpeed of sound in air is approximately 343 m/s (1,235 km/h) at 20°C

ÅThe frequency of the stimulus produced by the sound source is denoted by the 
letter f and measured in Hertz, or Hz

ÅThe wavelength of the sound wave is the distance over which the wave's shape 
repeats; it is denoted l in and measured in meters, or m

ÅA healthy person hears sounds in the frequency range between 20 Hz and 20,000 
Hz ς audio / audible (frequency) range (l approx. from 17 m to 17 mm)

‗
ὧ

Ὢ
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2. Basic concepts in acoustics

ÅHearing threshold is around 20 mPa 
(0 dB)

ÅPain threshold is around 20 Pa 
(120 dB)

ÅAcoustic pressure fluctuations in 
audible sound are small compared 
to atmospheric pressure (1 bar or 
100 kPa)

ÅChange in sound pressure is 
regularly shown as Sound Pressure 
Level (SPL) in decibel (dB)

ASKnow is a part of Acoucou Platform © 2025. 
Provided under Creative Commons license [CC BY-NC-ND 4.0]
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2. Basic concepts in acoustics

ÅMost sound sources can be represented 
as point sources (acoustic monopoles)

ÅInverse square law
Åthe sound intensity decreases four times 

with doubling the distance from a point 
source (if there are no reflections!)

Åwe hear it as a decrease in sound pressure 
by 6 dB

The University of Southampton © 2025. 
https://blog.soton.ac.uk/soundwaves/wave-basics/point-sources-inverse-square-law/
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2. Basic concepts in acoustics

ÅWaves bounce back when hitting an obstacle, 
are (partially) reflected and interact with the 
incoming wave

ÅSuperposition of two sine waves of same 
intensity, but travelling in opposite directions 
produce standing waves

ÅGraphical representation of sound waves: 
ÅSound waves are usually represented either as 

sound beams (with lines), or as sound fronts 
originating from a point source

ÅThe second method is more accurate, but the first is 
easier to draw

The University of Southampton © 2025. 
https://blog.soton.ac.uk/soundwaves/standing-waves/1-the-nature-of-standing-waves/
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ÅSound waves reflect from hard surfaces (walls, ceiling, floor, furniture), angle of 
incidence q ranges between 0° (normal incidence) and 90° (grazing incidence)

3. Reflection, absorption and scattering
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ÅReal (point) sound sources typically 
produce spherical waves

ÅSound intensity decreases with 
distance (proportional to 1/r²), so does 
sound pressure (proportional to 1/r)

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

ÅThe sound pressure at the receiver 
point is influenced by both sound 
waves (direct and reflected): red + blue

3. Reflection, absorption and scattering
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ÅConvex surfaces ς scatter sound energy (often used shape in room acoustics)

ÅConcave surfaces ς focus sound energy (usually not desired)

ÅUsed strategically in concert halls to distribute sound evenly

3. Reflection, absorption and scattering

DEMO

https://asknow.acoucou.org/lms/course/53e2fab0-edf6-4634-a20e-ae0cdfe73cba/3c7a1a40-617a-4084-b637-5ee63d738bec
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ÅReflection coefficient R - ratio of the sound pressure of the reflected and the 
incident sound wave 

ÅReflection coefficient magnitude: between 0 and 1
ÅR = 1: complete reflection (very hard surfaces like concrete)

ÅR = 0: complete absorption (e.g. thick porous, sound absorbing materials)

3. Reflection, absorption and scattering

Ὑ
ὴ
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ÅAbsorption coefficient a - ratio of energy not being reflected from a surface to 
the total energy of the incident wave

ÅAbsorption coefficient magnitude: between 0 and 1
Åa = 1: complete absorption 

Åa = 0: complete reflection

ÅSound absorption is frequency-dependent

ÅReflection and absorption are inseparable parts of the same principle!

ÅAir attenuation also reduces sound pressure at high frequencies

3. Reflection, absorption and scattering

‌ ρ Ὑ
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ÅMaterials used in buildings have varying absorption properties:
ÅHard materials (concrete, glass): low absorption

ÅPorous materials (carpets, curtains, mineral wool): medium to high absorption

3. Reflection, absorption and scattering



Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European 
Union or the European Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

20

ÅRough surfaces cause scattering at reflection

ÅEffect depends on wavelength versus surface irregularity size

3. Reflection, absorption and scattering
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ÅScattering coefficient s - ratio of the scattered energy compared to the total 
reflected energy

ÅScattering coefficient magnitude: between 0 and 1
Ås = 1: all sound energy is scattered (reflected in non-specular directions)

