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Room acoustics
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A Sound in the room is a combination of direct and reflected sound
A Pulse response enables analysis and modeling of acoustic properties of rooms, as well

as understanding how sound behaves in certain conditions
A The sound duration is:
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Room acoustics
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Room acoustics
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RT60 (Reverberation Time) is the time it takes for the
volume in the room to drop by 60 dB after the sound
source stops.

Pulse response can be measured directly by using a
pulse source, such as a gun shot, a balloon burst, or
any other sound source that produces a pulse with
sufficient bandwidth and energy, and then measuring
the time it takes for the volume to drop by 60 dB.
Longer RT60 time means longer reverberation, which
may be desirable in some contexts, such as concert
halls, where a rich, full sound is desired.

Prolonged RT60 time can lead to mixing and loss of
speech clarity, especially in rooms where speech
intelligibility is key, such as conference rooms or
classrooms.
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Room acoustics
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Background noise (ambient sound) is sound that occurs naturally in the environment and can
be caused by various factors, such as external sounds, air conditioning, human activity or
other sound sources.

Critical distance: the distance from the sound source to the microphone at which the direct
sound is at the same level as the ambient sound

If the sound source is quiet, or if there is constant ambient noise, then the level is high, the
critical distance is reduced.

Background noise measurement: Calibration, Positioning,
Measurement, Result reading, Result analysis

Useful tone at least 10dB above ambient noise level

AMBIENT SOUND
(NOISE & REVERBERATION)
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Room acoustics

Noise Criteria (NC), is a standardized system for Noise Criteria (NC) Curves
classifying and measuring indoor noise levels i
The NC system categorizes noise levels based on - \\\ -
frequency spectrum and volume, giving numerical N ——NC-65
designations from NC-15 to NC-80. = . A =
The lower the NC number, the lower the noise g - \\ e
level, while the higher NC numbers indicate a 2 . \ ——Ne45
higher noise level 5 NN -
Preferably 20 825 for conference rooms 2 e, . —newo
Problem over 50 o —Ne>
10 e NC-20
0 T T T T T : ; ; : \ m—NC-15
16 315 63 125 250 500 1000 2000 4000 8000 — S DECET UM
octave band center frequency (Hz)
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Noise measurement
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A The sound insulation index of a partition is
obtained by comparing the measure d results with
. . L]
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A In American literature, instead of insulating power, s \
the Sound Transmission Class (STC) is calculated E n,\
E H /’ AN standardna krri':;an?i-:uemernna 13 d3
L r L I
S an negativno odstupanje
BASIC ADD DOUBLE REMOVE ONE REMOVETWO ADD TWO OUTSIDE =
STUDWALL INSULATION INSULATEDSTUD ~ PLASTERBOARD ~ PLASTERBOARDS  PLASTERBOARDS "=~.‘| | | | | |
=4 =< B N E = X X = = kriva dobijena merenjem
5 1
; ' a
= =4 H E EHE EE = N 100 160 250 400 630 1000 1600 X500 4000

frekvenciia [Hzl

STC33 STC36 STC40 STC50 STC57 STC 63



@WB{@@&

Bl Co-funded by
the European Union

Noise sources

A Air conditioning, heating and ventilation are the most common sources of background noise
A Projectors, traffic, electronic devicesé.

A Mechanical engineers are required to analyze ventilation/air conditioning noise in
consultation with the acoustics engineer
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Noise sources

A Air conditioning makes two types of noise:

UZROK UZROK

* Mehanicki Sum * Strujanje vazduha

RESENJE RESENJE

* Low-Shelf EQ * High-Shelf EQ

* Redukcija 3uma putem DSP * Upotreba niza mikrofona ili

« Manji broj otvorenih mik mikrofona sa visokom usmerenoscu

 anin oo
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How to Improve room acoustics

A Appropriate sound insulation of room

o > o T To To I

Ensure high STC of walls, ceilings and floors when designing

High STC for windows when starting

Soundproofing of the air conditioning room

Using insulating materials between walls (glass wool, mineral wool,
cellulose insulating materials)

Using Plasterboard with holes JEAR
Avoid glass and flat surfaces %{*“" oA
Rough rule: opening a door or window by only 1% allows as much as: &
50% of the sound to pass through the opening A




