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There are typically two systems in use for sound reinforcement in open areas: the central, “wall of
sound” system with speakers localized at the sides of the stage, and the zone system, in which additional
speakers are introduced to obtain a uniform sound pressure level throughout the area of listening. In
the past two decades the line array systems gained great popularity. The main purpose of their use is to
obtain a uniformly distributed sound level throughout the listening area in order to achieve good speech
intelligibility. The present paper aims to present an alternative and original method of sound reinforcement
in open areas which is in contrast to the above solutions. This new method allows achieving a uniformly
distributed sound pressure and good speech intelligibility in the area of interest, and also allows to gain
spatial sound impression that accompanies sound reproduction in concert halls. Another advantage of
the proposed system is the reduction of the sound level outside the area of interest, i.e. reduction of the
noise level outside the area of listening.

Keywords: sound creation system, open area, spatial impression, noise, geometrical method, inverse
image source method.

1. Introduction

During the sound reinforcement in open areas with
so called “wall of sound”, there are two ways to cre-
ate the acoustic field: in small areas, by using high
power loudspeaker sets localized centrally (on the
stage) and, for large areas, by using the zone sound
system (Hojan, 2003; Ishizawa et al., 1998; Toole,
2008]. An alternative method is the use of line array
systems which, compared to the “wall of sound”, pro-
vide a more uniform distribution of the acoustic field
across the entire area of listening (Ureda, 2001). The
main purpose of their use is to obtain a uniformly dis-
tributed sound level throughout the listening area in
order to achieve good speech intelligibility but other
parameters describing the properties of the acoustic
field in the object are ignored.
In the case of listening in concert halls and opera

houses, many authors (Ando, 1985; Beranek, 1996;
Bradley, 1991; Bradley et al., 2000; Hidaka et al.,
2000;Kulowski, 2007;Kuttruff, 2009;Long, 2006;
Marshall, Barron, 2001) draw attention to a num-
ber of parameters, such as the “Clarity” group param-
eters, the parameters relating to speech intelligibility
on the analysed object, or the “Lateral Sound” group
parameters, very important when listening to music.

Unfortunately, in the case of outdoor concerts, because
of the dominance of the direct sound from the sound
sources, particularly the spatial sound impressions are
considerably limited (Meyer, 2009). It is this factor
that has led the authors to propose a sound system for
open areas that would allow obtaining simultaneously
a uniform sound reinforcement in the area of interest,
good speech intelligibility, and spatial sound impres-
sion similar to that achieved in concert halls.
It should also be noted that in the case of sound re-

inforcement in open areas, a high noise level is emitted
outside the area of listening. It is usually very inconve-
nient to the outsiders. The proposed system for sound
reinforcement in open areas allows a considerable re-
duce of that noise.

Formulating the objective of the research

The objectives of the present paper were (Fig. 1):

1) to build a multi-channel sound creation system in
open area;

2) to reduce noise level emitted outside the open area
of sound reinforcement.

The object of interest are squares and market places
in cities (limited slightly by thes urrounding buildings)
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Fig. 1. Schematic diagram of a multi-channel
sound creation system in an open area.

in which various artistic events are organised, concert
shells in parks, etc., further referred to as open areas.
The idea behind the concept was to create, in an open
area, the acoustic field with properties similar to the
ones of the acoustic field in a good concert hall. The
created acoustic field was supposed to meet the follow-
ing quality criteria (Mechel, 2008):

1. SPL (Sound Pressure Level) [dB];
2. D Definition [%] – parameter characterizing
speech intelligibility;

3. C50 Clarity [dB] – parameter characterizing
speech intelligibility;

4. C80 Clarity [dB] – parameter characterizing music
reproduction clarity;

5. LF Lateral Energy Fraction [%] – parameter char-
acterizing spatial sound impression;

6. LFC Lateral Energy Fraction Coefficient [%] – pa-
rameter characterizing spatial sound impression;

7. STI Speech Transmission Index – parameter char-
acterizing speech intelligibility;

8. ALCons Articulation Loss of Consonats [%] – pa-
rameter characterizing speech intelligibility, refer-
ring to the loss of consonant intelligibility.

