GUNNESS FOCUSSING AND EAW’s NEW NT SERIES

At the NSCA show in Orlando earlier this year, Eastern Acoustic Works introduced a
new family of ultra lightweight, self-powered PA speakers that benefit from a new
Digital Signal Processing (DSP) technology respectfully named after it’s inventor
David Gunness, Director of Research and Development at EAW. Gunness Focusing™
is the most sophisticated set of DSP algorithms ever developed for loudspeaker
processing, and EAW’s new NT Series loudspeakers demonstrate how the revolutionary
approach is able to deal with such acoustical challenges as high-frequency “splashiness”
and “horn honk” to deliver a sonic performance that’s more like a studio monitor than a
horn-loaded PA speaker.

But the implications and possible uses for this revolutionary approach to loudspeaker
DSP go far beyond the NT Series loudspeakers alone. Because of this, EAW, along with
other LOUD Technologies’ brands including Mackie, are primed to leverage its
advantages into new products and markets.

This article examines how Gunness Focusing deals with long-standing loudspeaker
design challenges and elaborates on how this new technology has been incorporated into
the NT Series speakers from EAW.

PA LOUDSPEAKER REQUIREMENTS

There are three general requirements for professional PA loudspeakers. The first two of
these three are that a PA loudspeaker must get loud in order to provide the projection
needed for larger audiences, and that projection must be delivered in a well-controlled
pattern. Horn loading is generally seen as the most efficient design method of achieving
these results, and is therefore commonly used from the smallest to the largest
loudspeakers. The third, and equally important requirement for professional PA
loudspeakers is that they must provide high quality audio reproduction.

Compact loudspeakers, usually 2-way designs, are the most common configuration
because events with smaller audiences are the most frequently encountered among PA
applications. These applications can be both portable and permanent—ranging from
outdoor gatherings and concerts, corporate events, meetings, and regional tours; to clubs,
theaters, smaller houses of worship, auditoriums, and hotel ballrooms.

Professional 2-way loudspeakers are normally designed with a horn-loaded, HF
compression driver and horn mated to a direct radiating, LF cone driver. However,
achieving the output and projection pattern goals has always come at a heavy price in
reproduction quality. This is because even well designed horn/driver combinations face
inherent sonic challenges typically described by listeners as “honk’” and “splashiness”.

Horn honk is normally heard in the lower frequencies of a horn’s bandpass. Splashiness
is heard at the highest frequencies, and obscures the fine detail in instruments such as
cymbals. Likewise, cone drivers have inherent resonances in their upper frequency range



that results in muddiness in the middle of the vocal range. These HF and LF behaviors
combine to produce a sonic signature appropriately referred to as coloration.

So, the long sought-after balance of truly accurate and high-quality audio reproduction at
PA output levels has, until now, been unattainable. This tradeoff may soon be a thing of
the past, however, thanks to the development of Gunness Focusing and the introduction
of the EAW NT Series.

A NEW SERIES OF PA LOUDSPEAKERS

While poor transient response and coloration are a ubiquitous plague for any high output
PA loudspeaker, the EAW Engineering team suspected there was a cure. The overall goal
of the project was to develop a loudspeaker that was able to provide reproduction quality
equal to the best direct radiating, near-field studio monitors, while producing output
levels equal to or exceeding that of traditional PA loudspeakers.

It was decided early in the R&D process that such a cure would be initially applied to a
compact series of self-powered PA loudspeakers. If success was achieved, the technology
could then be easily applied to almost any loudspeaker design. This new series of 2-way
loudspeakers would obviously need to posses the output capabilities, reliability, and
portability required for serious professional use. But, their similarity to most existing
loudspeaker designs would stop there.

Of course, as we have already indicated, these sonic objectives could only be achieved if
the EAW Engineers were able to significantly reduce the inherent horn and driver
problems that cause honkiness, splashiness, colorations, and poor transient response.
Before we explain the details of how EAW’s Gunness Focusing addresses these
problems, it helps to better understand the individual conditions that create them.

THE HF PROBLEMS

Splashiness is produced by compression driver phase plugs. Phase plug openings are
arranged so that the path from any point on the driver’s diaphragm to an opening is
relatively short. The intent is that all of the driver’s sound power leaves via the “nearest
exit” in the phase plug. However, some fraction of the sound arriving at any particular
phase plug opening will continue past and arrive at a second opening where this sound is
divided again, ad infinitum. Thus, rather than a single acoustical impulse, transient
energy leaves the phase plug and reaches the listener as a decaying sequence of impulses.
The decaying impulses from one signal invariably overlap and mask details in subsequent
HF signals. The result is the masking of transient attacks and the lack of high frequency
detail and subtleties normally, cleanly reproduced by direct radiating, but low output, HF
drivers.

Horn honk is better defined as horn resonance. When a wavefront encounters a
discontinuity along a horn’s expanding walls, a sound reflection is produced. All horns
have such a discontinuity at their mouths. Likewise, diffraction slots, used to achieve
wide HF patterns in constant directivity horns, present a severe discontinuity at their
exits. These discontinuities cause a portion of the sound energy to be reflected back to the



compression driver where it is both partially absorbed and partially re-emitted, often
several milliseconds late. For a transient signal, this repetitious process results in a
resonance that produces a decaying sequence of impulses at the listener rather than a
well-defined impulse. Because low frequencies tend to be reflected more strongly than
high frequencies, the most problematic reflections are in the lowest octaves of the horn’s
usable range. The excess energy from these reflections builds up and results in distinct
colorations at frequencies related to the path length of the reflections.

