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Lecture Summary — Cancellation (Steering)
Chapter 10

o cancellation effects

Cancellation effects: Polarity and delay
2 units: Matched polarity 2 units: 1 reverse polarity 2 units: 1 @ 8 ms delay

All fraquencies move forward All frequencies move sideways 31 Hz (90°) moves to upper right
coverage falls with frequency 63 Hz (180°) matches the reversal
1/2athoctave, 20 x 40m | X = crossover 125 Hz (360°) matches normal

e coverage shape and angle

Coverage shape vs angle: The myth of the omnidirectional subwoofer

A single subwoofer: All frequencies would be rated at 360° by the protractor method (no ~6dE is found)
Do they look the same te you?

Forward aspect ratio = 55 (3457 Forward aspect retio = &2 (3307 Forward aspect ratio = 72 (270°)
Aspect ratio (including the rear) = 1 Aspaect ratio (including the rear) = 1.08 Aspect ratio (Including the rear) = 1 22
Omnidirectional Mearly omnidirectional MOT emnidirectional

These differences will multiply when these elements are combined into highly everlapped arrays
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e quantity effects — “steering” (more like focusing) a coupled line source arrays of subs

Steering effects: Quantity
4 units @ 0.8 m spacing 8 units @ 0.8 m spacing

ol

16 units @ 0.8 m spacing

______

N 125H: |

16 units = 60° @ 31 Hz
8 units = 60° @ 63 Hz

1/24th octave, 20 x 40m | 4 units = 60° @ 125 Hz

Response narrows with frequency Response narrows with quantity

e spacing effects — “steering” (more like focusing) a coupled line source arrays of subs

Steering effects: Quantity

16 units @ 0.8 m spacing 8 units @ 1.6 m spacing 4 units @ 3.2 m spacing

Coverage narrows with frequency

1/24th octave, 20 x 40m |

4 units = 60° @ 125 Hz
8 units =60° @ 63 Hz
16 units = 60° @ 31 Hz

Coverage held constant as quantity
falls and displacement rises to keep
a constant line length
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e radial effects — “steering” a coupled point source sub array (but...the beamwidth of the
subwoofer array rarely needs to be made wider!)

Radial steering: Coupled point source subwoofer array
8 x 5° (40° total) @ O ms B x 7.5° (B0° total) @ 0 ms B x 107 (80° total) @ 0 ms

17.5%12.5°7.5%2.5° 26.25°18.75%,11.26°.3.75° 35°.25° 15° 8°
{from canter) {from center) {from center)

8 subwoofars at 1.4m ficed spacing, 1 octave, B0 x 160 meters

* cardioid subwoofer arrays

reduce stage leakage (=20 dB front/back ratio)
rear/side control reduces early house reflections
steering reduces horizontal coverage in addition to rear coverage
price is efficiency loss (reduced maximum SPL), compared with all subwoofers in phase
acting as a block
extra space/special rigging required
not always applicable (no need to cancel rear if speakers are against a wall)
potential compromise in transient response (“tightness”)
two cardioid configurations are in common use
* end-fire (front-steered)
* gradient (rear-steered)
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e forward steering
0 end-fire cardioid subwoofer array

Forward steering: standard end-fire cardioid subwoofer array

Element configuration and delay times

Phase angles behind Phase angles in front

. 31.5Hz| 63Hz | 125Hz
EE > i > ie——> (32ms) | (18ms) | (8ms)

(—m——);g -—)s'.s —_— aj7'—> 1987 (1)+32°
“«— 58 (—m—)s.s e, B el o8° 198°  (1)+32°
1] cae— B.7<—m—>&.7 L o8° 198°  (1)+32°
=17 ] = 11‘6(——m—> 98° 198°  (1)+32°

31.5Hz| 63 Hz | 125 Hz
(32ms) | (16ms) | (Bms)

1 octave, 40 x 80 m (configuration courtesy of Mauricio Ramirez)

O log-staggered end-fire cardioid subwoofer array

[ Forward steering: Log staggered end-fire cardioid subwoofer array

Element configuration and delay times

Phase angles behind Phase anglesin front

1.0m

IS1.5 Hz | 63Hz | 125Hz 1.4m 31.5Hz| 63Hz | 125 Hz

(32ms) | (16ms) | (8ms) (32ms) | (16ms) | (8ms)

0.85m :

(—m-—bz:A — 5?3 e 9..4—)" 08° 213°  (1)+64°
«— 48 <—m—>5.3 — ] G 213 (1)464°
sz | 239° |(1)+11s';| <« 10.6€— a.z(—m—)sm — 106° 213°  (1)+64°

212°  (1)+63° 4 86— 16.4€— 13,5(—m—) 213° | (1)+84°

31.5 Hz i 63 Hz
1 octave, 40 x 80 m (configuration courtesy of Mitchell Hart)

O (compact) gradient in-line cardioid subwoofer array

Forward steering: 2-Element compact cardioid subwoofer array

Element configurationand delay times

Phase angles behind Phase angles in front
Back [ - A

31.5Hz | 63Hz | 125 Hz T 315Hz| 63Hz | 125Hz
P 085m
e o

(32ms) | (16ms) | (8Bms) (32 ms) | (16ms) | (Bms)
+ +

Speaker B is delayed and polarity reversed | Phase offset
178° 180° 180°

1 octave, 40 x 80 m (configuration courtesy of Mauricio Ramirez)