Ås = 0: no energy is scattered (reflection from a plan surface)

3. Reflection, absorption and scattering

Ὓ
Ὁ
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ÅBenefits of scattering:
ÅIncreases sound diffusion

ÅEvenly distributes sound energy

ÅPrevents strong reflections or focusing

ÅCommon scattering elements:
ÅConvex surfaces, columns

ÅAudience seating areas

ÅPeriodic geometric structures

ÅSpecialized diffusers

3. Reflection, absorption and scattering
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ÅSound diffraction - occurs at edges 
where materials with different 
acoustic impedance meet

ÅSound waves bend around edges 
and obstacles

ÅDiffraction is significant when 
object size (d) is comparable to 
wavelength (l)

3. Reflection, absorption and scattering

DEMO
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ÅSound diffraction is frequency-dependent (barriers are less effective at low 
frequencies)

ÅReal-world examples:
ÅHearing around corners

ÅOrchestra pit sound in opera houses

ÅNoise barriers along roads

ÅHead-related transfer functions

3. Reflection, absorption and scattering
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ÅWe perceive both visual and acoustic qualities of a space when entering a room

ÅAcoustic comfort relates to our subjective feeling of the acoustic suitability of a 
room, its reverberance, spaciousness, interior noise and other acoustic qualities

ÅRoom acoustics depend on:
1. Room volume

2. Room shape

3. Acoustic characteristics of interior room surfaces (walls, floor, ceiling, furniture)

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

ÅIn enclosed spaces, sound waves reflect multiple times from boundaries and 
obstacles
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4. Room response to sound

ÅA reflectogram plots sound pressure level over time, showing how reflections 
decay gradually

Reflectogram

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

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

         Azimuth angle: 0,00°, elevation angle: 0,00°

         Reflection: 0. order, 1. reflection of 24, source:1
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ÅDirect sound only (red line, line of sight), no reflection from the floor

4. Room response to sound
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ÅOne reflection from a reflective surface (blue line)

4. Room response to sound
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ÅOne reflection from an absorptive surface (blue line)

4. Room response to sound
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ÅReflection from a sound scattering surface (blue lines)

4. Room response to sound
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ÅDiffracted sound above a low screen (blue line), no direct sound!

4. Room response to sound
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ÅDiffracted sound above a high screen (blue line), no direct sound!

4. Room response to sound

DEMO
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4. Room response to sound

ÅDirect sound takes the shortest path from source to 
receiver and is unaffected by room properties

ÅTwo important categories of reflections:
ÅEarly reflections (first 50 to 80 ms) support source 

localization and improve speech intelligibility
ÅLate reflections give perception of room size

ÅReflection energy decreases due to:
ÅIncreasing distance (sound energy spreads over larger 

wavefront area)
ÅSurface absorption (surfaces convert sound energy to 

heat with each reflection)
ÅAir friction (primarily affects high frequencies)

ÅThe sequence of reflected sounds is perceived as 
reverberation

ASKnow is a part of Acoucou Platform © 2025. 
Provided under Creative Commons license [CC BY-NC-ND 4.0]
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4. Room response to sound

ASKnow is a part of Acoucou Platform © 2025. 
Provided under Creative Commons license [CC BY-NC-ND 4.0]

Åsound field in the room depends 
on the distance from the source:
ÅNear the source ς direct field (-6 dB 

decrease by doubling of distance)

ÅFar from the source ς reverberant 
field (almost uniform sound 
pressure level)
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5. Room volume and shape

ÅRoom volume - directly impacts reverberation time and sound levels

ÅLarger rooms have:
ÅLonger reverberation times (approximately proportional to volume)

ÅLower sound pressure levels (~ 6 dB lower when doubling dimensions)

Å"Stretched" reflectograms (reflections arrive later) and wider reflection arrival time gaps

DEMO
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5. Room volume and shape

ÅRoom shape - essential for architectural acoustics

ÅShape influences both aesthetics and acoustic performance

ÅRoom elements (walls, ceiling, floor, furniture, etc.) affect sound behavior

ÅUnderstanding acoustic principles important for an effective architectural design
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5. Room volume and shape

ÅShoe-box shape: standard for many 
acoustic spaces

ÅCeiling height determines volume for 
given floor area

ÅHigher ceilings generally provide:
ÅLower sound pressure levels

ÅLonger reverberation times

ÅMore surface area for potential 
absorption
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5. Room volume and shape

