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White Paper  

   Guido Noselli       System 

__________________________________________________________________________________  

Introduction  

I n the Sound Reinforcem ent world in recent years, a 
great deal has been said and writ ten about vert ical 
line arrays.  All m anufacturers, from the sm allest to 
the largest , have brought out in a m ore or less 
efficient and objective manner these particular sound 
system s, each t rying to influence listeners or readers 
as to how his const ruct ion choices were the r ight 
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 I 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 cont rary, I ll offer as exam ples the products 
of som e m anufacturers, dedicat ing som e space to 
them , because their part icular products in this field 
give indispensable help in understanding the work 
and results achieved by Out line, described in this 
publicat ion. A great deal of what is writ ten in this 
white paper is taken direct ly from the text and 
designs contained in som e patents for the But terfly 
system, applied for in 2002.   

Preliminary remarks  

Before Christ ian Heil (Ref.1) , Vert ical Line Array 
was sim ply the definit ion used to appropriately 
describe a part icular type of enclosure: a speaker 
colum n. An enclosure st ill used today several 
decades after its demise, for the speech reproduction 
in reverberant environm ents and all those places in 
which it s necessary to project speech over a 
considerable distance with good intelligibility. 
To date, these colum ns haven t undergone any 
further technical developm ent to m ake them suitable 
for wider m ore dem anding use, such as the wide 
range reproduct ion of the whole audio spectrum in 
the pro audio reinforcement field.     

The reason for this and its int r insic character ist ics, 
which m ade it and st ill m akes it an enclosure able to 
reproduce with a vir tual dispersion of a cylindrical 
nature, with an adequate sound level and quality, a 
rather sm all port ion of the audio spect rum, i.e. the 
frequency range norm ally described as Vocal or 
Telephone Band .    

 

This is also the case with the colum ns called 
I ntellivox designed during recent years by Duran 

Audio (Ref.2) , for which a sophist icated DPS 
cont roller was im plem ented enabling to achieve very 
high direct ivity values on the vert ical plane, even if 
in a narrow band of the audio spect rum , 
nevertheless more than sufficient for solving speech 
intelligibility problem s in environm ents 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 at t r ibute to Heil, the 
inventor of the V-DOSC, the rediscovery and m odern 
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 similarit ies, 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). 
I n this configurat ion, the system has a vir tual 
cylindrical acoust ic em ission caused by the effect of 

the vert ical coupling of the m ult i-way enclosure 
elements forming the array. 
I n fact , the use of several channels, with each 
loudspeaker dedicated to a specific audio range, for 
the const ruct ion of vert ical line arrays isn t a idea 
recent ly int roduced by Heil, but had already been 
experim ented and used for m any years in var ious 
models of speaker columns.  
0ne good example is described in Ref.3 
Merit therefore shouldn't go to Heil for having 
int roduced the use of m ult i-way system s form ing 
vert ical sound line arrays, but rather the fact of 
having clearly described and dem onst rated the 
criter ia that govern these configurat ions, arr iv ing at 
the form ulat ion of a com plete theory, based on the 
sim ilarit ies between acoust ics and opt ics with 
reference to the Fresnel and Fraunhofer diffract ion. 
(Ref.4 and 5). 
This is the acknowledgm ent that the internat ional 
audio comm unity m ust r ight ly and object ively give 
Heil and this, at the same time, is the contribution of 
knowledge he m ade to this sector and can now be 
used by everybody. 
I n 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 m ethods, to build a 
vert ical line array which works well over the ent ire 
audio band, up to high frequencies of the order of 
15/20 kHz.  

   

So didn t Heil s w ork give anything new , just a 
bet ter know ledge of w hat w as 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 pract ical realizat ions 
however, Heil int roduced a new elem ent , for which 
he deposited the patent in France in far-off 1988 and 
later in Europe and Am erica (Ref. 8) , the im portance 
of which was such as to relaunch the vert ical line 
array as a highly effect ive const ruct ive solut ion for 
professional high-powered enclosures; the sam e one 
that had been abandoned after the first at tem pts 
m any year before in the pro audio world and lim ited, 
as we ve seen, to a m ore rest r icted use in the 
aforementioned speaker columns. 
The new element is a special wave guide - the 
DOSC w ave guide , which resolves a problem 

which up unt il then had been insurm ountable, of 
obtaining from a high frequency loudspeaker a high 
sound level em ission, suited to building vert ical 
sound colum ns for use at concerts and in general for 
sound reinforcem ent in large areas . 
Before describing Heil s invent ion and its peculiarity, 
it s necessary to out line, at least briefly ( the books 
m ent ioned can be consulted for the details) , the 
m ost im portant features of a line array, worthy of 
being defined as such with reference to the elem ents 
that form it.   

