High End Cardioid Loudspeaker Array
Preface
There exist thousands of loudspeaker systems. Who am I to think building a better one? Well,
sometimes you must be lucky a bit and become old enough to read nearly the whole literature on
the subject like the CBT of Don Keele: http://www.xlrtechs.com/dbkeele.com/CBT.php (or in Dutch:
https://by-rutgers.nl/PDFiles/CBT.pdf ).
The luck was that I entered a church (for PA advice) some Saturday when a lady was practising to
speak in the church in question to prepare herself for the next day. The transparency of her voice
stroke me. The level was too high for speaking without a PA installation, so I looked after the speaker
arrays to convince myself. I made a note of the supplier on the label at the backside and to make a
long story short: the loudspeaker array consisted of ten 2” speakers of VISATON type FR 58.
The specifications of the speakers were very promising.
I’m still inquisitive and ordered for the small loudspeakers which cost less than 10 euro each! Here the
adventure started.
In the Dutch document: “De ontwikkeling van een Luidspreker Array als Quasi Dipool / Cardioïde” on
this site, I describe the development process in detail. The most relevant topics are presented here in
English.

Summary
An array of five 2” loudspeakers, VISATON FR 58, in an array configuration on a curved baffle does
produce a very nice sound in the frequency range of 300 Hz to 20 kHz. Moreover frequency dependent shading helps to make a very nice vertical polar diagram, so that a good off-axis frequency
response comes into existence. In this way, any contribution from the room stands a chance of being
as perceptually benign as possible.
More over the back side of the small box, in which the speaker array has been put in, is ‘closed’ with
Oasis, a sort of foam to arrange flowers, which will muffle resonances and delays the sound
passed so that the system becomes a cardioid.

The Loudspeaker
VISATON publishes the next frequency response characteristics of the FR 58:

The small loudspeaker as in the picture at the left is
simple to mount, the permissible power is 10 watt with a
very attractive frequency characteristic as shown above.

At the site of VISATON this could be found together
with the mounting data at:

http://www.visaton.com/en/chassis_zubehoer/breitband/fr58_8.html

It seems to be a rather urgent type. One could read 18.03.2014 in the picture….

Baffle Step
The 5-speaker array has been mounted into a baffle of 380 mm high and 280 mm wide, simply
because the box with the motional feedback system below it is 28 cm wide. To avoid a baffle step it
is wise to put the array out of the centre of the baffle. Previously, with the array in the middle, I did
find a dip around 2 kHz and a peak around 800 Hz.
Olson sowed this already in JAES Vol. 17, No. 1, 1969:
De box in question is 30 cm
wide. This effect will be
suppressed if the distances
to the edges are unequal.
Olson: These distances

should be "non-harmonic",
which is to say that they
should be different, but in
such a way that no one
distance is an even multiple
of any other.

The distance between the centre of the upper speaker and the upper edge of the baffle becomes
80 mm and the vertical line is at 110 mm from one of the vertical edges:

Because the diameter of the magnet is in the order of the hole in the front, a thin (metal) plate of 155 x
335 mm should be used on a rectangular hole of 80 x 315 mm.
The baffle should be curved with angles of 175º (sin 5º = 0.087) as we will see later. It could look like
the photographs below:

Simulations with the FR 58
Before we, Paul Vancluysen (who executed all the simulations in LEAP) and I, came to the angle of
175º between the segments of the array, many simulations have however been done with 176º:

Shading
Apart from the curved baffle, shading should be applied to get a flat on axis frequency response and
a wide vertical radiation diagram. The horizontal diagram is no problem because of the small
speakers. However, in general shading decreases the acoustical output of the system!
Without shading as in diagram B (‘Schema-B’ withoutthe capacitor!) the with LEAP simulated frequency responses look like:

with red = on axis and blue at ±4,5º,
and according to LEAP the vertical polar radiation diagram becomes:

Because of the ascending frequency response of the speakers a frequency dependent shading
could be applied. This has been achieved with diagram ‘Schema-C’. The on axis response becomes
much better as well as the vertical radiation:

with red = on axis and blue at ±4,5º.

These simulations above still had been done with a symmetric array!
With Schema-C the asymmetric array offers even a little bit better performance:

At the left the in LEAP presented simulation setup. The
horizontal radiation diagram looks always as below:

The angle of 175º
Paul Vancluysen has done a lot of work to find the optimal construction and accessory diagrams.
This has undoubtedly led to the excellent performance of the array system.
The 175º angles between the segments of the array pointed out to be better at larger radiation angles
than the 176º we experimented with up till now.
Here the vertical radiation diagram with 175º between the speakers:
Always is:
red :: 2.56kHz,
green :: 3.84 kHz,
blue :: 5.12 kHz,
yellow :: 6.4 kHz and
brown :: 12.8 kHz.

