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Abstract

Noise mapping is the process of determining andadising noise impact on the environment
in order to support environmental policies. Curentost noise impact studies are based on a
2D approach. The 3D output of noise simulationvgalfe is processed and visualised in 2D
and combined with 2D topographical and other datah as population distribution, to
guantify the effects. The research described im plaper aims at improving visualisation and
guantification of noise impact on the environmentgenerating a 3D noise map where 3D
effects are relevant. Based on the specific demam@pproach is presented to generate a 3D
noise map as basis for noise impact studies. Toygoged concept is proofed by applying it to
a sample noise impact study. From experiences twvérsample it can be concluded that the
3D noise map offers significant insight in situaovhere 3D noise effects are relevant, i.e. in
urban areas. Here current 2D noise maps have fionigm In addition more accurate
assessment of noise impact is possible in partieut@n different floors of a building close to
the noise source and/or behind noise barriers @msidered. This paper also elaborates on
accuracy aspects in all phases of noise modeinetyding reporting on initial experiments of
3D noise interpolation.

Keywords: 3D noise mapping, spatial modelling, environmeimtgdact studies

1. Introduction

2D GIS has been widely and successfully used inremwental impact studies to show
impact of spatial phenomena such as soil pollutiai, pollution and noise on the
environment. However it can be expected that a 3praach can offer fundamental
improvements when 3D effects are relevant, i.eirban areas. The objective of the research
presented in this paper is to study how noise imgaedies in those situations can be
extended towards 3D in order to improve visual@atof noise impact and to increase
accuracy of noise impact assessment studies. ahartgas, where considerable noise fall with
height up a building is less relevant a 2D repridem may still do.

This multi-disciplinary research is executed by teenpany dBvision (providing knowledge
on noise and its impact studies) and ITC (providdrgertise on geo-information processing).
The aim of the presented research is to show hasemmpact studies can be improved using
basic 3D GIS functionalities rather than how 3D Gifactionalities can be improved in
general. In that respect this research is a typa=dign’ research as it is recognized in the
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discipline of information systems. According to Asgtion for Information Systems (2007)
design research should a) show that there is a mtkricet a design; b) review existing and
propose a new design; c) show proof of conceptdpyyang it to sample data; d) show that it
can represent concepts that are impossible witktiegi designs; and, e) show that the
improved design can meet more general problemsth@Be aspects will be addressed in this
paper.

In section 2 the case of noise is presented defithie motivation for this research: why is
noise a problem; how are noise impact studies otiyrearried out; what are problems of
current 2D approach in noise assessment and maeagegection 3 presents a methodology
for a 3D approach in noise impact studies by thegiation of a surface representation of
noise levels at a surface following the heightta# terrain (including buildings) with a 3D
city model. The results of the 3D noise map, incigdapplying it to a noise impact study, are
presented in section 4.

Main aim of noise impact studies, as object of tesearch, is to visualise and quantify the
overall noise impact. Therefore increasing accuratgalculated noise levels on specific
locations is not the objective of this researchwieer improving accuracy of noise models is
an important scientific issue and will therefore bddressed in section 5 against the
background of the complete noise modelling prodéssn data collection and 3D noise
interpolation, to use in a specific applicationhelpaper ends with conclusions in section 6.
The cities Paris and Hong Kong already produced riéilse maps (see Butler, 2004;
respectively Wing and Kwong, 2006). Also the MITHRdol (CSTB, 2007; Rapin et al,
2002) provides a 3D presentation of noise level®es€ 3D noise maps, projecting noise
levels on buildings, look promising. The additiasfsthe research presented in this paper is
the generation of a noise surface and of 3D cost@s well as a generic method for
visualisation. The noise surface and 3D contoues kath representations of noise levels
following the terrain and provide therefore a mdetailed presentation of the noise situation
than the repsesentation of noise levels on buitdifigpe generic visualisation is just another
representation of the information. Conversions fdual reality environments are not
necessary to visualise the 3D information. As aseguence the noise surface as produced in
this research can be used directly to quantifyenomgpact in 3D as will be seen in this paper.