Vertical Line Arrays work   

Since vertical line arrays for sound reinforcement are 
form ed by a certain num ber of elem ents/ enclosures 
assem bled one above the other but operat ing 
individually, it s clear that the operat ion of a system 
like that is closely linked with the acoust ic coupling 
achieved between all the elements with reference to 
the audio range to be reproduced. 
I n short , one can talk of acoust ic coupling when the 
em ission of the elem ents form ing the line array 
(com parable to the em ission typical of point sources, 
with reference to the highest frequency to be 
reproduced) interact , summ ing the energy em it ted 
individually.  
I n order for this to occur, which is at the basis of the 
system s efficient operat ion, two fundam ental cr iteria 
m ust be respected (Heil cites three m ore, which in 
this context it s superfluous to m ent ion and of which, 
those of you who wish can easily find the descript ion 
in his publications):  

a) The surface occupied by the act ive sources  
form ing the array elem ents m ustn t be less 
than 80% of the total surface of the array.  

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

These two requisites, if sat isfied sim ultaneously, 
m ean that a certain num ber 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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sam e dim ensions, a fundam ental condit ion for 
obtaining a virtually cylindrical wavefront.  
When the second of these condit ion can t be 
achieved for geom etr ical reasons illust rated further 
ahead, as it s impossible to obtain the necessary 
coupling which m akes the group of em issions 
com parable with the em ission of a planar wave 
source, at least am ong the em ission of the single 
elem ents form ing the array, it s necessary that no 
dest ruct ive interference is generated in the band of 
frequencies for which the aforem ent ioned coupling 
couldn t be achieved.  
I f the requisites listed so far are easily achieved for 
low frequencies, it s m ore difficult for m id 
frequencies, to avoid dest ruct ive interference at 
1000Hz, for exam ple (1/ 2 wavelength = 
approxim ately 17cm .) , this would im ply the use of 
sources that don t exceed the dim ensions of 17cm (a 
6.5 speaker) , with all the results in term s of poor 
efficiency.  
Then, for frequencies above 1000Hz, the dim ensions 
of the sources must gradually diminish to values that 
are only theoret ical and m ater ially im possible to 
achieve with real sources such as loudspeakers.  

Vert ical line arrays w eak point  

I t can be seen from all this that the form at ion of a 
vert ical line array has its weakest point in the high 
frequencies or rather in how the act ive component, 
loudspeaker or other item that has to reproduce 
them is made and used.  
I n fact , for exam ple, to reproduce frequencies up to 
10000Hz (1/ 2 wavelength = 1.7 cm ) , sources that 
don t physically exceed this dim ension would have to 
be coupled closely.   
Even supposing that such sm all loudspeakers 
(m agnet ic circuit ry included) can be built , it s easy to 
im agine that it would be a waste of t im e, due to the 
pract ically non-existent efficiency of loudspeakers of 
that type. 
Creat ing vert ical line arrays that operate well at high 
frequencies therefore becom es a pract ically 
insurm ountable physical quest ion if one wants to use 
t radit ional loudspeakers such as for exam ple 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 m outh 
surface dim ensions aren t negligible as they re suited 
to the lowest frequency that has to pass through 
them.  
This m eans 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 dim ensions and type of 
dispersion more suited to form ing a line array 
operating correctly according to the requisites listed.   

  

Flat diaphragm loudspeakers in 
vertical line arrays  

I f however one decides to use loudspeaker that are 
slight ly less t radit ional, such as those with a flat 
diaphragm , in one of the versions m anufactured 
today (elect rostat ic, isodynamic, etc.) , it wouldn t be 
difficult to obtain correct behaviour even at high 
frequencies. 
I n fact , it s easy to im agine how the behaviour of 
these loudspeakers, with reference to their sound 
em ission, is the best that could be im agined for 
forming a line of vert ical sound em ission. I n fact , 
these loudspeakers, being m ade up of flat 
diaphragm s that m ove in phase with all the 
frequencies they reproduce, are com parable to sm all 
line array, and the installat ion of one sm all line array 
on another sm all line array can only result in the 
form at ion of a higher line array with em ission 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 they re not widely used, and can 
generally only be seen in m odels with lower 
performance.   
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Com pression dr ivers in vert ical line 
arrays  

