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A 1 What should be achieved

Active control of room acoustics

A-1 What should be achieved

Active Acoustics differs from PA :

- listeners and performers must have impression of natural acoustics

Active Acoustics should provide acoustic variability :

reinforce direct sound (theatre conference)- reinforce direct sound (theatre, conference)

- extend time and/or level of reverberation (concert, opera)

- control of early reflections

- enhance acoustics on stage

It should be easy to use, reliable, robust to acoustic changes

enhance acoustics on stage
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A 2 Basics

Active control of room acoustics

A-2 Basics
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A 2 Basics

Active control of room acoustics

A-2 ...Basics
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A 2 Basics

Active control of room acoustics

A-2 ...Basics

GML

HLM
6 dB margin ΔRT = 1%  / channel

LM

Feedback coloration

Regenerative systems need large 
number of channels (30 to 100)( )
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A 2 Basics

Active control of room acoustics

A-2 ...Basics

Non-regenerative (In-line) systems :

- Use of directional microphone close to stage

- Use of electronic reverberation and time-variant filters

- Limited number of channels

Nota : Acoustic feedback is never negligible in practice
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A 3 Brief history

Active control of room acoustics

A-3 Brief history

1965 : Assisted Resonance

1983 : MCR Philips

ACS, SIAP, LARES, RODS, Carmen…

Still f t i t ll d d dStill very few systems installed and used :

- too much coloration, pb with reliability and robustness

- sometimes difficult for musicians to accept « electronic »

- sound technicians are confused with PA.

2006, new technologies : ASR, Constellation (VRAS)
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A 4 The ASR system

Active control of room acoustics

A-4 The ASR system

- In-Line system

E h ll d f db k i i- Echo cancellers reduce feedback increase gain per 
channel less channels reduced cost

Directional loudspeakers for direct sound reinforcement- Directional loudspeakers for direct sound reinforcement
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A 4 The ASR system

Active control of room acoustics

A-4 ...The ASR system
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A 4 The ASR system

Active control of room acoustics

A-4 ...The ASR system
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A 4 The ASR system

Active control of room acoustics

A-4 ...The ASR system
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Public Address in Large Volumes
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B 1 What should be achieved

Public Address in Large Volumes

B-1 What should be achieved

- Good speech intelligibility

- Acoustical comfort
- Even coverage of the listening area
- clear sound, large bandwidth, low THDclear sound, large bandwidth, low THD
- Adequate SPL

- For Live speech :p

- Low feedback on microphone for reduced risk of Larsen
- Good source localization of live speech

- Pleasant aesthetics

- Ease of installation and tuningg

For railway stations & airports, spaces of worship, amphitheaters, 
conference rooms, multipurpose rooms, gymnasiums, museums...
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B 2 Geometrical and Electronic line arrays

Public Address in Large Volumes

B- 2 Geometrical and Electronic line arrays

Loudspeaker arrays → Uniform SPL
Strong direct sound intelligibilityStrong direct sound intelligibility
Low visual impact

• Geometrical attenuation from Pi to Ri :
Vertical Plane : Av = sqrt(r / (r+d))
Horizontal Plane : Ah ≈ 1 / sqrt(d) 
→ A sqrt( r / (d (r+d)) )
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B 2 Geometrical arrays

Public Address in Large Volumes

Loudspeakers along the desired wave front → J shape. 

B- 2 ...Geometrical arrays

→ Cannot be mounted on a wall

Line source when using wave guides
→ almost no secondary lobes at HF.

inputAll loudspeakers receive same signal
→ good match and max SPL output.

Wave 

Need very accurate positioning
of Loudspeakers 
→ sophisticated mechanical hanging system.

front
p g g y

No flexibility on directivity tuning
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B 2 Electronic arrays

Public Address in Large Volumes

B- 2 ...Electronic arrays

Loudspeakers on vertical line (column) + delays + FIRs
Can be mo nted on a all

D1 F1 A 1

input
→ Can be mounted on a wall.

DSP → flexibility of control, 
EQ  delay  AGC  

D2 F2 A 2

d

EQ

EQ, delay, AGC, …

Directivity tends to be sym-
metrical about vertical axis 

D3 F3 A 3

D4 F4 A 4

+
delay 

+
GainSpatial sampling

metrical about vertical axis 
→ backward lobe points down. 

D5 F5 A 5

Wave
front

+ 
... 

Needs high nb of channels

Spatial sampling
→ Lobes at HF (f>c/d)

DSP
D6 F6 A 6 frontd g b o a

→ cost

Loudspeakers may not all receive same signal
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B 3 The DGRC technology

Public Address in Large Volumes

B-3 The DGRC technology

DGRC : Digital and Geometric Radiation Control

1- Determine nominal wave front D1F1 A1G1

2- Chop it in sections, and align
sections on vertical line

D2F2 A2G2

di

3- place loudspeakers on sections D3F3 A3G3

input EQ 
+ ...

i

D4F4 A4G4

4- use DSP for Gains, Delays, Filters…
1 1n−

What about diffraction at edges ?

D5F5 A5

D6F6 A6

D7F7 A7

G5

G6

G7

2nford
c
1

D
1i

in ≥⋅= ∑
=
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B 3 The DGRC technology

Public Address in Large Volumes

B-3 ...The DGRC technology

Without edges With edges

Directivity in horizontal plane (°)
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B 3 The DGRC technology

Public Address in Large Volumes

B-3 ...The DGRC technology

Advantages

• The number of DSP / amp channels is dramatically reduced
→ low cost.
E l   2 5  l  ti  120 120   6 h l

g

Example : 2,5m column, section 120x120 mm : 6 channels.

•Nb of channels doesn’t depend on nb of loudspeakers 
⇒ large nb of loudspeakers

• Orientations of loudspeakers → better HF directivity control

⇒ large nb of loudspeakers
→ clean HF restitution, reduced secondary lobes.

• Orientations of loudspeakers → better HF directivity control.

• Power evenly distributed on loudspeakers
→ good match between loudspeakers, optimised SPL max.

• Principle is applicable to line sources.

→ good match between loudspeakers, optimised SPL max.
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B 3 The DGRC technology

Public Address in Large Volumes

D1F1 A1G1

StepArray SA250P : 2,50 m

B-3 ...The DGRC technology 

D2F2 A2

av
ef

ro
ntG2

6 channels, 30 loudspeakers, 
3”, 2 g moving mass

D3F3 A3

w
a

G3

bottom is 1,0m from listening plane
(nominal).

D4F4 A4

Signal
in

G4

EQ

D5F5 A5G5

D6F6 A6G6

DSP
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B-3 ...The DGRC technology

Public Address in Large Volumes
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B-3 ...The DGRC technology 
Public Address in Large Volumes
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B 4 The StepArray range

Public Address in Large Volumes

B-4 The StepArray range

SAdrive control PC 
software

Columns SA100P, 
SA250P, SA250S, 

SA180PSA180P

UT26 processor

SSS tiSSS option

MPA6150 lifiMPA6150 amplifier
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B 4 The StepArray range

Public Address in Large Volumes

B-4 ...The StepArray range

External processing and amplification → cost effectiveness

4 x SA100P
2 x 

SA250x

Sub woofer
3 x 

MPA6160

SAdrive
Mixing 

2 x UT26

console

Audio In
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B 4 The StepArray range

Public Address in Large Volumes

B-4 ...The StepArray range

SAd i l fSAdrive control software
Directivity control
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B 4 The StepArray range

Public Address in Large Volumes

B-4 ...The StepArray range
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