N
Co-funded by
WBW@{.& the European Union

How to Improve room acoustics

A Appropriate sound insulation of the room
A Reduction of ambient noise

A Analysis by a mechanical engineer of the moving parts of the H\
system

A Reducing the number of fans in the room

A Limiting electronic equipment (projectors, active cooling, etc.)
A Lownoise room location

A Define the minimum criterion of room noise
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How to Improve room acoustics

A Appropriate sound insulation of the room L
A Reduction of ambient noise or noise levels e
A Choosing a room interior

A Absorbers and diffusers

A Wall decoration

A Panels

A Ceiling system

A Floor

A Furniture

- |
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The perfect room?
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Acoustics In TV

AThe reverberation time is the time it takes for the sound emitted in a closed room to drop to one
millionth of its initial intensity, after the termination of its broadcast, which corresponds to a
reduction in the sound level by 60 dB (the reverberation time has elapsed).

At depends on: room geometry, the absorption coefficient of the walls, floor and ceilings, as well
as the number and absorption characteristics of the objects filling the room.

AThe material absorption coefficient varies depending on the sound frequency, so the
reverberation time of the room is not the same for different sound frequencies. It is more
difficult to determine the reverberation time for lower frequencies.
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Acoustics In TV

AThe reverberation time is the time it takes for the sound emitted in a closed room to drop to one
millionth of its initial intensity, after the termination of its broadcast, which corresponds to a
reduction in the sound level by 60 dB (the reverberation time has elapsed).

At depends on: the geometry of the room, the absorption coefficient of the walls, floor and
ceilings, as well as the number and absorption characteristics of the objects filling the room.

AThe material absorption coefficient varies depending on the sound frequency, so the
reverberation time of the room is not the same for different sound frequencies. It is more
difficult to determine the reverberation time for lower frequencies.
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Technical conditions for acoustic treatment

MNature of the facility, size and shape of the facility,
ACondition of the facility
Masic design criteria for acoustic treatment:

Arhe maximum recommended reverberation time in medium-frequency TV studios should be a
maximum of 0.6s.

Af the room is already built, the reverberation time should first be measured in its existing
condition, and then, based on that, the type of acoustic treatment should be proposed.
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Technical conditions for acoustic treatment

Avarious absorption materials can be used, as well as single, double, or triple partitions, with
glass wool inserted between them or with an air gap (perforated RIGITON 60k60 panels
(KNAUF), with acoustic fabric behind the perforations serving as the absorption material).

ARIGITON panels are also installed on the ceiling.

At can also be done with double rigips panels (glass wool + air) in between i good acoustic and
thermal insulation.

AGypsum ceiling tiles 60k60 or plasterboards should be installed at an angle if possible (zig-zag
or tilted)

Aor glass partitions between the utility and TV studios, if the partition is used for camera
Imaging, the glass should be tilted about 15 degrees due to reflection.
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Two-room TV system

T r
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Rezuitati merenja vemena reverberacije u po¢etnom stanju prostorije TV
studija i kriterijum za projektovanje akusticke obrade (maksimalna preporuc¢ena

vrednost).
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Acoustic Study Processing

Arhe figure shows that the reverberation time at the lowest frequencies should be reduced.

ASuggestion:
Aliminate opposing hard, plastered parallel surfaces.
Anstall acoustic absorbent material on these walls i Azmafon, AD panels with fabric.

Nhe wall on which chrome is expected should remain flat and painted with the appropriate matte
paint (it should not be acoustically treated). A suitable canvas can also be used.

Af the studio is low, about 3m, the reflectors are placed directly next to the ceiling, in this case, it is
not possible to apply acoustic treatment across the entire surface, only between the lighting support
elements. Acoustic treatment elements on the ceiling must withstand high temperatures.

Af a curtain or cyclorama is used, it can partially replace acoustic material (thick fabric 7 has a high
absorption coefficient, installed at an appropriate distance from the wall surface, gathered at a 2:1
ratio by stitching along the track).