2 Describing the case of noise

This section presents the case of noise. The mpoadem including policies to reduce noise
problems are introduced in section 2.1. Sectiond2stribes current practice of noise impact
studies. The demand for a 3D approach for noisesasgent and management is described in
section 2.3.

2.1 Noise problem

Noise pollution in large urban areas, mainly causgedtdustry and road and railway traffic, is
considered as a serious environmental problemigSdt al., 2003). For the management of
these noise problems many governments require thgatenvironmental impact of noise
produced by planned constructions such as infretstrel and industries is assessed before
construction starts. If negative effects are exgubctmeasures need to be taken. These
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measures may comprise a change of the plan, catistrof noise barriers, use of quiet road
surfaces and insulation of houses.

Besides the prevention of future noise problenepsstaire being taken to reduce present noise
effects. In order to have a common European mitiggbrogram to control noise levels the
European Union has formulated a directive on npig&ution (European Union, 2002). The
directive prescribes a common approach for all menaountries to prevent and reduce the
harmful effect of noise. A major component of taproach is a common method to produce
strategic noise maps for all major cities, roadslways, airports and industrial sites. The
strategic noise map presents noise levels causedisiyng noise producers. The EU-directive
requires the noise map to represent noise levedshatight of four meters from the surface.
The EU-directive further requires publishing thaseomaps to the public and updating the
maps every five years. Based on these maps, pket to be made to reduce the impact of
noise, also every five years. The EU-directive doescontain common noise limits. These
can be determined by each member state.

2.2. Noise impact studies

Noise impact studies consist of two stages: 1) dhleulation of noise levels and 2) the
combination of other spatial and non spatial dath the calculated noise levels to produce
insight into the impact of noise.

Calculation of noise

In noise impact studies, noise levels are deterdnwiéh computer simulations models rather
than with noise measurements. There are severaomeafor this. First of all field
measurements are time consuming since the noiséslesncern the yearly averaged values
and can only be done under the appropriate weathaditions. In practice it is difficult to
execute an adequate number of measurements in fwrdg@oduce reasonable noise maps.
Furthermore it is impossible to determine futurésadevels by measurements whereas noise
simulation models can deal with future situatiolms.addition it is shown that models can
predict noise levels within an acceptable levelon€ertainty for most situations. Therefore
noise calculation methods, which have been valilated calibrated extensively with field
measurements, are widely accepted to provide teliaiformation on noise levels. In
computer models that implement the calculation wesh noise levels are calculated on
‘virtual microphones’ (observation points). A vialumicrophone, specified with a Xx,y,z
coordinate, is a point that reports what the ntesel would be at a certain location under
given circumstances. In the computer models nasel$ are computed on 3D data points
based on:

1. Information on the noise source (roads in this asaffic intensity, maximum speed,
road surface type, average emission of differehiclke types.
2. Information on aspects that influence noise propagauch as noise obstruction by

objects (like buildings, noise barriers) and nabsorption (like open areas with grass
or bare soil). This information also covers heiglas buildings and of other
topography.

3. 3D distance and direction of the data points waspect to the location of the noise
source.
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Determining the impact of noise

GIS functionalities are commonly used to assesdntipact of noise by producing strategic
noise maps. Noise maps can be made with the cotrdnnaf interpolated surface of noise
levels and spatial data covering the area of theystAn example of a noise map is shown in
figure 1 (Kluijver and Stoter, 2003). This figurbasvs several noise contours that represent
same noise levels along either side of road ahaag
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Figure 1: 2D noise map (Kluijver and Stoter, 2003)

The noise maps are used as input for the assessimeoise impact on the environment, for

example determining the area which is affected dayese noise; determining the number of
noise sensitive buildings or the area of naturgkpavhere a certain noise level is exceeded;
determining the number of citizens who are anndyedoise etc. Quantifying the impacts of

noise facilitates the comparison of several designerder to choose the design with the

smallest noise impact on the environment.

