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TECHNICAL CONTRIBUTIONS

Chameleon subwoofer arrays in live sound

Adam Hill and Malcolm Hawkesford.

Introduction

A high quality sound system should provide consistent coverage over
the entire audience area while at the same time keeping the sound
pressure level on stage to a minimum in order to provide musicians,
technicians and production staff with a reasonable working
environment. These requirements have predominantly been met with
recent advancements in line array technology, where horizontal
coverage patterns of 90° or 120° are easily achievable, minimising
sound wraparound to the stage. Coverage patterns in the subwoofer
operating range (generally below |00Hz), however, are more difficult
to control using simple ‘one size fits all' system configurations.

Historically, industry-standard subwoofers have operated as roughly
omnidirectional sources, radiating energy equally in all directions. In
recent years, a handful of companies have introduced cardioid or
supercardioid pattern subwoofers which can help to limit low
frequency energy on stage, depending on the system configuration. In
addition to this, system technicians have long used the technique of
rotating every other or every third subwoofer in vertical stacks 180°
to achieve an approximate cardioid radiation pattern.

Conventional subwoofer systems suffer from a number of constraints
which can differ from venue to venue, including placement issues,
rigging capabilities, sightlines, truck space and, of course, budget. These
drawbacks, which will be discussed in the following section, can
severely diminish a system’s capability to meet the low-frequency
coverage and rejection criteria[|]. With this in mind, it is proposed
that an adaptation of an emerging technology for small-room

low-frequency control, termed a chameleon subwoofer array[2]
(CSA), can circumvent these practical issues and easily achieve venue-
specific coverage patterns that should benefit both the audience and
stage areas.

Conventional subwoofer system issues are explored in this article,
with relevant simulation results emphasising key points, followed by a
discussion of common techniques for low-frequency coverage pattern
control. Next, chameleon subwoofer array correction theory is
presented in the context of small room applications and then the live
sound adaptation is explained with emphasis on incorporating the
system into existing industry-standard hardware. Simulations of large-
scale concert venues utilising this low-frequency control approach are
presented, highlighting the potential advantages of CSA technology in
live sound.

Conventional subwoofer system issues

Units within a live sound subwoofer system can theoretically be placed
and configured to achieve the desired coverage pattern. Unfortunately,
there is a long list of constraints that usually prevent this, primarily
stemming from production, venue and time restrictions, all of which
will be discussed in the following.

Subwoofer placement

Disregarding production or venue constraints, simple subwoofer
placement can be critical to define the overall coverage pattern.
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1 6-unit cardioid left/right subwoofer system with system layout (a) and
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simulated coverage patterns at (b) 40Hz and (c) 90Hz
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