THE LF PROBLEMS

In a compact, 2-way loudspeaker, physical limitations result in an HF horn size that
virtually dictates the crossover frequency be set above the LF driver’s optimum upper
frequency limit. This problem is especially troublesome with 15-inch LF drivers because
their usable frequency upper limits are at even lower frequencies than typical 12-inch
drivers. The result is that the LF driver must reproduce frequencies where its transient
response is sloppy, and its sonic character is muddy. The crispness of the horn-loaded HF
system only accentuates this character.

A major source of the LF driver problems is the physical vibrations that travel from the
voice coil through the cone material to the edge surround. Here they are only partially
absorbed, meaning a portion of their energy is reflected back through the cone to the
voice coil. Some of this energy is then reflected back up through the cone. This
repetitious process results in resonances. Unlike a horn, these reflections tend to be
strongest at the upper end of the woofer’s usable range.

CURING THE ANOMALIES

The primary tool available for dealing with loudspeaker anomalies is DSP (digital signal
processing). However, it is generally assumed that certain loudspeaker problems cannot
be corrected using DSP—or that that correction would mean unacceptable compromises
in other key performance areas. These assumptions are based on the use of the standard
digital processing algorithms found in virtually all digital processors; and on their usual
method of application.

Understanding why traditional DSP implementations have been unsuccessful is key in
understanding how EAW’s approach is different. The usual method for employing DSP
begins with the measurement of a loudspeaker’s frequency response. This response is
then inverted to generate a complementary “preconditioning” set of filters. These filters
should theoretically correct the performance anomalies in question. The problem is that
the measured response includes two kinds of anomalous behaviors. The first are linear,
time invariant, and spatially consistent anomalies, meaning behaviors that don’t vary with
the loudspeaker’s operating conditions or the ambient environment. These are correctable
behaviors. The second are nonlinear, time variant, and spatially variant anomalies,
meaning behaviors that vary with the loudspeaker’s operating conditions or the ambient
environment. These are uncorrectable behaviors.

Because both types of behaviors are lumped together in the measured response, the
preconditioning filters end up including filtering for the uncorrectable anomalies. This



condition actually makes the response worse in some directions and at output levels that
differ from the original measured response. To further complicate matters, certain of
these behaviors can permanently change with use. This means such filtering would not
only cease to be helpful over time, but likely detrimental to reproduction accuracy. As a
result, DSP has not provided the illusive cures for very specific and quite obvious
anomalies that include honk, splashiness, and cone resonances.

ENGINEERING TACTICS

The search for a solution began with the development of a proprietary, software-based,
spectrograph for the acoustical analysis. This spectrograph, along with other analysis
tools, was used to investigate the unprocessed responses of the loudspeakers’ HF and LF
subsystems in various directions and at various levels. This analysis allowed various
performance anomalies to be isolated from each other. In this way, those anomalies that
were linear, time invariant, spatially consistent, and therefore correctable, could be
distinguished from anomalies without those characteristics, and which were therefore not
correctable.

The next step was to apply appropriate DSP to correct those anomalies to which they
would be applied. Another analysis was performed on the standard, universally used DSP
algorithms. This test proved that these standard algorithms simply did not produce filters
with response shapes, temporal behaviors, or resolutions with anywhere near the required
precisions or accuracies necessary to correct those anomalies to which they were being
applied. To solve this dilemma, EAW undertook development of custom and quite
revolutionary DSP algorithms specifically engineered to provide the required filters for
correcting loudspeaker anomalies. The resulting filters had to possess the required
precision and accuracy in both the frequency and time domain. At the same time, any
uncorrectable anomalies would have to be ignored by the filters.

This advanced processing was eventually named Gunness Focusing. However, Gunness
Focusing cannot be applied “as is” to just any loudspeaker, let alone be something that
even the most astute of users can set up. The anomalies and resonance problems it cures
are very specific to each loudspeaker design. Thus, the internal physical details must be
known, the anomalies must be carefully analyzed, and appropriate filters must be custom
designed.

THE DSP HARDWARE

The final step in the NT Series’ development involved the capabilities of EAW’s sister
company, Acuma Labs. Acuma designed a custom DSP and microprocessor hardware
platform able to implement Gunness Focusing along with the requisite driver protection
and analog-to-digital conversion. In addition, this module has specialized memory
capabilities where the different signal processing set-ups for all NT models are stored.
This means any NT electronic assembly can be quickly and easily configured for use with
any NT model using on-board, dip switches. This is a huge benefit for quick and easy
field service.



THE TECHNOLOGY IN PRACTICE

With Gunness Focusing technology applied to the inherent HF and LF anomalies, NT
loudspeakers provide a pristine, transient response and lack of coloration equal to that of
world-class, direct radiating studio monitors. The “loud” requirement is met by
incorporating the highest efficiency amplifiers available to provide huge amounts of
power and superb audio quality.

But, EAW engineers didn’t stop there. The final ingredients in the NT Series’ recipe are
aimed at the loudspeakers intended portable applications. This meant addressing issues of
weight, reliability, and physical robustness to create portable powered loudspeakers that
actually weigh less than many similarly sized, un-powered loudspeakers.

To this end, Orbital Magnet Arrays™ were designed for the drivers’ magnetic structures
to significantly improve their output to weight ratio. The choice of amplification involved
as much about the extreme weight requirements as it did about sound quality and
reliability. The required enclosure strength and acoustical qualities dictated EAW’s usual,
multi-ply, Baltic birch construction. However, several ways were discovered to remove
unnecessary enclosure weight.

The result of this engineering effort is the NT Series. These loudspeakers provide a
combination of sonic performance, output capabilities, reliability, and portability superior
to that of any other compact, 2-way PA loudspeakers. While integral to the NT Series
loudspeakers, EAW’s Gunness Focusing can also be implemented in a stand-alone,
digital processor with the appropriate hardware design. This means EAW can and will
continue to leverage Gunness Focusing into existing and new products appropriate for a
wide variety of configurations and applications.