The above-mentioned quality criteria on the analysed
object should have the following values (based on e.g.
(Kulowski, 2007):

1. SPL – assuming that for the open area, the back-
ground noise level may reach ca. 50 [dB], whereas
the sound pressure level in the area of listening
should be at least 75 [dB], and distribution of this
parameter should be even enough for the differ-
ence between the highest and lowest SPL value
not exceed 6 [dB];

2. Definition – above 70 [%], C50 – ≥ +3 [dB], STI
– at least 0.6, ALCons – maximum 10 [%], for the
speech reception to be at least good;

3. C80 from the range −5 [dB]÷+9 [dB], or slightly
above +9 [dB], for the clarity of music to be at
least of a medium quality;

4. LF and LFC – in the range 10 [%]÷ 25 [%].

Sound system description

To generate an acoustic field with the proper-
ties described above, a multi-channel sound system
was utilised. This system consists of the main and
additional sound sources. The sound emitted by in-
struments without any amplification, as well as loud-
speaker sets on the stage as the main and central sound
sources can be used. Additional sound sources are ex-
tra loudspeakers which simulate the sound reflected
from walls, as it occurs indoors.
The system should ensure in the examined area

the sound quality equivalent to that achieved in closed
rooms with good acoustic properties. It should ensure
values of the sound parameters equally good to ones in
good concert halls, and minimise the noise outside the
area of listening. The image source method was used
in an inverse order (Gołaś, Suder–Dębska, 2010)
to synthesise the structure of the sound sources dis-
tribution in the open area, further referred to as the
inverse image source method. In general, the method
is to assume the desired properties of the acoustic field
on the object, and the distribution and parameters of
the sound sources ensuring the effect which is as close
to the expectation as possible.

Inverse Image Source Method

The image source method is one of the geometrical
methods which, for a specific area with determined ge-
ometry and acoustic parameters, and for a predefined
localization of the sound sources, allows to determine
the parameters of the acoustic field. The idea of the
Inverse Image Source Method is presented in Fig. 2.
The Inverse Image Source Method involves an inno-
vative use of the conventional image source method
to solve the inverse problem. It means that, on the
examined object (open area), the type of the desired

Fig. 2. Idea of the Inverse Image Source Method.
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Fig. 3. Algorithm of the Inverse Image Source Method.

acoustic field, its acoustic parameters, is initially as-
sumed, and then, based on the inverse image source
method, the distribution of additional sound sources
which surround the reinforced area, their power, and
delays are determined in such a way that the acoustic
field with the assumed properties is created. These ad-
ditional sound sources imitate sound reflections from
the wall. The algorithm of the inverse image source
method (Fig. 3) can be briefly described as follows:
1) determining the desired values of acoustic param-
eters;

2) determining acoustic parameter distribution on
the examined object for a conventional sound sys-
tem type;

3) determining, based on the inverse image source
method, the distribution and parameters of ad-
ditional sound sources creating the acoustic field
on the object with the properties as close to the
predefined quality criteria as possible.

2. Analysing the central system

Numerical simulations of various types of the cen-
tral sound system were performed based on the EASE
software.
An open area dimensioned 24 [m]× 32 [m] was as-

sumed as the analysed object. For the examined area,
asphalt surface, air temperature 20 [◦C], and humidity
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60 [%] were assumed. Simulation tests were performed
for the conventional central system with loudspeakers
localized at the sides of the stage. Figure 4 shows the
model of the analysed object.

Fig. 4. Numerical model of the open area
for the central sound system

The conventional central sound system was anal-
ysed in 15 configurations: 12 times for various types
of loudspeakers placed individually at the sides of the
stage, and 3 times for 4 loudspeakers of various types
placed at the sides of the stage, with the speakers
operating at the sound power of the level which can
generate the sound pressure level at the level about
100 [dB] ÷ 115 [dB] in all the cases (there are mean
SPL values obtained during concerts and events). Sim-
ulation results, such as mean values of the acoustic
parameters are given in Table 1.

Table 1. Simulation results for the reinforced area.

System
SPL Definition C50 C80 LF LFC ALCons

STI[dB] [%] [dB] [dB] [%] [%] [%]

