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ABSTRACT

Performances in open-air settings create challengeas terms of noise pollution,
which has to be controlled by the organizers withinthe limits set by the local
authorities that aim to preserve the comfort and halth of local residents. In this
study, an integrated approach has been developed ¢ontrol the off-site noise levels,
in the framework of H2020 MONICA project. To this purpose, Kappa Futur
Festival, an open-air multi stage Electronic musiéestival attended by more than 50
thousand people, has been considered as a case gtidcomprehensive set of actions
was put in place for off-site noise predictions usg SoundPlan®, a noise modelling
software. A measurement campaign through a noise mdoring network was
performed during the two days event showing the relvance of the low-frequencies
content. The data have been used for calibration othe simulation model. The
simulations allowed to pinpoint which sound systemi.e. stage, could cause the
dominant noise off-site so that potentially breache the regulations. The results
showed that future editions of the Festival would énefit from feasible mitigations
and optimization actions, i.e. variations of stageloudspeaker arrays, stage
orientations and FOH level control, by also presemng the optimal levels for the
audience.
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1. INTRODUCTION

Music festivals around the world continue to growhveach passing year. If some of
them are located in remote areas (e.g. the BuiMegfestival in the Black Rock Desert,
The Defqon 1 festival in Netherlands), others” kicis precisely their location inside the
city centres (e.g. Ultra Europe festival, Szigesthal, Wireless Festival, Lovebox
Festival). In those cases the challenge is tweetbfdr the organizers: in addition to offer
an adequate experience to the concert goers, fitecgssary to control the sound
propagation in the nearby areas [1]. With the gngwiterest and subsequent increased
number of participants, the noise levels in thea@urding increased together with the
number of affected communities complaining abowhsevents [2]. The event, even if
limited in time (lasting just few days), influende life of the adjacent neighbourhoods:
on the one hand wellbeing and health of its infzaé could be compromised [3], on the
other the event generally has a positive relapsehencity's economy [4]. When
attempting to regulate noise from outdoor concedsernment authorities are conscious
that noise limits need to consider the realistiopmgblevels that are needed to hold a
successful concert, while still preventing unreada behaviouf5]. In a nutshell, there
is a need for tools to plan those events able nsider at once the requirements of local
authorities, local residents, participants and oizgEs.

Environmental noise predictions represent such @, tcommonly generated
employing proprietary software packages. Produ@ngenvironmental noise model
involves defining a series of noise sources tomwestigate, describing acoustically
significant features of the environment throughaksound will propagate to the receiver
(this includes the ground terrain, the built enmiment, and atmospheric condition, e.g.
wind, temperature, humidity) [6, 7], and then appdya calculation method. The majority
of the software involves ray tracing techniques andge-source models through the
translation of standard predictive algorithms (sastSO 9613 [8] and Nord2000 [9] able
to consider coherency effects) into computatiomalec Aspects to be implemented are
computational accuracy and differentiation in tlssignment of standard atmospheric
conditions to the sources. For the present worisenmodelling software SoundPLAN®
from Braunstein + Berndt GmbH was selected becaisae of the leading software
products in the field of environmental noise prédic and it has been recently
implemented with a stage layout import tool: tledlaboration with d&b audiotechnik
GmbH permits the direct use of ArrayCalc files dadeang all specific loudspeaker
setups already defined by the stage planner, imdutbmplex directivities and delays.

In this study, Politecnico di Torino, in the frawark of H2020 MONICA project and
with the support of City of Torino and SPECTRA K.developed an integrated approach
to control the off-site noise levels during the @&dition of the two days event Kappa
Futur Festival. A measurement campaign togethehn w&itnoise monitoring network
allowed to collect data of noise levels in the hbemuring areas for calibration of the
simulation model. The Sound Pressure Levels (SPirpat of house (FoH) were also
measured, so the specific signal spectrum of eage svas used for the simulations. The
venue has been modelled based on 3D GIS City nrapghe loudspeakers arrays have
been imported from ArrayCalc. Simulations using &tRian® have been performed for
the investigation of different off-site noise maigon alternatives. Results allowed to
pinpoint which sound system, i.e. stage, could eahe dominant noise off-site so that



potentially breaches the regulations. Future ealtiof the Festival would benefit from
feasible mitigations and optimization actions, variations of stage loudspeaker arrays,
stage orientations and FOH level control, by alssserving the optimal levels for the
audience.

The paper is structured as follows. In sectionerttain features of the venue of the
festival are exposed. Section 3 describes the maasmt campaigns for the collection
of the data, as well as the used instrumentatiecti@ 4 presents the model construction
steps, the necessary inputs and the methodologlpgetpduring the simulations” phase.
In section 5 the method is applied in different faggurations and results are presented
and discussed. Section 6 summarizes the preseht wor

2. VENUE DESCRIPTION
2.1Festival Area

In this document the Kappa FuturFestival, an opemaalti stage Electronic music
festival attended by more than 50 thousand pedilg has been considered as a case
study. The 2018 edition of the Festival consistetbor simultaneously running stages
located in different areas of Parco Dora.

