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Introduction

In the Sound Reinforcement world in recent years, a
great deal has been said and written about vertical
line arrays. All manufacturers, from the smallest to
the largest, have brought out in a more or less
efficient and objective manner these particular sound
systems, each trying to influence listeners or readers
as to how his construction choices were the right
ones.

The proliferation of "comments" certainly informed
members of the public, educating them on this particular
issue, and avoided people like myself (among the last to
talk about them) having to dedicate endless pages to a
detailed description of the theory behind vertical line
arrays. This also eliminated any temptation | might have
had to criticize other manufacturers’ products, because a
lot of others have already done so in the “comments”
circulating in the audio community for some time.

On the contrary, I'll offer as examples the products
of some manufacturers, dedicating some space to
them, because their particular products in this field
give indispensable help in understanding the work
and results achieved by Outline, described in this
publication. A great deal of what is written in this
white paper is taken directly from the text and
designs contained in some patents for the “Butterfly”
system, applied for in 2002.

Preliminary remarks

Before Christian Heil (Ref.1), “Vertical Line Array”
was simply the definition used to appropriately
describe a particular type of enclosure: a speaker
column. An enclosure still used today several
decades after its demise, for the speech reproduction
in reverberant environments and all those places in
which it's necessary to project speech over a
considerable distance with good intelligibility.

To date, these columns haven’t undergone any
further technical development to make them suitable
for wider more demanding use, such as the wide
range reproduction of the whole audio spectrum in
the pro audio reinforcement field.

The reason for this and its intrinsic characteristics,
which made it and still makes it an enclosure able to
reproduce with a virtual dispersion of a cylindrical
nature, with an adequate sound level and quality, a
rather small portion of the audio spectrum, i.e. the
frequency range normally described as “Vocal or
Telephone Band”.

Fig.1 Fxampla of spharical wavefront w'th a &ingle sound soures
and rcircular sound wavefront with a vertical spsaker colamn.

Fig. 1B Spherical
wavefront diagram

Fig. 1 Cylindrical
wavefront ciagram

Fig. 1A Vertical
specker column

This is also the case with the “columns” called
“Intellivox™ designed during recent years by Duran
Audio (Ref.2), for which a sophisticated DPS
controller was implemented enabling to achieve very
high directivity values on the vertical plane, even if
in a narrow band of the audio spectrum,
nevertheless more than sufficient for solving speech
intelligibility problems in environments with high
reverb levels.

Going back to the field which interests us, in spite of
all his denigrators and the sceptics who attacked him
in every way, everybody has to attribute to Heil, the
inventor of the V-DOSC, the rediscovery and modern
profitable application from the acoustic point of view,
of the principles which are at the basis of vertical line
arrays, thanks to which they can be used in wide-
range applications, in sound reinforcement in general
and in particular in the high performance high quality
market.
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Nowadays, the term vertical line array is used to
describe a particular sound reproduction system, which
has nothing to do with the classic vocal speaker column,
apart from construction similarities, which consist the
column’s use of a number of normally small
loudspeakers, mounted alongside and one above each
other and, in the case of the modern line array, the use
of a number of complete enclosures, also mounted
alongside and one above each other and able to
reproduce the entire audio band or, more generally
speaking, a very wide part of it (normally without the
low frequencies).

In this configuration, the system has a virtual
“cylindrical” acoustic emission caused by the effect of
the vertical coupling of the multi-way enclosure
elements forming the array.

In fact, the use of several channels, with each
loudspeaker dedicated to a specific audio range, for
the construction of vertical line arrays isn't a idea
recently introduced by Heil, but had already been
experimented and used for many years in various
models of speaker columns.

One good example is described in Ref.3

Merit therefore shouldn't go to Heil for having
introduced the use of multi-way systems forming
vertical sound line arrays, but rather the fact of
having clearly described and demonstrated the
criteria that govern these configurations, arriving at
the formulation of a complete theory, based on the
similarities between acoustics and optics with
reference to the Fresnel and Fraunhofer diffraction.
(Ref.4 and 5).