The difference on
axis and ±4.5º is
negligible compared
to 176º. However,
between ±15º relative
to the axis the vertical
polar diagram seems
to be rather correct.
This will mean a
variation in height of
half a meter around
the axis at a listening
distance of two meter!

Oasis (foam to arrange flowers)
As shown in the photographs before, the baffle is supported by two abutments. They support the
baffle for the right angles within half a degree!
The abutments could be blocked up with a back panel so that a small enclosure derives. Even if this
enclosure should be stuffed with sound demping material, the sound from the array would be unsatisfactory in the midrange. A better solution could be to leave the backside open, but in this case
the frequencies around 400 Hz should be short circuited acoustically.
I have chosen for a semipermeable backside of ‘Oasis’, a trademark of a foam that is used to arrange
flowers. It is delivered in fragile blocks (7 x 10 x 19 cm) which match between the abutments. The
foam blocks cannot be glued (the glue will be absorbed immediately). In stead a high viscose sealant
could be used.
The effect is a cardioid radiation diagram!

Backward radiation
The backward sound radiation will be limited, at least at the high frequencies. There should be
some radiation in the mid range with phase shift. This effectuates the cardioid operation.
A rapid near field measurement shows what I mean. I do not have the possibility to measure in
an acoustic anechoic room, so this simple measurement should satisfy up till now.
At the left the measured near field
front radiation and at the right the
backward radiation has been
shown. At 900 Hz the backward
radiation is only a few dB less (with
probably much phase shift).

Sea also: Loudspeakers, Reflections, and Rooms
by Francis Rumsey:
We have not yet found the precise compromise between correction and leaving well enough alone, but the best answer seems
to lie in the direction of having loudspeakers that have a good off-axis frequency response. In this way, any contribution from the
room stands a chance of being as perceptually benign as possible.

The transformer
In both diagrams (Schema-B and Schema-C) a transformer has been implemented for the assurance
of the voltage distribution over the loudspeakers. The response of two speakers in series becomes
frequency dependant due to their different frequency dependent impedance so that the polar
diagram becomes unpredictable, probably with an inductance as in ‘Schema-C’.
With the speakers connected, the total impedance is about 5.5 Ω. The
2
two windings have 100 turns on a 7 cm iron of a double C-core.
The two windings in series measure 850 mH (at 40 Hz). One winding is 200 mH (at 82 Hz). The total
leakage inductance is 50 µH (at 3,5 kHz).
For the roll off at about 300 Hz, an MDF capacitor of 25 µF has been put in series.

Measurements
Vertical radiation
I do not have the possibility to measure the (vertical) polar diagram (in an anechoic room). The only
method that remains is to measure the frequency spectrum with pink noise and a spectrum analyzer
at different levels over the floor at the nominal listening distance (of two meters).
Below the complete loudspeaker system has been reproduced with a scale in cm. So the top of the
array is at 110 cm. The nominal listening level is 90 cm when I’m in my easy chair.
The measurements between 40 and 130 cm over the floor are denoted in steps of 10 cm.

The left loudspeaker:

40 cm

at 50 cm over the floor

The characteristics have been
recorded in bars of 1/6 octave.

60 cm

70 cm

Between 70 to120 cm the mid range
is at about the same sound level.

At 4 kHz is a dip of about 4 dB due
to the MCE2000 measuring
microphone. It disappeared with
the KE 4….

80 cm

Between 80 and 100 cm (including
the nominal listening level!) the
curve rises some 5 dB over the 10
kHz with the old MCE2000
microphone. Later, with the KE 4 of
Sennheiser, the peak disappeared!

90 cm

100 cm

110 cm

120 cm

130 cm

The right loudspeaker
70 cm

90 cm

110 cm

The response of levels from 60 to 120 cm over the floor is rather flat. Great!
The dip at 4 kHz and the rise over 15 kHz is due to the old measuring microphone MCE2000 which
turned out later with the Sennheiser KE 4.

The measurements with the Sennheiser KE 4 are better:
In the mean time I have two KE 4 microphones, which are much better than the old MCE2000’s. With
these I find better results with blocks of 1/6 octave:
The right box (linear array with MFB) on
axis at 96 cm over the floor on the
listening place in the room (2.5 m from
backwall, 1 m from window to the right).
The MFB could be lifted a bit. The peaks
at 30 and 60 Hz are due to room
resonances.

The left box on the listening place.

Above the array of the left box .....

and the MFB of the left box in place.

Left: the noise floor in the room.

The impedance of the array
Because my version of ARTA (LIMP) was not able to measure the impedance curve, I had to
measure it by hand in the old-fashioned way. This is Schema-C with still 40 µF in series for the roll off.
Later the capacitor has been changed to 25 µF.

Loudness
With noise and a Rohde & Schwarz Präzisions-Schallpegelmesser- ELT 2 221.7406.02
FNr.870691/361 I measured 97 dBSPL at a two meters distance. This counts for white, pink and
brown noise if the filter had been matched (A, B or C respectively).
The source was my CD624 with a CD which had been modulated up to -3 dB so that at one
meter distance the maximum SPL is at least 100 dB!
A strongly compressed CD of Anouk (pop music), played at 6 dB below full power of the SSA120
is unbearable loud!