2 x EAW KF750F 115.4 99.9 40.4 50.1 2.3 3.2 1.0 0.99

2 x Community WET315–94 98.8 99.9 40.9 51.9 2.9 4.1 1.0 0.99

2 x Dynacord VariLine VL262 98.6 99.9 40.2 51.9 5.6 8.0 1.0 0.98

2 x HK Audio VT115X 100.6 99.9 40.4 52.6 3.8 5.5 1.0 0.99

2 x JBL PRO AM4215/64P 103.0 99.9 40.9 56.8 3.5 5.1 1.0 0.99

2 x MERIDIAN DSP5500 94.9 99.9 40.4 51.9 7.7 10.8 1.0 0.98

2 x Meyer Sound UPA-2P 111.2 99.9 40.2 53.3 4.2 5.8 1.0 0.99

2 x Peavey IMP652S 94.4 99.9 40.6 47.0 7.1 10.0 1.0 0.98

2 x Proel NEXT15HP 104.9 99.9 40.9 50.2 4.1 5.9 1.0 0.99

2 x Renkus – Heinz STX4–94 109.4 99.9 40.6 52.5 4.4 6.5 1.0 0.99

2 x Tannoy T300 105.3 99.9 40.7 54.7 4.4 6.4 1.0 0.99

2 x Yamaha F15 99.0 99.9 40.5 54.2 4.1 6.0 1.0 0.98

8 x Community WET315-94 104.8 99.9 40.0 56.0 3.2 4.6 1.0 0.99

8 x JBL PRO AM4215/64P 108.9 99.9 39.5 51.5 3.8 5.7 1.0 0.99

8 x Renkus – Heinz STX4–94 115.3 99.9 39.4 50.9 4.8 7.2 1.0 0.99

Figure 5 shows the distribution of the SPL param-
eter for two Community WET315–94 speaker sets lo-
calized at the sides of the stage. Figure 6 shows the dis-
tribution of the LF parameter for the system as above.

Fig. 5. SPL parameter distribution for the Community
central sound system.

Fig. 6. LF parameter distribution for the Community
central sound system.
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According to the simulation results, in all configu-
ration cases the speech intelligibility is excellent, which
is not surprising with the direct sound from the main
sources at the sides of the stage dominating on the
object. Yet, the clarity parameter in music perception
is exceeded (high C80 values). Spatial impressions are
very poor as well, as indicated by the LF and LFC
values of the order of a few percent. The difference is
noticeable only in the case of the SPL parameters, it
is, however, dependent on the parameters of individual
loudspeakers. Consequently, from the analysed config-
urations, the highest SPL values can be achieved using
EAW loudspeakers, and the lowest from Peavey loud-
speakers.

3. Multi-channel sound creation system

in the open area

Numerical simulations of a multi-channel sound
creation system were performed based on the EASE
software.
An open area dimensioned 24 [m]×32 [m] was as-

sumed as the analysed object. For the examined area,
asphalt surface, air temperature 20 [◦C], and humidity
60 [%] were assumed. So, it was an object identical to
that analysed for the central sound systems. The dif-
ference is that the new sound system was used in the
case of the multi-channel sound creation system, com-
posed of the main sources on the stage and additional,
delayed, sources of sound surrounding the auditorium,
and their sound power levels reduced adequately in
relation to the sound power levels of the main sound
sources. The main sound sources are two loudspeakers
placed at the sides of the stage, with 102 [dB] sound
power level each, and the parameters of the additional
sound sources are given in Table 2. A schematic distri-

Table 2. Additional sound sources parameters which
simulate the sound reflected from the walls.

source coordinates sound power delay
number [m] level [dB] [ms]

1 (32.00; 5.20; 1.55) 84.5 88

2 (32.00; 9.05; 1.55) 83.5 104

3 (32.00; 14.95; 1.55) 83.5 104

4 (32.00; 18.80; 1.55) 84.5 88

5 (9.05; 0.00; 1.55) 91.3 40

6 (13.05; 0.00; 1.65) 82.5 110

7 (17.00; 0.00; 1.55) 88.5 55

8 (21.10; 0.00; 1.55) 82.0 118

9 (23.00; 0.00; 1.50) 86.5 70

10 (9.05; 24.00; 1.55) 91.3 40

11 (13.05; 24.00; 1.65) 82.5 110

12 (17.00; 24.00; 1.55) 88.5 55

13 (21.10; 24.00; 1.55) 82.0 118

14 (23.00; 24.00; 1.5) 86.5 70

bution of the sound sources is given in Fig. 7, where I
and II are the main sound sources. The multi-channel
sound creation system described was built based on
the inverse image source method.

Fig. 7. Schematic diagram of the sound sources distribution
for the multi-channel system for sound creation in open
areas (based on the Inverse Image Source Method).

For the object described above in the EASE 4.3
software, the acoustic field was simulated using geo-
metrical methods with taking into account the inter-
ference between individual loudspeakers (“All source
contributions are added first in a complex manner and
then the resulting complex sum squared. This retains
all the phase effects such as cancellations and addi-
tions” (EASE, 2009)).
Mean values of the acoustic parameters described

in the introduction obtained in the area of interest with
the proposed multi-channel sound creation system are
given in Table 3.

Table 3. Mean values of the acoustic parameters achieved in
the reinforced area with the multi-channel sound creation

system (with Visaton BG17 speakers).

system
SPL D C50 C80 LF LFC ALCons

STI[dB] [%] [dB] [dB] [%] [%] [%]

multi-channel
sound creation 76.9 88.3 10.5 15.9 13.1 17.8 1.9 0.83
system

Figure 8 and Fig. 9 present, respectively, the dis-
tribution of SPL and LF parameters in the reinforced
area for the multi-channel system for sound creation
in open areas.
According to the performed simulations, the sound

pressure level in the area of interest is relatively uni-
form – in almost 90 [%] of the area, the SPL differ-
ences are below 6 [dB], speech intelligibility is at a very
good/excellent level, as indicated by the values of Def-
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Fig. 8. Distribution of the SPL parameter in the reinforced
area for the multi-channel system for sound creation in

open areas.