Parco Dora is located in the Spina 3 area, in trthrnzone of Turin, and has an
extension of approximately 938,000 m2. Until thes 90 was characterized by the
presence of important production facilities, bainfr 2000 it has undergone a number of
interventions to the current configuration. Nowaglaire Parco Dora is one of the largest
green areas in the city, alternating naturalistiwimnments and re-functionalized
industrial remains. On the south side, the DoraaRapriver is crossed by three
footbridges. The surrounding neighbourhoods areniyaintended to residential
construction and commercial activity, with sevenadlls. A church, a museum, an
environmental park and an hospital are the maifdimgjs of interest in the area. A link
road runs around the area and fits into a tunrgheStree-lined avenues are present.

In particular, Kappa Futur Festival takes placedlat area inside Parco Dora, where
a canopy, sign of the previous plant, stands ot¢neling over 80 m height and 300 m in
length. This canopy covers the largest paved drieeark, while other areas are mostly
grassy. Some fixed concrete barriers separatedittleenn areas.

Figure 1. Satellite view of Parco Dora area. The tetch surrounds the festival
area.



2.2 Stages disposition

Four stages called S1, S2, S3 and S4 were pogitiosile the area as shown in Figure
2. The S3 stage is the leading one and housesittesne completely under the mentioned
canopy. It was placed in the east area with ortemtdrom east to west, as the S2 stage
80 metres south. In front of them the S1 stageloesed with the opposite orientation.
The north-west area was occupied by the S4 statpeawiission from east to west.

Figure 2. Venues configuration in the area

3. MEASUREMENT CAMPAIGN

A set of acoustic measurements, both in-site afiditef, have been performed during
the entire period of the event. Therefore, equivadeund pressure levels (Leq) have been
measured and the A- and C- weighted sound levels been considered.

The noise measurements were documented with @&Vaet boundary conditions
including the precise locations and heights of stand measurement positions.

Data have been collected through:

e an NTi XL2 Sound Level Meter with a range of 10101dB and resolution of 1/3
octave for 10 minutes long measurements

 sevenclass1lSLM

* nine loT SMLs

A noise monitoring network allowed to collect datghe surrounding. More than 15
receivers were positioned for the event, but Nanhekhsurements have been used for this
study. Just eight of them were selected and cereidrepresentative of the areas around
the festival. Figure 3 indicates the eight poirgsdifor the model calibration later on.
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The SPL at each FoH were also measured in 1/3®t@awds down to 12.5 Hz. This
allowed to assign the proper spectrum to each s$teiipe calculation models later on.

4. SIMULATIONS
4.1 Software

SoundPLAN 8.0 software was used to model the affsctad by the festival.
SoundPLAN allows the assessment of the impact gir@mmental noise through the
simulation of sound propagation in outdoor.

The software is divided into packages that diffefunction and type of noise treated.
Sources can be vehicular traffic, rail and airportnoise produced by plants or open-air
events, as in this case.

It has no limits in the number of insertable olgemtd sources, nor limits on the size
of the area of interest. This allows to simulasoaxtended and complex areas.

Data can be imported in different formats (DXF, AG@rcView, etc.). SoundPLAN
is based on dozens of national standards for tloelledion of noise sources. The Ray
Tracing method provides maps of noise propagatiolai@e areas, but also global levels
and their breakdown by individual sources. Among dlailable standards (all included
in the basic module) there are those that refefutore European standards being
published (COM2000-468). Moreover, the softwaradtire allows the easy insertion of
any new regulations.

4.2 Model construction
The model has been created importing GIS files idex by the City of Torino.
SoundPLAN® works through layers ( the so-calledd@&des”, contained in "Situations™”



inside the "Project"): therefore, the elements ab@rizing the area (ground, buildings ,
roads, barriers, canopy) were saved in differdas fand then imported subsequently in
SoundPLAN®. Ground data has been imported in A8&t format, buildings and roads
in ESRI shapefiles while barriers and canopy haenkpreviously modelled in Google
SketchUp® software and then imported. All the de¢ae georeferenced.

The soil has been differentiated to take into antdbe proper sound absorption:
"Ground Factor, G" scale runs from "hard = 0" tofts- 1". G = 0 has been set for areas
completely covered by grass, while G = 0.3 for gbaeas and G = 0.2 for mixed ones.

The temperature and the relative humidity were kepstant (20 ° C and 60%).

roads

buildings

terrain

Figure 5. 3D model in SoundPLAN 8.0



4.3 Sources and receivers

Stages were the unigue sources of noise considi@rditis work. A stage is featured
by the position of noise sources, the propertidewdspeaker array and the area for the
spectators. These characteristics were stagesneesigth ArrayCalc d&b audiotechnik
GmbH software by the sound engineers. Their cordions in terms of directivity,
orientation and delay were taken into account: wihgrorting a system design file into
SoundPLAN®, the position and complex balloon data njagnitude, phase and
directivity) of every single loudspeaker sourcegomatically transferred as one stage
object. The position and orientation of each stags entered into SoundPLAN®
according to plan scheme provided by the eventrizges. The points visible in the
simulation software are centered in the rear ofifggned stage, facing the public.