So, what can be used to reproduce high frequencies 
that meets the necessary requisites? 
Since the m ost im portant requisite, as has been 
seen, is the capacity to reproduce sound pressure, of 
all today s known com ponents the m ost efficient and 
that which is m ost suited to obtaining it are 
com pression driver. However, like other t radit ional 
loudspeakers, it doesn t have negligible dim ensions, 
or sound em ission comparable with that of a 
rectangular flat diaphragm.  
Therefore, m any m anufacturers t r ied their skill at 
m aking special wave guides or part icular acoust ic 
adaptors that enabled the easily available 
com pression dr ivers in m ult iples to reproduce the 
high frequencies in line array systems.    

   

But as can be easily deduced from the schem at ic 
exam ples on these pages, apart from the m ore or 
less good acoust ic results obtained, no device 
inspired by them fully achieves what is required by 
the line array theory: sound em ission by a 
rectangular flat diaphragm . The simplest m ost 
efficient solution for generating planar waves.  

I s the DOSC w ave guide the only 
possible solution?  

The techniques illust rated up to now or sim ilar ones 
sim ply enable to reduce the effect of interference 
that occurs between the elem ents, 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:   

Sim ulat ing the behaviour of a rectangular flat 
diaphragm using a classic com pression dr iver

  

The system foresees a wave guide that receives the 
com pression driver s em ission via a phasing plug 
elem ent , 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 em ission slot can in turn becom e 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 em ission 
of every point of the circular throat plane of the 
dr iver to reach the new rectangular throat plane at 
the end of the wave guide, the diffract ion slot , 
covering the sam e distance, in such as way as to 
reproduce the sam e planar wave found at the throat 
of a compression driver in rectangular rather than 
circular form.  
The dim ensions of the annular duct are very sm all 
and therefore avoid creat ing dest ruct ive interference 
due to internal reflect ions between the walls of the 
wave guide and the phasing plug . Fig. 6A, 6B, 6C 
and 6D schemat ize Heil's innovat ion. I t s obvious 
that this elem ent sim ulates the cylindrical wavefront 
of a rectangular flat diaphragm very closely.  
I n part icular, Fig. 6 A shows a horizontal cross 
sect ion of a driver with phasing plug; Fig. 6 B shows 
a vert ical sect ion of the sam e dr iver with phasing 
plus; Fig. 6 C is an axonom etr ic view showing the 
dr iver with phasing plug with the output slot coupled 
to a front horn or wave guide; Fig. 6 D is the 
diagram of two units with phasing plug aligned one 
above the other to give a cylindrical wavefront.  
I t seem s clear that Heil s system is geometr ically 
exem plary and essent ially correct for achieving the 
result , compared to those less correct ones based on 
coupling various wave guides, horns, etc. And in 
fact , the perform ance of this system , in m y opinion 
is at the basis of the success achieved by the product 
on which it s used.   

   

Other valid solutions? 
The Reflective Wave Guide   

Only recent ly, a new solut ion was found. After 
several years during which there was first ly 
confusion in the pro audio sound reinforcem ent 
m arket on behalf of the m ajority of the world s 
m anufacturers regarding the use of line arrays and 
later their m obilisat ion in the search for new m ore or 
less valid products to be put on the market, following 
up on the success that Heil s products cont inued to 
have year after year.  
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Perhaps this new solut ion isn t as totally 
irreprehensible from a geom etr ical point of view as 
Heil s invent ion, but anyway in m y opinion it s m ore 
valid than the others that have been put forward up 
unt il now since, based on a com pletely different 
pr inciple, it enables to realize a high frequency 
sect ion which perform s very sim ilarly to a source 
with a rectangular flat diaphragm , which I wish to 
repeat, is the solution most suited to use in a vertical 
line array.  
I n fact , if one looks closely, the solut ion found allows 
the form at ion of sound em ission 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 innovat ion was 
the alm ost simultaneous subject , unbeknown to its 
inventors, of two patent applicat ions, both valid for 
patent law, as the m ost recent was presented before 
the publicat ion of the previous one, dur ing the so-
called latency period which, unless expressly 
requested by the inventor, norm ally lasts for 18 
months.  
One applicat ion is I talian, N° BS2 0 0 1 A0 0 0 0 7 3 
dated 0 3 / 1 0 / 2 0 0 1 , deposited by Out line, which I 
represent , the other is the French N° 0 0 1 1 4 9 of 
08/09/2000, deposited by Eric Vincenot and 
Francois Deffarges, two nam es that don t require any 
introduction.  
The operating principle of this wave guide, which can 
generally be defined as reflect ive , suited to be used 
to advantage not only in vert ical line arrays, is 
schem at ized respect ively in the group of diagrams 
from 7A to 7E, as far as the designs illust rat ing the 
application for an Italian patent are concerned,   