ÅConvex surfaces:
ÅDisperse sound energy

ÅHelp create even sound distribution

ÅAttenuate sound energy density

ÅConcave surfaces:
ÅFocus sound energy

ÅCreate acoustic "hot spots"

ÅCan cause uneven sound distribution

ÅGenerally avoided in acoustic design
ASKnow is a part of Acoucou Platform © 2025. 
Provided under Creative Commons license [CC BY-NC-ND 4.0]
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5. Room volume and shape

ÅAbsorption distribution affects 
reverberation decay rate

ÅEven distribution of absorption materials:
ÅMore effective at reducing reverberation time

ÅCreates more uniform sound field

ÅConcentrated absorption (e.g., ceiling only):
ÅLess effective at controlling reverberation

ÅMay require more material for same effect

ÅSpreading absorption across multiple 
surfaces more effective than concentrating 
on one surface
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5. Room volume and shape
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5. Room volume and shape

ÅStanding waves form at room resonance 
frequencies ς room modes

ÅCreate nodes (quiet areas) and antinodes 
(loud areas)

ÅMost problematic in small-to-medium sized 
rooms

ÅPrimarily affect low frequencies

ÅAll modes have antinodes in room corners
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5. Room volume and shape

ÅFor rectangular rooms, modes are most 
pronounced, and can be calculatedat which 
frequencies they occur:

Åwhere p, q, r are non-negative integers

ÅL, W, H are room dimensions

Åc is speed of sound

ÅMode distribution determines the acoustic quality 
of rooms at low frequencies

The University of Southampton © 2025. 
https://blog.soton.ac.uk/soundwaves/standing-waves/5-room-modes/
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5. Room volume and shape

ÅBasic criteria to avoid strong room 
modes in rectangular rooms: 
(IEC/ITU/EBU recommendations):
ÅL/H < 3

ÅW/H < 3

ÅL/W < 3

ÅAdditional criteria to avoid mode 
clustering:
Å[κ² ґ м ƻǊ н

ÅIκ² ґ м ƻǊ н

Å[κI ґ м ƻǊ н
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6. Acoustic elements

ÅSound absorbers help control acoustic behavior of spaces

ÅNo single absorber works equally across all audible frequencies

ÅHow do sound absorber work?
ÅStanding waves form when sound reflects from surfaces and create nodes (pressure minima) 

and antinodes (pressure maxima)

ÅParticle velocity and pressure nodes/antinodes are opposites

ÅAbsorption is most effective at particle velocity antinodes

ÅMaximum absorption occurs at distances ˂κпΣ о˂κпΣ р˂κпΣ etc. from reflective surface
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6. Acoustic elements

ÅPorous Absorbers
ÅMost effective at high frequencies
ÅFunction through friction between air molecules and 

material
ÅExamples: mineral wool, fiberglass, acoustic foam

ÅMembrane (Panel) Absorbers
ÅMost effective at low frequencies
ÅFunction as mass-spring systems
ÅExamples: gypsum boards, wooden panels mounted 

with air gap

ÅResonant (Helmholtz) Absorbers
ÅMost effective at mid frequencies
ÅFunction through resonance of air in openings and 

cavities
ÅExamples: perforated panels with air cavities
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6. Acoustic elements



Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European 
Union or the European Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

48

6. Acoustic elements

ÅAbsorption effectiveness depends 
on perforation percentage:
Å100% perforation (no panel) 
Ҧ ƘƛƎƘ-frequency absorption

ÅPartial perforation 
Ҧ ƳƛŘ-frequency absorption

Å0% perforation (solid panel) 
Ҧ ƭƻǿ-frequency absorption

ASKnow is a part of Acoucou Platform © 2025. 
Provided under Creative Commons license [CC BY-NC-ND 4.0]



Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European 
Union or the European Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

49

6. Acoustic elements

ÅAcoustic diffusers scatter sound waves in multiple directions

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

ÅEffects of Diffusion:
ÅReduces acoustic faults like flutter echoes

ÅDecreases "sharpness" of reflections

ÅCreates more homogeneous sound distribution

ÅBalance between specular and diffuse reflections is important

ÅExcessive diffusion may cause loss of room's acoustic character
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6. Acoustic elements

ÅCurved Surfaces
ÅConvex surfaces naturally spread sound

ÅConcave surfaces first focus sound, then spread it beyond the focal point

ÅUnique property: preserve phase and temporal envelope of sound waves

ÅCan be curved in one dimension (cylindrical) or two dimensions (spherical)

ÅIrregular Geometric Structures
ÅRandom surface textures provide scattering at higher frequencies