QWBm@ii

Absorption coefficient in %
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Frekvencija [Hz]

Materjal 125 250 500 | 1000 | 2000 4000
Zid malterisan 1-2 2 2 3 4 5-7
Drvo 1 - 5 - 4 4
Parket 20 15 10 10 9 10
Staklo 10-22 4-6 3 2 2 2
Tepih 4-10 5-15 | 10-20 | 20-30 | 30-40 | 30-60
Nabrana zavesa 15 35 55 70 70 65
Akusticke ploce 20 35 50 55 60 70
Fotelje 1-256 | 15-30 | 2-35 | 3-45 4-5 35-45
Apsorpcija po osobi [m?] 0,15 0,3 0,5 0,55 0,6 0,5
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Material insulation power
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Measuring reverberation time in post -processing
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Rezultati merenja vemena reverberacije u zavrsenom TV studiju. Radi :
poredenja, na slici je tanjom linijom ponovijen rezultat izmeren u zatedenom stanju
prostora (gornja kriva), kao i postavijeni kriterijum za maksimalnu preporucenu

vrednost.
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MICROPHONES
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What Is a microphone?

AThe microphone is an electro-acoustic converter that converts sound waves into an electrical

signal.

AThe basic function is to enable the transmission and processing of sound in technical systems.
AThe first microphones were created at the end of the 19th century for telephony purposes.
Atoday, microphones are key in the media, music and telecommunications.

Awnithout a microphone, recording, broadcasting, and transmiting audio would not be possible.
AEach type of microphone has a specific purpose and characteristics.

AThe microphone is the first and one of the most important elements of the audio chain.
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Principle of Operation

Arhe microphone converts acoustic pressure into electrical voltage. >>>>>>> Qi mnMH/W,\T
v

T Output Signal

Arhe vibration of the diaphragm is accompanied by changes in sound waves. .7/ wewe = ™™

d
es

Arhe movements of the diaphragm cause changes in the microphone's electrical circuit.
ADynamic microphones use electromagnetic induction.
ACapacitor microphones work to change the capacity.

Arape microphones use vibrations of a thin metal strip in a magnetic field.

. . . . . Amplified
Arhe electrical signal is weak and requires mic preamp. . e
Magnet : 1 f Magnet
Amplifier FF
Seund e b e | Sound
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Historical development of the microphone

Arhe first microphones were used in telephony in the late 1800s.

ACarbon microphones were dominant in early telecommunications.

ADynamic microphones appeared in the 1930s (Shure 55).

ACondenser microphones have been developed for high audio fidelity in the studio.
Arape microphones popular in radio and studios in the mid-20th century.

AWireless microphones were introduced in the 1950s and 1960s.

AContemporary trends include USB and network (Dante) microphones.

VINTAGE
MD421
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Microphone application

An television, microphones are used for dialogue, interviews and broadcasting events.

AThe film uses boom and lavalier microphones for dialogue and ambience.
ACondenser and dynamic microphones for instruments and vocals are used in music.
An radio, the microphone is crucial for speech and live broadcasts.

An telecommunications, microphones are found in phones and computers.

ASpecial measurement microphones are used in science and industry.

An everyday life, they are present in smartphones and laptops.
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Microphone partitioning

Arinciple of operation: dynamic, capacitor, tape, electret.

Mivision by orientation: omni, cardioid, supercardioid, figures-8.
Mivision by application: studio, lavalier, boom, manual, boundary.
ASplit by connection: wired and wireless microphones.
Mistribution by signal format: analog and digital microphones.
ACapsule size distribution: large diaphragm and small diaphragm.

Aviultifunctional microphones have the ability to change polar patterns.



N
Co-funded by
’ WBﬁ@ﬁ the European Union

Dyvnamic microphones: working principle

Arhe dynamic microphone operates on the principle of electromagnetic induction.
ASound moves the diaphragm which is connected to a coil within the magnetic field.
AThe movement of the coil generates an electrical signal proportional to the sound.
AThey do not require power to operate.

AThey are robust and resistant to physical shocks.

Diaphragm

AThey tolerate high sound pressure levels (SPL) well.
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Dvnamic microphones: application

AThey are most commonly used at concerts and live events.
ASuitable for vocals in noisy environments.

AThey have natural resistance to background noise.

AThey reject microphone (feedback) well.

AThey are long-lasting and cheaper than condenser microphones.
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Condenser microphones: working principle

CONDENSER MICROPHONE

Arhe condenser microphone operates on the principle of variable capacity. >>>>>> Ll
il

AThe diaphragm and back plate form a condenser.

BACK PLATE
DIAPHRAGM
(FRONT PLATE)

AThe sound moves the diaphragm, changing the capacity and creating a signal.

PHANTOM POWER
(BATTERY)

AThey need a phantom power supply (+48V).

ArThey are more sensitive to detail and high frequencies. Ao Sana
0

AThey have a wider frequency range than dynamic microphones.