© 2020 by D. G. Meyer
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0 gradient inverted stack cardioid subwoofer array

© 2020 by D. G. Meyer

Phase angles behind

(—--—----;

LY
<——-ﬂ—-} |
180 (1
LY

Phase offeat

Mota: Actual delay
setting dapands upon
the wraparound speaker
paths and must be field
verified

Speakar B is aimed raarwa

8 units (A-B-A-0-B-A) | octave, 40 x B0 meters

Cardioid subwoofer array: Gradient inverted stack

Wrapa’nund’h
MEHz| B3Hz | 125 Hz path "\ 315Mz | BIHz | 126 Hz
(32ma) | (16ms) | (Bma) ,"’ "‘ (32 mg) | (16ms) | (Bms)

LY
\,p’

Phase angles in frant

--')‘I 2Rge @(1}1:@*'
o 7 7

Phasa offse
256" (1)-126"

rd, delayed and polarity reversed

2 wide, 4 element end-fire array outdoors
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e lateral steering of line source sub array

Lateral steering: subwoofer array delay tapering
8x0°@0ms 8 x 0° log delay taper 0—-4 ms 8 x 0° log delay taper 0-8 ms

g e EEE g pmeeg EEA gm peem

i

Lt N

0,0,0,0,0,0,0,0ms 0,05,071.0,14,2.0,2840ms | 0,1.0,1.4,20,238,4.0,56,8.0ms

8 subwoofers at 1.4 m fixed spacing, 1 octave, 80 x 160 m

e delay (beam) steering — not a “new idea”... (discussion in text limited to subwoofer arrays)

The angle 6, the angle by which the wavefront is shifted by the delay
system, is given by
6= sin1 7% 2.26
where d = distance between the units, in centimeters,
Phase shifting can be used in many other ways besides beam tilting. For

example, practically any wavefront shape can be obtained by introducing
the appropriate phase shift in the sound sources.

Radiation from a sphere - (simple source) “ "
Note: Only works “well” when

elements approximate “point”

sources (“non-point-source”

Souwn | behavior of elements leads to
generation of grating lobes)

* i.e., the radius varies with time
(all examples assume sinusoidal variation)
« Radiation is omni-directional

= “Theorctical” sphere useful for demonstration DEL &Y
= In practice, simple sources don’t exist UNITS
INPUT

Fic. 2.5. A delay system for tilting the direc-
tional characteristic of a line of sound sources.
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problem of back lobes (Ref: DSP Beam Steering with Modern Line Arrays, Meyer Sound White
Paper) — the back lobes get “steered down” too (but that assumes a certain degree of “silliness”

in wanting to “fly” an array like this!)

Sound Field

X
Sound Field

Amplilude

Tilting the cone up to look underneath...
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problem of grating lobes

o

I
AN
{ A

E .f; \

6 elements, 0.4 mm pitch

Sound Reinforcement System Design
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3Ime, 1 m pitc

© 2020 by D. G. Meyer

Grating lobes are caused by the non-point
source behavior of elements. Grating lobes
will occur whenever the size of individual
elements in an array is equal to or greater
than the wavelength, and there will be no
grating lobes when element size is smaller
than half a wavelength. (For element sizes
between one-half and one wavelength, the
generation of grating lobes will depend on
the steering angle.)

The amplitude of grating lobes is significantly affected by pitch size (element-to-element
spacing), the number of elements, frequency, and bandwidth.
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application: electronically steered arrays
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MidHi Freq Array

Short-Throw
MidHi Fraq Arra

-Throw
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¢ Renkus-Heinz ICONYX

BeamWare lets you program array coverage and (e - R ———
shape it to the audience before you load the e ——
truck BeamWare 2 - Complex mathematical
calculations behind an intuitive GUI
= N L B Passive Column tilted down lconyx Column steered down

ICONYX - Adjustable (Movable) Acoustic Center

ICONYX - Multiple Adjustable (Movable) Acoustic Centers

10
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e Meyer (no relation) Sound Steerable CAL Column Array Loudspeaker

e "CAL is a digitally steerable column array product in which all high-frequency and low-
frequency drivers are tight-packed in a bi-amped configuration and are individually
amplified and processed.”

o

~

Features & Benefits

« Variable vertical coverage from 5° to 30°

e 60° of vertical beam steering, +30° *

= Custom-built drivers and tweeters designed and optimized for beam steering

= Every driver and tweeter has dedicated amplifier channel and processing

= The best algorithms utilized based on years of research into sound field synthesis

« Low profile, discreet aesthetics, custom colors and weather protection

= AVnu Alliance certification ensures seamless interoperability with other certified AVB devices

Input Sattings Bearn Control Processing Freset Library Rear Pane!

Beam Stearing Upper Beam

- ly Ta
Angle: —11* = gle: Acive Friset Siot
I Spread: 10° o

Raver

Modified

For these settings to take effect, press Apply to Active Preset Siot.

Faset View

The Beam Control tab displays CAL's
which can be altered by

can also be configured on the Be

11

draggi
b (CAL 64 and CAL 98 only).