This is the acknowledgment that the international
audio community must rightly and objectively give
Heil and this, at the same time, is the contribution of
knowledge he made to this sector and can now be
used by everybody.

In fact, like others in the past, such as Olson and
Beranek, to mention the most famous (Ref. 6 and 7),
his work once again clarifies how difficult or
impossible it is, using orthodox methods, to build a
vertical line array which works well over the entire
audio band, up to high frequencies of the order of
15/20 kHz.

Flg. 2 Schematic sequence of the wavefront of a vertical speaker column
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Flg 2A Dimenslonal example / Fa2c 0920

of the speaker column Fig 2B

So didnt Heil’s work give anything new, just a
better knowledge of what was the state of the
art?

From the point of view of theory, there’s certainly
nothing new that (even if in a different less stylish
way perhaps) hadn’t already been explained fifty
years ago in the books quoted.

From the point of view of practical realizations
however, Heil introduced a new element, for which
he deposited the patent in France in far-off 1988 and
later in Europe and America (Ref. 8), the importance
of which was such as to relaunch the “vertical line
array" as a highly effective constructive solution for
professional high-powered enclosures; the same one
that had been abandoned after the first attempts
many year before in the pro audio world and limited,
as we've seen, to a more restricted use in the
aforementioned speaker columns.

The new element is a special wave guide - the
"DOSC wave guide”, which resolves a problem
which up until then had been insurmountable, of
obtaining from a high frequency loudspeaker a high
sound level emission, suited to building vertical
sound columns for use at concerts and in general for
sound reinforcement in large areas”.

Before describing Heil’s invention and its peculiarity,
it's necessary to outline, at least briefly (the books
mentioned can be consulted for the details), the
most important features of a line array, worthy of
being defined as such with reference to the elements
that form it.

Vertical Line Arrays work

Since vertical line arrays for sound reinforcement are
formed by a certain number of elements/enclosures
assembled one above the other but operating
individually, it's clear that the operation of a system
like that is closely linked with the acoustic coupling
achieved between all the elements with reference to
the audio range to be reproduced.

In short, one can talk of acoustic coupling when the
emission of the elements forming the line array
(comparable to the emission typical of point sources,
with reference to the highest frequency to be
reproduced) interact, summing the energy emitted
individually.

In order for this to occur, which is at the basis of the
system’s efficient operation, two fundamental criteria
must be respected (Heil cites three more, which in
this context it's superfluous to mention and of which,
those of you who wish can easily find the description
in his publications):

a) The surface occupied by the active sources
forming the array elements mustnt be less
than 80% of the total surface of the array.

b) The sources must therefore be closely
coupled and separated by a distance of no more
than half a wavelength referred to the highest
frequency they have to reproduce.

These two requisites, if satisfied simultaneously,
mean that a certain number of sources (comparable
with the point sources at the frequencies they have
to reproduce) generate in the coupling plane a sound
wave similar or equal to the planar wave, as happens
in a sound source which is effectively planar with the
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same dimensions, a fundamental condition for
obtaining a virtually cylindrical wavefront.

When the second of these condition cant be
achieved for geometrical reasons illustrated further
ahead, as it's impossible to obtain the necessary
coupling which makes the group of emissions
comparable with the emission of a planar wave
source, at least among the emission of the single
elements forming the array, it’s necessary that no
destructive interference is generated in the band of
frequencies for which the aforementioned coupling
couldn’t be achieved.

If the requisites listed so far are easily achieved for
low frequencies, it's more difficult for mid
frequencies, to avoid destructive interference at
1000Hz, for example (1/2 wavelength =
approximately 17cm.), this would imply the use of
sources that don’t exceed the dimensions of 17cm (a
6.5” speaker), with all the results in terms of poor
efficiency.

Then, for frequencies above 1000Hz, the dimensions
of the sources must gradually diminish to values that
are only theoretical and materially impossible to
achieve with real sources such as loudspeakers.

Vertical line arrays’ weak point

It can be seen from all this that the formation of a
vertical line array has its weakest point in the “high
frequencies” or rather in how the active component,
loudspeaker or other item that has to reproduce
them is made and used.