ÅRule of thumb: pattern depth (d) determines effective frequency range

Å9ŦŦƛŎƛŜƴǘ ǎŎŀǘǘŜǊƛƴƎ ƻŎŎǳǊǎ ǿƘŜƴ Ř җ ˂κп όquarter wavelength)

ÅSide effect: may produce undesirable residual absorption
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6. Acoustic elements

ÅPeriodic Geometric Structures
ÅRegular patterns like rectangles, triangles, or semi-cylinders

ÅEffective frequency range determined by both pattern depth and period

ÅCan be one-dimensional (2D diffusion) or two-dimensional (3D diffusion)

ÅSemi-cylindrical patterns offer widest frequency range

ÅMathematical Diffusers
ÅSchroeder diffusers (e.g., QRD - Quadratic Residue Diffusers)

ÅBased on mathematical sequences

ÅConsists of wells of different depths

ÅMay have significant residual absorption
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7. Reverberation time

ÅSound waves propagate in all directions until reaching surfaces

ÅWaves are partially reflected and partially absorbed by surfaces

ÅMultiple paths exist between source and receiver:
ÅDirect path (shortest/quickest)

ÅNumerous reflection paths from surfaces

ÅEnergy Time Curve shows amplitude of direct sound and reflections

ÅLater reflections typically have lower amplitudes due to:
ÅEnergy decrease with distance (point sources)

ÅEnergy loss at each reflection (absorption)
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7. Reverberation time
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7. Reverberation time

ÅAfter multiple reflections, sound field 
becomes more diffuse

ÅA perfectly diffuse field has equal sound 
energy from all directions

ÅTotal sound intensity in a perfectly 
diffuse field is zero
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7. Reverberation time

ÅReverberation time - time required for sound energy to decrease by 60 dB
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7. Reverberation time

ÅInfluenced by:
ÅRoom volume

ÅSurface materials 
(absorption coefficients)

ÅAir attenuation (especially 
at high frequencies)

DEMO Music

DEMO Speech
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7. Reverberation time

ÅMathematical expressions:
ÅEyring formula (for rooms with higher absorption)

ÅSabine formula (for reverberant rooms with ʰ Җ лΦнύ
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7. Reverberation time

ÅPrediction methods:
ÅSimple calculations 

(Sabine/Eyring formulas)

ÅAcoustic simulation software for 
complex spaces
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7. Reverberation time

ÅMeasurement according to 
ISO 3382:
ÅInterrupted noise method

ÅIntegrated impulse response 
method (preferred)

ÅVariations: T60, T30, T20 
depending on measurement 
range
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8. Other room acoustics parameters

ÅPerformance spaces are evaluated through both objective measurements and 
subjective experiences

ÅNeed for common language between acousticians, musicians, and audiences

ÅDifferent evaluation criteria based on space purpose (speech vs. music)

ÅParameter types:
ÅObjective parameters (audience area and stage area)

ÅSubjective parameters
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8. Other room acoustics parameters

ÅAudience parameters:
ÅSound strength (G)

ÅReverberance measures

ÅClarity parameters

ÅSpatial impression parameters

ÅTonal balance parameters

ÅIntimacy parameter

ÅSpeech intelligibility

ÅStage parameters
ÅSupport parameters
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8. Other room acoustics parameters

ÅSound Strength (G)
ÅMeasures room's sound amplification capability

ÅCalculated as ratio between sound energy in room vs. free field at 10 m

Å±ŀǊƛŀƴǘǎΥ ŜŀǊƭȅ ǎǘǊŜƴƎǘƘ όDќєύ ŀƴŘ ƭŀǘŜ ǎǘǊŜƴƎǘƘ όDѕїєύ

ÅDirectly related to perceived loudness

ÅReverberance Measures
ÅEarly Decay Time (EDT): Better descriptor of perceived reverberance

ÅCalculated from initial 10 dB of sound decay

ÅMore relevant to perception than standard reverberation time
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8. Other room acoustics parameters

ÅClarity Parameters
Å/ƭŀǊƛǘȅ ό/ќє ŦƻǊ ƳǳǎƛŎΣ /љє ŦƻǊ ǎǇŜŜŎƘύΥ wŀǘƛƻ ƻŦ ŜŀǊƭȅ ǘƻ ƭŀǘŜ ǎƻǳƴŘ ŜƴŜǊƎȅ