Fig. 9. Distribution of the LF parameter in the reinforced
area for the multi-channel system for sound creation in

open areas.

inition – over 85 [%], C50 – over 10 [dB], STI – over
0.8, ALCons – less than 2 [%]. Clarity in music percep-
tion is also at a satisfactory level, as indicated by the
C80 parameter, and much better than that in the case
of the central sound system. The proposed solution al-
lowed to achieve spatial impression as in rooms, which
is indicated by the LF and LFC values, where over
80 [%] of the area exhibits values of the desired range.

4. Noise outside the reinforced area

As already mentioned, in the case of concerts tak-
ing place in market places, squares etc., the problem
of sound emitted outside the reinforced area emerges.
Particularly, in the case of events lasting several days,
the noise may be very strenuous to persons staying
nearby. Therefore, according to the authors, it is es-
sential to reinforce the sound in open areas in such
a manner so that the sound emitted outside was as
quiet as possible. Therefore, the area dimensioned
84 [m] × 92 [m] in the centre of which the open area
of interest is located (the sound level was analysed in
the area surrounding the object, in the radius exceed-

ing 40 metres) was also analysed. The analysis was per-
formed for two sound reinforcement configurations, the
central sound system for EAW KF750F loudspeakers,
due to the fact that they emitted the highest noise level
within the reinforced area, and for Peavey IMP652S
loudspeakers, since they emitted the lowest noise level,
and the third configuration was the proposed multi-
channel system for sound creation in open areas. Ta-
ble 4 presents the simulation results.

Table 4. Differences between the mean values of SPL pa-
rameter inside and outside the reinforced area for the three

analysed configurations of sound system.

system ∆SPL [dB]

2 x EAW KF750F 11

2 x Peavey IMP652S 10

multi-channel sound creation system 14

Figure 10 presents the distribution of the SPL
parameter outside the reinforced area for the multi-
channel system for sound creation in open areas.

Fig. 10. Distribution of the SPL parameter outside the
reinforced area for the multi-channel system for sound cre-

ation in open areas.

Noticeably, the highest differences between the
mean values of the SPL parameter inside and outside
the reinforced area can be achieved while using the
multi-channel system for sound creation in open areas.
While using the central loudspeakers configuration, the
noise level outside the area is very high and clearly de-
pends on the power output of the installed speakers.
The differences between the values of noise level from
the multi-channel system for sound creation in open
areas and the noise level from the central systems are
of the order of some over twenty decibels with the ad-
vantage of the multi-channel system. Furthermore, it
has to be stressed that for the multi-channel system for
sound creation in open areas the noise level emitted in
the distance of around 40 metres from the reinforced
area is close to the background noise, whereas for the
central system the noise level is from 69 [dB] to even
above 80 [dB].
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5. Summary and conclusions

As the analysis carried out indicates, the proposed
multi-channel system for sound creation in open areas
allows to achieve a relatively uniform sound pressure
level across the area of interest and good/satisfactory
clarity of sound for both music and speech with
a good/very good mark. A considerable improve-
ment of spatial impressions is noticeable after utilis-
ing the multi-channel sound system – when used, the
LF and LFC parameters are within the range rec-
ommended for concert halls. Without the system, the
LF and LFC parameters are of several percent values,
which means they are too low. As it could have been
expected, after introducing additional loudspeaker sets
surrounding the listener, the intelligibility of speech
decreased, but the STI and ALCons parameters prove
that it still remains at a good/very good level.
As a result of analysis performed outside the area,

it can be stated that the use of the proposed multi-
channel system for sound creation in open areas may
allow reduction of the noise emitted outside the area.
In the least favourable case, the reduction is around
20 [dB], whereas in the best case, the reduction may
be even above 35 [dB]. It is of essential importance,
especially considering the fact that for the proposed
system, only within 40 metres from the reinforced area,
the noise level achieved is below 50 [dB], so its value
is close to the background noise level.
To sum up, it should be concluded that the multi-

channel system for sound creation in open areas may
fulfil the objectives assumed, namely, it can create,
within the area of interest, an acoustic field with the
properties close to that of rooms (closed spaces) and,
at the same time, allow to reduce the noise outside
the reinforced area.
The proposed system exists only as a computer

model at the moment. Using some components of the
multi-channel system (Ciesielka, 2009) (e.g. loud-
speakers, amplifiers, signal processors), an attempt was
made to build a true multi-channel system for sound
creation in open areas based on the inverse image
source method. First preliminary studies of this system
in a measured object and results of the measurements
confirm the results obtained through the simulations
(Gołaś et al., 2011).
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