In fact, for example, to reproduce frequencies up to
10000Hz (1/2 wavelength = 1.7 cm), sources that
don’t physically exceed this dimension would have to
be coupled closely.

Even supposing that such small loudspeakers
(magnetic circuitry included) can be built, it's easy to
imagine that it would be a waste of time, due to the
practically non-existent efficiency of loudspeakers of
that type.

Creating vertical line arrays that operate well at high
frequencies therefore becomes a practically
insurmountable physical question if one wants to use
traditional loudspeakers such as for example cone or
dome units.

Refer again to Fig. 2A, 2B, 2C, 2D.

And also all kinds of horns are by their very nature
flared ducts whose sides are divergent according to
the required sound dispersion, and whose mouth
surface dimensions aren’t negligible as they're suited
to the lowest frequency that has to pass through
them.

This means that even reducing the distance between
the horns, the emission centres (the throats) can still
be a considerable distance apart, so for all these
reasons can’t be built with dimensions and type of
dispersion more suited to forming a line array
operating correctly according to the requisites listed.

Flg 3 Diagram cof the geametry and wavefront of a vertical line array
with high Frequencias reproduced By homs

iy

Fig 3B Schematic
ilustration of the
wavefiront highlighting
the inteference cause
ey the hotms’ closeneass
to each other
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Fig 3A Dimensignal
example of the line ar-ay

Flat diaphragm
vertical line arrays

loudspeakers in

If however one decides to use loudspeaker that are
slightly less traditional, such as those with a flat
diaphragm, in one of the versions manufactured
today (electrostatic, isodynamic, etc.), it wouldn't be
difficult to obtain correct behaviour even at high
frequencies.

In fact, it's easy to imagine how the behaviour of
these loudspeakers, with reference to their sound
emission, is the best that could be imagined for
forming a line of vertical sound emission. In fact,
these loudspeakers, being made up of flat
diaphragms that move in phase with all the
frequencies they reproduce, are comparable to small
line array, and the installation of one small line array
on another small line array can only result in the
formation of a higher line array with emission of
planar sound waves on the coupling plane.
Unfortunately, due to the current state of this
technique, their intrinsic construction means that this
type of loudspeaker doesn’t have sufficient power
handling capacity for the high sound pressure levels
required from pro line arrays able to cover large
areas as far as both width and depth are concerned.
For this reason theyre not widely used, and can
generally only be seen in models with lower
performance.

Fig. 4

Design of a flat diaphragm loLdspeaker and 2 diagram of its
cylindrical wavefront, which enables this type of unit to be
coupled vertically without desructive interferance

[1

Fig. 4A
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Compression drivers in vertical line
arrays

So, what can be used to reproduce high frequencies
that meets the necessary requisites?

Since the most important requisite, as has been
seen, is the capacity to reproduce sound pressure, of
all today’s known components the most efficient and
that which is most suited to obtaining it are
compression driver. However, like other traditional
loudspeakers, it doesn’t have negligible dimensions,
or sound emission comparable with that of a
rectangular flat diaphragm.

Therefore, many manufacturers tried their skill at
making special wave guides or particular acoustic
adaptors that enabled the easily available
compression drivers in multiples to reproduce the
high frequencies in line array systems.

Flg. 5 Example of use of multiple compression drivers w.th horns or wave guldes
coupled to minimize dastructive inerferance 0 vergical line arrays
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But as can be easily deduced from the schematic
examples on these pages, apart from the more or
less good acoustic results obtained, no device
inspired by them fully achieves what is required by
the line array theory: sound emission by a
rectangular flat diaphragm. The simplest most
efficient solution for generating planar waves.

Is the “"DOSC" wave guide the only
possible solution?

The techniques illustrated up to now or similar ones
simply enable to reduce the effect of interference
that occurs between the elements, taking them to
the highest possible frequencies their physical
dimensions will allow.

Heil's wave guide on the other hand offers an
innovative valid way of achieving the aim described:

"Simulating the behaviour of a rectangular flat
diaphragm using a classic compression driver”

The system foresees a wave guide that receives the
compression driver’s emission via a “phasing plug”
element, which in turn creates with the sides of the
wave guide a narrow circular duct at the throat plane
where the sound is emitted, transforming it gradually
into a rectangular annular duct finishing in the sound
output slot.