Sound  =—p

Arhey are used where high audio fidelity is required. aves =
Front Plate Back Plate Battery

(Diaphragrm)
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Condenser microphones: application

AStandard in instrument recording studios.

AThey are used in radio and TV studios.

ASuitable for recording acoustic instruments.

AThey are often used as overhead drum mics.

AThey convey the dynamics and details in the sound very accurately.

AThey can be large diaphragm or small diaphragm.

Mirectional microphones are often condenser

A/ery sensitive to ambient noise and room.
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Ribbon microphones

AThey use a thin metal strip placed in a magnetic field.

RIBBON MICROPHONE Transformer

AThe sound moves the tape and generates a signal. —

AThey have a warm and natural sound.
Ribbon |

AThey most often have a figure-8 polar pattern.

AThey are sensitive to mechanical damage.

Magnet

Aot suitable for extremely high SPL levels.

Aopular in vocal and guitar amplifier studios.
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Electret Condenser Microphones

A\ special type of capacitor with a constantly charged membrane.
Arhey do not require a high phantom power supply.

ASmall and compact, ideal for lavalier microphones. ; MIC electret  Iic

Capacitor

AThey are used in mobile devices and laptops. J o
AThey have a good price-to-quality ratio

| ~
i
AOften integrated into wireless lapel systems. ' Waves F - JFET
G

L]

y

MSensitive to noise and RF interference.
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USB Microphones

AThey connect directly to the computer via a USB port.
AThey have a built-in digital audio interface solution.
Aopular for podcasting and streaming.

ASuitable for home studies and content creators.
ACheaper than professional XLR microphones.

ALimited options in terms of quality and settings.
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Alat microphones placed on the surface (table, floor).
AThey use sound reflection for better response.

AThey are used in conference rooms.

ASuitable for recording group conversations.

ASome models use cardioid capsules.

AThey are also used in theatre for recording ambient sound.

AOften connected via XLR or mini-jack.
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Specilalized microphones

APiezo microphones for instrument vibration capture.
Ainaural mics with ear mimics for 3D audio.
AContact microphones for special effects and experimental music.

Avleasurement microphones (flat response).

Anaterproof microphones for special applications.
ASport microphones with directional capsules.

Awireless clip-on microphones for small devices.
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Dvnamic vs (ndenser

Aynamic microphones are more resilient and cheaper.

ACondenser microphones are more sensitive and expensive.
AThey are dynamically ideal for fieldwork and noisy environments.
ACondensers are better for studio and precision recording.

MDynamically, they have a narrower frequency range.

ACondenser have a wider range and a better transient response.

Arhe choice depends on the purpose and environment. Dynamlc Condenser
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Examples of TV production microphones

A avalier microphones for managers and guests.

AShotgun microphones on a boom stick.

ADynamic microphones for reporters in the field.
ACondenser microphones for studio shows.

AWireless systems for the free movement of speakers.
Aoundary microphones for panel discussions.

Avlicrophone on camera for backup sound.
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Film and terrain microphone examples

AShotgun microphones on boom dialogue holder.

A avalier microphones hidden under actors' clothes.
Ainaural microphones for special effects.

Aortable recorders with integrated microphones.
ANireless systems for mobile scenes.

AContact microphones for special sound effects.

Avicrophone combination for ambience and voice.
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Microphone characteristics

Arhe frequency range indicates which frequencies the microphone can reproduce.

AThe typical range for voice microphones is 80 Hz to 15 kHz.

Arhe studio condenser microphones have a wider range (20 Hz i 20 kHz).
Aynamic microphones often have a narrower range, but tolerate more SPL.
A wider frequency range allows for more natural sound reproduction.

At is important when choosing a microphone for a vocal or instrument.

+10

AThe flatness of the response in the range is as important as the width.

B i

2 3 4 56789 2 3 456789
20 50 100 1000 10000 20000
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Microphone characteristics

ASensitivity indicates how strongly the microphone converts an acoustic signal into an electrical

a
g

-

o
-~

one.

High sensitivity, condenser.

. - (e.g. AT4022, 20mV/Pa) | miivors
Mveasured in millivolts per pascal (mV/Pa). el
ACondenser microphones are more sensitive than dynamic microphones. | i
Adigher sensitivity means a better response to quiet sounds. A o
—_—
AThe lower sensitivity is suitable for recording loud sources. | ' Low sensitivity, ribbon. h

(e.g. M160, 1mV/Pa)
AThe sensitivity balance and the SPL determines the purpose of the microphone.