            

in the Fig. 8 group, as far as the designs illust rat ing 
the French patent application are concerned,    
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The operat ing pr inciple is based on the reflect ion of 
the sound em it ted by the compression driver s throat 
by m eans of a flat , parabolic, hyperbolic or ellipt ical 
surface, according to the type of dispersion required.  
Before being reflected, the sound em it ted by the 
dr iver s circular throat passes through a wave guide 
form ed on one side by parallel, convergent or 
divergent walls and on the other by walls which 
diverge conically or with another geom etr ic flair, in 
order to form (at a given distance from the init ial 
throat ) another so-called diffract ion throat with a 
rectangular shape (a slot ) , posit ioned just before or 
just after the reflect ing surface port ion, creat ing 
planar, divergent or convergent sound waves. 
As well as advantages which can be easily im agined 
by looking at these illust rat ions, this solut ion offers 
doubtless advantages of a geometric nature, because 
folding the high frequency wave guide (norm ally 
st raight to avoid creat ing dest ruct ive internal 
interference) close to the reflecting surface facilitates 
reduction of the dimensions of the enclosure in which 
its fitted. 
What s m ore, its acoust ic operat ion, at least in the 
case of the parabolic reflect ing surface, resem bles 
that of the flat diaphragm it t r ies to im itate. I n fact , 
a parabola works according to the diagram shown 
here,   

   

and is able to concent rate planar sound waves 
cut t ing its surface in its focus and/ or em it planar 
waves start ing from a point source put in the sam e 
focus, m aintaining an ident ical signal path from the 
source to the emission plane in question 

     

However, closely analysing the geom etry of the 
device proposed in the aforesaid patent applicat ions, 
one realizes that the im itat ion of flat diaphragm 
em ission isn t com pletely successful and doesn t 
achieve the degree of perfect ion that on the cont rary 
the geom etry used by Heil enables his device to 
achieve. 
I n fact , the reflect ing parabolic surface, descr ibed as 
being able to t ransform the spherical planar sound 
wave em it ted by the com pression dr iver into a 
rectangular planar sound wave, which is the 
prerequisite for form ing vert ical line arrays 
perform ing well at high frequencies, needs, for this 
to take place, a source which is effect ively a point 
source and doesn t have dimensions such as that of 
a driver s throat .  
I n fact , analysing the parabola by m eans of the 
schem at ic designs, it can be not iced that , due to its 
shape, it can t reflect in parallel beam s the sound 
em it ted by any source other than a point source 
posit ioned in its focus and therefore, in this case, 
can t com e close to flat diaphragms operat ion for 
planar waves. 
I t also seems clear that the paths from every point 
of the source to the em ission surface (shown with a 
darker line in the illust rat ions) can t remain the 
sam e, as is necessary to avoid the occurrence of the 
typical interference caused by different arr ival t im es 
of the signal reproduced by the device.   

   

This also happens in the case of the reflect ing wave 
guide in the aforementioned patent applications.  
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I n fact , since the real sound em ission is not point 
source em ission, vir tual point source em ission can t 
be form ed outside the wave guide for any of the 
possible reflecting surfaces, including parabolic.  

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

              

Then, with reference to the ellipse, see Fig. 9 C1 , 
9C2, 9C3.    
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I n short , the condit ions for opt im um sound 
reflect ion, those st r ict ly com parable w ith 
theoret ical condit ions, part icular ly those 
a llow ed by a parabola , w hich is the reflect ing 
surface by m eans of w hich it s possible to 
approach the em ission condit ions of a fla t 
diaphragm , are only effect ively and tota lly 
achieved if the source is a point source.  