This emission slot can in turn become the throat of a
further coupled horn or wave guide, in order to
control dispersion on the horizontal plane.

The aim of the “phasing plug” is to get the emission
of every point of the circular throat plane of the
driver to reach the new rectangular throat plane at
the end of the wave guide, the diffraction slot,
covering the same distance, in such as way as to
reproduce the same planar wave found at the throat
of a compression driver in rectangular rather than
circular form.

The dimensions of the annular duct are very small
and therefore avoid creating destructive interference
due to internal reflections between the walls of the
wave guide and the “phasing plug”. Fig. 6A, 6B, 6C
and 6D schematize Heil's innovation. It's obvious
that this element simulates the cylindrical wavefront
of a rectangular flat diaphragm very closely.

In particular, Fig. 6A shows a horizontal cross
section of a driver with phasing plug; Fig. 6B shows
a vertical section of the same driver with phasing
plus; Fig. 6C is an axonometric view showing the
driver with phasing plug with the output slot coupled
to a front horn or wave guide; Fig. 6D is the
diagram of two units with phasing plug aligned one
above the other to give a cylindrical wavefront.

It seems clear that Heil’'s system is geometrically
exemplary and essentially correct for achieving the
result, compared to those less correct ones based on
coupling various wave guides, horns, etc. And in
fact, the performance of this system, in my opinion
is at the basis of the success achieved by the product
on which it’s used.

Fig. § Schematic illustration of Heil's imlvention, able to perfectly
simulate a flat diaphragm's cyiindrical wavefront

Fig. 6B Vertical ooss-section
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Fig. 6C Axonometric view
cf a unit with sound cutput
slot coupled with a horn

e wave guide

Fig. 60 Diagram of two units mounted
one above the ather in & line array with
a cylindrical wavefront

Other valid solutions?
The Reflective Wave Guide

Only recently, a new solution was found. After
several years during which there was firstly
confusion in the pro audio sound reinforcement
market on behalf of the majority of the world’s
manufacturers regarding the use of line arrays and
later their mobilisation in the search for new more or
less valid products to be put on the market, following
up on the success that Heil’s products continued to
have year after year.
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Perhaps this new solution isn't as totally
irreprehensible from a geometrical point of view as
Heil’s invention, but anyway in my opinion it's more
valid than the others that have been put forward up
until now since, based on a completely different
principle, it enables to realize a high frequency
section which performs very similarly to a source
with a rectangular flat diaphragm, which | wish to
repeat, is the solution most suited to use in a vertical
line array.

In fact, if one looks closely, the solution found allows
the formation of sound emission not only for planar
waves, but also convergent and divergent waves
according to construction needs.

At this point, I'd like to state that this innovation was
the almost simultaneous subject, unbeknown to its
inventors, of two patent applications, both valid for
patent law, as the most recent was presented before
the publication of the previous one, during the so-
called latency period which, unless expressly
requested by the inventor, normally lasts for 18
months.

One application is Italian, N° BS2001A000073
dated 03/10/2001, deposited by Outline, which |
represent, the other is the French N°001149 of
08/09/2000, deposited by Eric Vincenot and
Francois Deffarges, two names that don't require any
introduction.

The operating principle of this wave guide, which can
generally be defined as “reflective”, suited to be used
to advantage not only in vertical line arrays, is
schematized respectively in the group of diagrams
from 7A to 7E, as far as the designs illustrating the
application for an Italian patent are concerned,

Fig. 7A Diagram of reflection by a flat surface, seen from
above and in cross-section

Fig. 7B Diagram of reflection by a pamebolic surface before the second
throat plane, seen from above and In cross-section

Fig. 7C Dlagram of reflactlon by a parabolic surface after the sacond
throat plane, seen from above and in cross-section

Fig. 70 Diagram of reflection by a hyperbolic surface, seen from
above and in cross-section

Fig. 7E Diagram of reflection by an elliptical surface, seen from
above and in cross-section

in the Fig. 8 group, as far as the designs illustrating
the French patent application are concerned,