A=xample: DPA 4060 has a high sensitivity for detailed dialogue.

\) Needs high sensitivity dB
B dr—= [ A

\\\ Needs low sensitivity | ~"dB /=,
D)) are—
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Microphone characteristics

Arhe SPL indicates the maximum sound pressure that the microphone can withstand.

Aynamic microphones withstand over 150 dB SPL. Typical Sound Levels (dBA)
ACondenser microphones have a lower threshold but better precision. I:MD_MHDHM“
. . . 130 - Jet Taking OFf (200 ft. cwau?
Aexceeding the SPL causes distortion and damage. [— 120 - Operating Heau Exuipment
— 110 - Might Club {w/ music)
An important parameter for recording drums and amplifiers. IS
b 501 - Frrgight Train (100 ft. cwouh
Aviicrophones for singers usually tolerate about 1307 140 dB SPL. I

S0 - Urban Residence

Arhe SPL should always be aligned with the preamplifier and gain. 40 - Soft Whisper (5 Frcwau)

30 - Morth Rim of Grand Conyon
20 - Silent Study Room

0 - Threshald of Hearing {1000 Hz)
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Microphone characteristics
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Ampedance is the resistance a microphone provides to an electrical signal.

Ahe | ow impedance (<200 Y) is
Aigh i mpedance (up to 1000 YY)
A ow impedance allows for longer cables without signal loss.
Aoorly matched impedance causes loss of quality.

Arofessional microphones use low impedance XLR connections.

ANireless systems also mimic low-impedance output.

FET Impedance :
converter
~ | Term.] CZII“F

— “H_L_f._._| | —
—L : J 7 Output
ECM. | | —_—
| |
|

i &~

unit +Vg

e e
Shield Case J Term.2 ~Ground

Schematic Diagram  gL=2.2K 0
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Microphone characteristics

ASelf-noise is the internal noise generated by the microphone without a signal.

ACondenser microphones have a higher self-image than dynamic ones.
Measured |n dGClbeIS (dBA) Example, noise spectrum (FFT spectrum)

Arypical values are 71 20 dBA for studio microphones.

Level dB

A smaller self-exposure is better for capturing a quiet atmosphere.

Avicrophones for film and nature recordings require minimal self-noise.

100 1000 10000

Aynamic microphones have almost no noticeable self-noise.
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Microphone characteristics

Aynamic range is the difference between the quietest and loudest signal.

Avicrophones with a wider dynamic range convey more detail.

ACondenser microphones have a better dynamic range.

Aynamic microphones are more limited but more robust.

Awnider dynamic range is important in the studio and for acoustic instruments.
An broadcasting, it is often less important because the sound is processed.

Aor film and music, a wider range means more natural sound.
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Microphone characteristics

Arhe proximity effect is the amplification of the bass frequencies near the source.

10

Arhey are most pronounced in cardioid microphones.

AOmnidirectional microphones do not have this effect.

0dB

At can be used creatively for a warmer vocal sound.

AExcessive proximity may cloud the sound. v
At is often mitigated using pop filters and EQ. 20

Aan important factor in microphone placement.

-30

Loudspeaker - Frequency response vs. distance Loudspeaker - Level vs. distance

i
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Microphone characteristics

A inear response means faithfully transmitted sound without coloration.

AStudio microphones tend towards linearity.

Arhe color response emphasizes certain frequencies.
Aynamic microphones often amplify intermediate frequencies.
A\ colorized response may be desirable for live vocals.

A inear response is ideal for measurements and mastering.

Arhe choice depends on the application and the desired sound.
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What are polar patterns

AThe polar pattern shows which directions the microphone is receiving sound from.

Acach form has its own advantages and limitations.

At is defined in relation to the axes of the microphone (0A 90A, 180A).

AThe most common patterns are omni, cardioid, supercardioid, and figure-8.
Arhere are also specialized forms (shotgun, lobar).

An the datasheet, it is displayed as a polar diagram.

Arhe choice of pattern depends on the acoustics and the purpose of the recording.
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Omnidirectional microphone

At equally captures sound from all directions.

Adeal for capturing ambient sound.

At does not create a proximity effect.

At most naturally conveys the acoustics of space.
At cannot isolate the source from background noise.
ASuitable for use in a studio with good acoustics.

At is often used in lavalier microphones.