In SoundPlan stage object, further points repreenfposition of the sound mixer
where to calibrate the stage, called Front of Hq&s¢l). Generally, the FoH locations
correspond to the reference points, but not indage. It is important to point out that the
FoH points of Arraycalc did not correspond to teerence points actually used during
the festival. Figure 5 shows the location of theaiCalc FoH and the reference points
actually used.
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Figure 6. Plan with the four stages: red dots irade& ArrayCalc FoH, blue dots
correspond to the reference points actually usetihduhe festival

Through the object “free field receivers” in thdétaa@re, the eight receivers have been
inserted manually in the model as points. Theighehas been defined manually too.

4.4 Calibration and simulations

Even if measurements have been performed duringrttie period of the event, only
the period between 19.00 and 19.30 of the secogpdfithe festival was considered.
During the event, the values varied widely andrtfemtioned half an hour was sawn as a
representative interval of the normal functionirighe stages in terms of performance.
At this time, the stages were active all togetmetl the event was at its peak. In this way
the calculation could be “on the safe side” regagdhe affected residential areas, rather
than underestimating the potential impact.

The spectra from the FOH measurements were erftardte stages in the calculation
models, as shown in Figure 4.
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Figure 7. Measured spectra at the reference points

SoundPLAN® recalibrates the sound system for tinergtarget at the defined
reference point. Due to the fact that in this dageFoH and the reference points did not
correspond, correction levels were inserted irstifevare in order to calibrate the stages
according to the pressure levels in dBC at theeefe points.

Table 1. Comparison between sound pressure lefetgerence points and FoH

Total sound SPL from simulations in SPL from measurements in SPL from simulations in

level at FoH reference points reference points FoH

inserted
Stage (dB) (dBA (dBC) (dB) (dBA) (dBC) (dB) (dBA) (dBC) (dB)
)

S1 111 91 110 111 91 109 110 92 110 111
S2 115 94 112 113 91 112 113 94 114 115
S3 115 100 114 111 97 113 114 101 114 115
S4 108 94 112 113 96 111 112 92 107 108

In this way, on average the simulation output catexdt the measurement by nearly
3 dB(C) with a standard deviation of about 2 dB(I&@ble 2 in the following page shows
the comparison between the mentioned values.



Table 2. Comparison between sound pressure levedsured and calculated during
the considered interval (19:00-19:30).

Leq
Height (dBA) (dBC) (dB)
from terrair

Receiver (m) measured calculated measured calculated measured
R1 20 71 73 91 94 92
R2 31 68 71 89 92 90
R3 19 71 74 89 92 90
R4 34 71 74 87 90 88
R5 31 72 75 86 89 87
R6 50 65 67 85 87 86
R7 29 65 67 83 85 84
R8 6 74 76 86 88 87

Then, other simulations were run. In particulahas been investigated the effect of
the variation of:

* |loudspeaker arrays
* orientations of stages
* FOH level control

In all these conditions has been considered asstraint the optimal sound levels for
the audience and the local authorities limits lier aff-site levels set at 73dBA and 87dBC
aiming to preserve the comfort of the local restdé¢h] [11].

5. RESULTS

The measured data showed the relevance of the reguéncies content of the
electronic music. Low frequencies are the mostcalifrequencies in the noise problem
of outdoor concerts and the control of sound oaegd spaces with a feasible number of
loudspeakers is only possible in that range [12)rédver the long monitoring showed
that these levels variate depending on the perfie'npeeference on stage (i.e. dj). The
simulations showed a good match with the measuresmerhe first step i.e. calibration
phase, thus accurate results could be obtainedf@gbe mitigation alternatives. The
variation of the typology of the loudspeaker arrays from line arrays to gradient arrays,
could lead to an improvement of the directivityat-frequencies. Therefore, a decrease
on the off-site noise levels behind the Main stageld be observed maintaining the
unvaried FoH levels. The orientation of the S3 ataghich was first tested with a
concrete noise barrier on the left side (norttgdle an evident improvement in the noise
levels for the buildings in the North part of theea Only the FOH levels have been
modified for the other two stages.

6. CONCLUSIONS

The simulations allowed to obtain the single-stiigasfer functions and continuous
monitoring data allowed a detailed report aboutsadievels on the surroundings,
suggesting new mitigations and optimization actionghe future edition of the Festival.
Both the loudspeakers array directivity control lfaw-frequencies and stage orientation
variation considering to use the existing noiseaibes resulted to be efficient ways for
noise level control.



The FOH level control resulted more problematithatstages where the loudspeakers
array directivity at low frequencies was not impedv Therefore, considering the
improvement of such variation it can be suggestedafl the stages. However, costs
increase should be taken into account. Moreovezahtime feedback addressed to the
performer could help to maintain the optimal FOrEls.
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