Fig. 8A Dlagram of a wave gulde with real and theoretlcal
perabolic reflecting surfaces

Fig. 88 Dlagram of a wave:guide with raal and thearetical
hyperballe reflecting surfaces
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‘Fig. &C Diagram of a wave guide with real and theoretical
elliptical reflecting surface

The operating principle is based on the reflection of
the sound emitted by the compression driver’s throat
by means of a flat, parabolic, hyperbolic or elliptical
surface, according to the type of dispersion required.
Before being reflected, the sound emitted by the
driver’s circular throat passes through a wave guide
formed on one side by parallel, convergent or
divergent walls and on the other by walls which
diverge conically or with another geometric flair, in
order to form (at a given distance from the initial
throat) another so-called diffraction throat with a
rectangular shape (a slot), positioned just before or
just after the reflecting surface portion, creating
planar, divergent or convergent sound waves.

As well as advantages which can be easily imagined
by looking at these illustrations, this solution offers
doubtless advantages of a geometric nature, because
folding the high frequency wave guide (normally
straight to avoid creating destructive internal
interference) close to the reflecting surface facilitates
reduction of the dimensions of the enclosure in which
its fitted.

What’s more, its acoustic operation, at least in the
case of the parabolic reflecting surface, resembles
that of the flat diaphragm it tries to imitate. In fact,
a parabola works according to the diagram shown
here,

Fig. 9A1 Cross-section
of a parabola

and is able to concentrate planar sound waves
cutting its surface in its focus and/or emit planar
waves starting from a point source put in the same
focus, maintaining an identical signal path from the
source to the emission plane in question -

Fig. 8A2 The £ffect of a point source
on a seqment

However, closely analysing the geometry of the
device proposed in the aforesaid patent applications,
one realizes that the imitation of flat diaphragm
emission isn't completely successful and doesn't
achieve the degree of perfection that on the contrary
the geometry used by Heil enables his device to
achieve.

In fact, the reflecting parabolic surface, described as
being able to transform the spherical planar sound
wave emitted by the compression driver into a
rectangular planar sound wave, which is the
prerequisite for forming “vertical line arrays”
performing well at high frequencies, needs, for this
to take place, a source which is effectively a point
source and doesn’t have dimensions such as that of
a driver’s throat.

In fact, analysing the parabola by means of the
schematic designs, it can be noticed that, due to its
shape, it can't reflect in parallel beams the sound
emitted by any source other than a point source
positioned in its focus and therefore, in this case,
cant come close to flat diaphragms’ operation for
planar waves.

It also seems clear that the paths from every point
of the source to the emission surface (shown with a
darker line in the illustrations) can’t remain the
same, as is necessary to avoid the occurrence of the
typical interference caused by different arrival times
of the signal reproduced by the device.
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This also happens in the case of the reflecting wave
guide in the aforementioned patent applications.
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In fact, since the real sound emission is not point
source emission, virtual point source emission can't
be formed outside the wave guide for any of the
possible reflecting surfaces, including parabolic.

A glance at Fig. 9B1, 9B2, 9B3, regarding a
hyperbola, will clarify the concept better than any
more written explanations.

Fig. 9B1 Cross-section
of a hyperbola

Il Fig. 9B2 Effect of a point source
on a segment

Fig. SB3 The effect of a real source
on a segment

Then, with reference to the ellipse, see Fig. 9C1,
9C2, 9C3.

Flg. 9C1 Cross-section of an ellipsa

Fig. 9C2 Effect of a point source on a segment



http://www.outline.it

Fig. 9C3 The effect of a real source on a segment

In short, the conditions for optimum sound
reflection, those strictly comparable with
theoretical conditions, particularly those
allowed by a parabola, which is the reflecting
surface by means of which it’s possible to
approach the emission conditions of a flat
diaphragm, are only effectively and totally
achieved if the source is a point source.

When the real source has dimensions can’t be
overlooked (in the professional sound reinforcement
sector, these dimension can’t be reduced below a
certain limit for reasons of power), the sound
emission obtained using the reflection method gets
further and further from achieving the emission
characteristics of a flat diaphragm the larger the
source’s dimension and the higher the frequency
band to be reproduced by reflection.