Comparison with my (old) ESLs
I have been listening to my home brew Electro Static Loudspeakers (see elsewhere on this site) for
many years. Putting them back was a disappointment: striking was the bad polar radiation diagram in
horizontal as well as in vertical direction. At the sweet spot they sound fabulous but already with a
small head movement I was remembered to the sharp bundling. That is not what one wants any
more. Moreover their output is more than 10 dB less as the dynamic range. Exit ESLs.

How does the array-system sound?
Because I am familiar with ESLs and the sound of live instruments (piano, voice, cello, harpsichord,
violin, etc) I looked after their sound during the design. That has begun
already with the choice of the loudspeakers as narrated at the opening.
When I put the MFB boxes with the arrays on top in a isosceles triangle
with legs of two meter with myself and at least two meters from the wall
behind them, the virtual sound stage, the image focus, is fabulous and
at least as good as with the ESLs. But there is more: the sound is more
spacious because of the wide radiation. Connected to the SSA120 and
the heavily modified CD-player CD624, the dynamic behaviour is unbelievable. Piano’s are solid in the low midrange which make them ‘real piano’s’. The music has shine
and luster.
There is scarcely a hot spot . I hear nearly no change in ‘sound-colour’ when I walk through the room
in front of the speakers. I am very satisfied with this surprising quality.
Some recordings have been changed in their sound stage: Now instruments stay in one place if they
are playing louder like the two piano’s in Bartok’s 2 piano’s with percussion. This is for the first time!

If during recording an original sound source does come by uniformly (from left to right visa versa)
the sound image also comes by uniformly!
Sometimes I get the strong idea that sounds come from above like the thunder storm in Eindhoven in
my own recording and the carillon in the street recording of Amsterdam.
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On the 9 of July 2015 Pieter Meijer en Geertjan Groot Hulze came for a peer review. They are young
people with much better ears than I have. Moreover they have a lot of experience in listening to audio
systems. They are the developers of the digital filter on the FPGA in my CD624 ! For them it was striking
that they could hear that the signal path from the CD player including the speakers is an analogue path: all
‘errors’ the LS1 (of GrimmAudio) produces are absent. The sound is much more open.

Conclusions
1. The FR 58 of VISATON is a nice cheep small (2”) 10 watt full range loudspeaker.
2. Small full range loudspeakers sound better than a mid range speaker-with-a-dome-tweeter.
This strikes me every time listening to small DAB+/FM radio’s with a 3” or 5” speaker.
3. For more acoustic power, the use of several small wide range loudspeakers is needed.
4. For this the speakers could very well be placed in a bended vertical array configuration. Then a
wide radiation pattern in the horizontal direction has already been granted.
5. For an acceptable vertical radiation pattern the baffle should be ‘bent’ in steps of 5º.
6. Moreover shading should be applied. This means that not all speakers are operating with
the same power so that the maximum permissible power is reduced.
7. The applied shading has been made frequency dependant so that the maximum permissible
audio is not reduced in the midrange.
8. To get an inaudible baffle step, the array should be placed out of the centre of the baffle. For the
execution demands are made.
10. Thanks to the application of OASIS (a foam to arrange flowers) at the back of the arrays, they
do’nt behave as ‘speakers in a closed box’.
11. The maximum SPL is 100 dB at 1 m.
12. The array-units contribute the frequency range of ~300 Hz tot 20 kHz. Combined with the MFB
system for the low frequencies they offer an excellent sound system.
13. The colour of the sound and the soundstage with the arrays are at least as good as those of the
ESLs-at-the-sweet-spot, but the radiation diagram, the loudness and the dynamics outperform
them.
14. At higher frequencies (over 10 kHz) there is some discrepancy in the frequency response between
the simulations and the measurements, because the FR 58 has not been measured for LEAP.
Paul used the specifications.
15. The come into being of these arrays had not been possible without the extended comprehensive
help of Paul Vancluysen. He has LEAP to his disposal, a computer program with which acoustic
simulations have been performed. His role was crucial.

Some pictures:

Below a picture from the listening position. In case the distance of the speakers to the wall
behind, with a lot of books as a diffuser, is about three meters.
In the background could be descried: a built-in Thorens TD124 record player with the ‘Another Phono
Amp for MD-cartridge’, the modified CD624 CD-players (the upper one with the orange strip contains
the PCM1792 with the balanced I2V converter, the one below with the separate DAC contains
PCM1704’s, both comprise the digital filter on an FPGA board), my headphone amp, the SSA120
power amplifier and the box with the comfortable Philips headphones.

Eindhoven, 2-11-2015, updated at 4-4-2016
and 27-4-2016.