When the real source has dim ensions can t be 
overlooked ( in the professional sound reinforcem ent 
sector, these dim ension can t be reduced below a 
certain lim it for reasons of power) , the sound 
emission obtained using the reflection method gets  
further and further from achieving the em ission 
characterist ics of a flat diaphragm the larger the 
source s dim ension and the higher the frequency 
band to be reproduced by reflection.  
I t can be deduced that from a theoret ical and 
pract ical point of view, this method doesn t have the 
geom etr ic precision of Heil s wave guide and 
therefore its use in m ult iples for HF sect ions in 
vert ical line arrays will increase the im perfect ions 
which occur in the system for physical reasons which 
can t be overcom e, even if the result is st ill 
potent ially bet ter that that which can be achieved 
adopt ing other classic solut ions found up unt il now, 
as they re also condit ioned to a greater extent by 
unavoidable geometric/physical questions.  
I n m y opinion, the solut ion described to far, based 
on folding the wave guide to achieve the required 
type of reflect ion having a real source like the throat 
of a dr iver, can be bet ter exploited to build 
part icular single enclosures which don t necessarily 

have to be coupled in m ult iples, such as for exam ple 
very low profile wedge m onitors , in which it s 
important to keep the physical dim ensions within 
necessary limits.  
I personally used this system for our H.A.R.D. 212, 
no com prom ise wedge m onitors with a very low 

profile and with ideal acoust ic/ direct ive 
characteristics for short/medium throw applications. 
After these observat ions, if I ve m anaged to explain 
m yself sufficient ly clear ly, it 's obvious that in spite of 
the latest (nevertheless valid) solut ions to the 
problem of reproducing high frequencies in vert ical 
line arrays , the DOSC wave guide offers greater 
precision and its perform ance is m uch closer to that 
of a flat diaphragm. 
Is there therefore absolutely no possibility of building 
a device that perform s in the sam e way as Heil s 

without using the same const ruct ion logic 
safeguarded by its patent?  
I n recent years, the search for this device has been 
the object of research and constant work at Out line 
with count less prototypes being built , of both very 
com plicated individual devices and equally com plex 
complete units containing these devices, as the latter 
were necessary for carrying out measurements which 
are really indicat ive of the acoust ic results obtained 
using them in line arrays. 
This intense work led to the discovery of a new 
solut ion to the problem , with the invent ion of a 
device whose patent applicat ion, registered in I taly 
som e t im e ago, has been extended to international 
level (PCT).  
The device s operat ion is ext rem ely sim ilar to that of 
a flat diaphragm , at least to the sam e 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 m uch wider 
versat ility and potent ial of the reflect ing wave guide 
already described, as it exceeds it in precision, 
emission coherence and overall performance.   

Noselli s DPRW G, Double Parabolic 
Reflect ive W ave Guide as an 
alternat ive solut ion to Heil s DOSC 
wave guide.  

The solut ion, which had been sought for so long and 
has at last been found, like all valid solut ions, is of 
disarming simplicity.  
I ts applicat ion allows loudspeaker system designers 
wide working m argins from the const ruct ion point of 
view and much greater creat ivity regarding 
enclosures shapes, up unt il now based on the classic 
solution imposed by well-known techniques.  
I n short , this device, built on the basis of the 
invent ion, allows to overcom e the int r insic lim its of a 
geom etr ical and dim ension nature of t radit ional cone 
speakers, dome tweeters and com pression drivers 
also and above all used to build line arrays, or those 
system s in which the correct acoust ic coupling of 
m ult iple sources is indispensable to achieve the 
result.  

The invent ion is based on the t ransform at ion of 
a source w ith the typical dim ensions of real 
loudspeakers, first ly into a vir tual point source 
w ith character ist ics ident ical to a real point 
source and later , in a second stage, obtaining 
from this real point source the required 
sound dispersion by m eans of reflect ion w ith 
var ious types of surfaces w ith different shapes, 
keeping the sound paths exact ly the sam e from 
any point of the act ive source to the 
m easurem ent or listening posit ion via the 
reflecting surface.  
This reflect ing surface can be flat , parabolic, 
hyperbolic or ellipt ical, or m ore generally 
speaking, flat, concave or convex.  

I t s m uch harder to describe the device in words than 
with the following diagrams. 
Fig. 1 0 A, 1 0 B, 1 0 C, 1 0 D and 1 0 E schem at ize the 
t ransform at ion of a real flat source ( represented in 
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all the diagram s by a cont inuous segm ent on a 
dot ted st raight line) into a real point source by 
m eans of a parabolic concave reflect ing surface and 
also schem at ize the sound diffusion in the direct ion 
of the arrows by m eans of the sam e 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);    