It can be deduced that from a theoretical and
practical point of view, this method doesn’t have the
geometric precision of Heil's wave guide and
therefore its use in multiples for HF sections in
vertical line arrays will increase the imperfections
which occur in the system for physical reasons which
can’t be overcome, even if the result is still
potentially better that that which can be achieved
adopting other “classic” solutions found up until now,
as they're also conditioned to a greater extent by
unavoidable geometric/physical questions.

In my opinion, the solution described to far, based
on folding the wave guide to achieve the required
type of reflection having a real source like the throat
of a driver, can be better exploited to build
“particular” single enclosures which don’t necessarily
have to be coupled in multiples, such as for example
very low profile “wedge monitors”, in which it's
important to keep the physical dimensions within
necessary limits.

| personally used this system for our H.A.R.D. 212,
“no compromise” wedge monitors with a very low
profile and with ideal acoustic/directive
characteristics for short/medium throw applications.
After these observations, if 1've managed to explain
myself sufficiently clearly, it's obvious that in spite of
the latest (nevertheless valid) solutions to the
problem of reproducing high frequencies in “vertical
line arrays”, the "DOSC"” wave guide offers greater
precision and its performance is much closer to that
of a flat diaphragm.

Is there therefore absolutely no possibility of building
a device that performs in the same way as Heil's

without using the same construction logic
safeguarded by its patent?

In recent years, the search for this device has been
the object of research and constant work at Outline
with countless prototypes being built, of both very
complicated individual devices and equally complex
complete units containing these devices, as the latter
were necessary for carrying out measurements which
are really indicative of the acoustic results obtained
using them in line arrays.

This intense work led to the discovery of a new
solution to the problem, with the invention of a
device whose patent application, registered in Italy
some time ago, has been extended to international
level (PCT).

The device’s operation is extremely similar to that of
a flat diaphragm, at least to the same extent as
Heil’'s wave guide, with which it has no principles in
common.

In fact, the new device combines operation similar to
that of a flat diaphragm with the much wider
versatility and potential of the reflecting wave guide
already described, as it exceeds it in precision,
emission coherence and overall performance.

Noselli’s "DPRWG, Double Parabolic
Reflective Wave Guide” as an
alternative solution to Heil’s "DOSC”
wave guide.

The solution, which had been sought for so long and
has at last been found, like all valid solutions, is of
disarming simplicity.

Its application allows loudspeaker system designers
wide working margins from the construction point of
view and much greater creativity regarding
enclosures’ shapes, up until now based on the classic
solution imposed by well-known techniques.

In short, this device, built on the basis of the
invention, allows to overcome the intrinsic limits of a
geometrical and dimension nature of traditional cone
speakers, dome tweeters and compression drivers
also and above all used to build line arrays, or those
systems in which the correct acoustic coupling of
multiple sources is indispensable to achieve the
result.

The invention is based on the transformation of
a source with the typical dimensions of real
loudspeakers, firstly into a virtual point source
with characteristics identical to a real point
source and later, in a second stage, obtaining
from this "real” point source the required
sound dispersion by means of reflection with
various types of surfaces with different shapes,
keeping the sound paths exactly the same from
any point of the active source to the
measurement or listening position via the
reflecting surface.

This reflecting surface can be flat, parabolic,
hyperbolic or elliptical, or more generally
speaking, flat, concave or convex.

It’'s much harder to describe the device in words than
with the following diagrams.

Fig. 10A, 10B, 10C, 10D and 10E schematize the
transformation of a real flat source (represented in
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all the diagrams by a continuous segment on a
dotted straight line) into a “real” point source by
means of a parabolic concave reflecting surface and
also schematize the sound diffusion in the direction
of the arrows by means of the same parabolic
(convex) surface (Fig. 10A), a flat surface (Fig. 10B),
a hyperbolic (concave) surface (Fig. 10C), a
parabolic (concave) surface (Fig. 10D) and an
elliptical (concave) surface (Fig. 10E);