Å5ŜŦƛƴƛǘƛƻƴ ό5љєύΥ wŀǘƛƻ ƻŦ ŜŀǊƭȅ ŜƴŜǊƎȅ ǘƻ ǘƻǘŀƭ ŜƴŜǊƎȅ

ÅCentre Time (Ts): Balance indicator between clarity and reverberance

ÅHigher clarity achieved by increasing early reflections or decreasing late ones

ÅSpatial Impression Parameters
ÅEarly Lateral Energy Fraction (JLF): Measures lateral reflections within first 80 ms

ÅLateral Sound Level (LJ): Measures late lateral reflections after 80 ms

ÅRelated to perceived width of sound source and listener envelopment
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8. Other room acoustics parameters

ÅTonal Balance Parameters
ÅBass Ratio (BR): Low frequency to mid-frequency reverberation ratio

ÅTreble Ratio (TR): High frequency to mid-frequency reverberation ratio

ÅBR relates to warmth, TR relates to brilliance

ÅIntimacy Parameter
ÅInitial Time Delay Gap (ITDG): Time between direct sound and first reflection

ÅSmaller values create greater sense of intimacy

ÅOptimal concert halls have average ITDG around 20 ms

ÅSpeech intelligibly
ÅSpeech Transmission Index (STI): Measure of speech transmission quality 

ÅImportant for rooms intended for lectures, conferences, classrooms, one-way and two-way 
communication

DEMO
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8. Other room acoustics parameters

ÅStage Area Parameters
ÅFocus on musicians' ability to hear themselves and each other

ÅMeasurements taken with source and microphone 1 m apart

ÅSupport Parameters
Å9ŀǊƭȅ {ǳǇǇƻǊǘ ό{¢ѕύΥ wŀǘƛƻ ƻŦ ŜŀǊƭȅ ǊŜŦƭŜŎǘƛƻƴǎ ǘƻ ŘƛǊŜŎǘ ǎƻǳƴŘ

Å[ŀǘŜ {ǳǇǇƻǊǘ ό{¢іύΥ wŀǘƛƻ ƻŦ ƭŀǘŜ ǊŜŦƭŜŎǘƛƻƴǎ ǘƻ ŘƛǊŜŎǘ ǎƻǳƴŘ

Å{¢ѕ ǊŜƭŀǘŜǎ ǘƻ ŜƴǎŜƳōƭŜ ǇƭŀȅƛƴƎ ŜŀǎŜΣ {¢і ǘƻ ǇŜǊŎŜƛǾŜŘ Ƙŀƭƭ ǊŜǎǇƻƴǎŜ
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8. Other room acoustics parameters

ÅSubjective Evaluation Dimensions

ÅFive key perceptual dimensions for concert halls:
ÅClarity: Ability to hear musical details

ÅReverberation: Appropriate for music type

ÅSpaciousness: Impression of space created by sound

ÅIntimacy: Feeling of connection to performance

ÅLoudness: Adequate sound level throughout hall

ÅComprehensive evaluation requires considering all dimensions

ÅEach subjective quality can be linked to specific objective parameters!
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8. Other room acoustics parameters
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9. Optimal acoustic design

ÅOptimum Reverberation time is frequency 
dependent due to material absorption 
properties

ÅVaries based on room purpose:
ÅMusic: Longer reverberation at low frequencies 

beneficial

ÅSpeech: Constant reverberation across 
frequency range preferred
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9. Optimal acoustic design

ÅProportional to room volume

ÅStandards and 
recommendation on RT 
provide guidance based on:
ÅRoom purpose 

(music, speech, sports)

ÅRoom size
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9. Optimal acoustic design

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

Mike Barron. Auditorium Acoustics and Architectural Design. 2. ed. Spon Press., 2010.

ÅHow the perception of music 
is influenced by two acoustic 
parameters: reverberation 
time RT and strength G
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10. Typical defects in room acoustics

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

ÅSome acoustical defects are more frequent and with more consequences:
1. echo ς reflection delayed more than approx. 50 ms

2. long delayed reflections ς not echo, but influencing speech and music clarity

3. shadow zones ς usually because of balconies in concert halls

4. focusing ς wrongly designed concave surface

5. flutter echo ς very annoying for musicians on stages

6. too much sound scattering ς no control of the sound field and sound pressure level

7. too little sound scattering ς absorbers that are not evenly spread in a room are becoming 
less effective
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10. Typical defects in room acoustics ς echo

> 17 m
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10. Typical defects in room acoustics ς long delayed reflections

before   after

< 17 m
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10. Typical defects in room acoustics ς shadow zones
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10. Typical defects in room acoustics ς focusing
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10. Typical defects in room acoustics ς flutter echo

green position yellow position