2.3 Problems of current 2D approach

Most of the noise calculation software calculatesse with the three dimensional data, i.e.
heights of buildings, of noise barriers and of oth@ography are taken into account.
Although output of noise calculation software (atvaéion points with calculated noise
levels) is described in 3D, most current noise napsin 2D representing noise levels at one
selected height (for example at four meter as redquiby the European directive).
Disadvantage of this 2D mapping method is the lackisight into the three dimensional
character of noise. In many situations noise lewlone particular selected height (for
example at four meters) do not provide completermation for assessing noise impact at
higher floors of a building.

2D noise maps are used to quantify impact of nasg, overlaid with a 2D building map.
This can cause considerable differences betweenlatdd impacts and impacts that (will)
occur in reality. The difference is especially nghen a building of interest is located close
to the noise source or when a noise barrier iseptes’eople living on lower floors of an
apartment building benefit more from a noise bartien people living on higher floors.
Therefore number of annoyed people might be overagtd when based on 2D analyses.
Summarising, 2D noise maps and 2D analyses arffiment to discriminate between noise
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impacts at different heights which is specificalglevant in urban areas. Although current
noise simulation models predict noise levels in BDise maps generated in 2D cannot be
used directly to study the 3D impact of noise. Be the 3D information in 3D noise impact

studies, firstly the output of noise software netedse processed in 3D.

3. Methodology

This section presents a 3D approach for noise itrgiadies. It starts with a description of the
study area (section 3.1). Section 3.2 presentsdloellation method used in this research. The
process of selecting the locations of observatiomtp, which is extremely important, is
described in section 3.3. Section 3.4 describesthevBD noise map is generated and section
3.5 describes how the 3D noise map is appliednoise impact study.

3.1 Study area

The study area is a small part of the city cenfr®dlft, the Netherlands. Delft is a city of
around 95,000 people in the densely populated Sdottand province of the Netherlands.
The study area is approximately 30,000 m2 and amn&bout 185 residential buildings with
an average height of 15 meters. A 3D city modeledog the study area, containing all
details of buildings, was provided by Vosselmaralket(2005). The city model, shown in
figure 2, is constructed based on an interactiygmeatation of the parcel boundaries using
several tools for splitting the polygons along eigimps edges. The roads, canals and trees
were also reconstructed from the combination otg@aboundaries and laser altimetry data
(Vosselman et al., 2005).

Figure 2: 3D city model of study area (Voégelman esd.,-2005)

3.2 Noise calculation method

As in other countries, also in the Netherlandswdatcon methods have been standardised and
are commonly accepted as appropriate for noise ¢dmgtadies after having been validated
and calibrated with extensive measurements in 18nds1980s (VROM, 1999). From the
available Dutch methods the Standard Calculationhbte 1 (SCM1) was selected for this
research. SCM1 (VROM, 2004) was established byvmestry of Housing, Spatial Planning
and the Environment, according to advise of noiggeds and after extensive testing, for
assessing relatively simple noise situations, sgckdetermining noise hot spots, quantifying
overall effects and visualising noise levels. SONMHs chosen since it takes the obstruction of
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noise by objects such as buildings into accountithiststill relatively simple to use, also for
non-noise experts. At the same time it meets thairements for this research (to see how
noise studies can be improved by a 3D approaclmer@hore sophisticated noise calculation
methods could also have been used. In this stuelsetimethods are not relevant, since the
focus is on a method to improve the visualisatiod guantification of noise impacts using
3D approach and not to improve the accuracy ofctileulated noise level on one specific
location.

Inputs for the noise computer model implementingVCare noise sources (location and
characteristics), noise propagation factors anémiasion points. This input information was
generated using the 3D city model. Fictitious da¢ae used for traffic intensities. It must be
noted that noise levels on 3D observation poingscaitculated in SCM1 by considering 3D
distance and direction of the observation pointtheosource. Consequently SCM1, as other
noise methods, implements a 3D approach for na@kilation.

3.3 Locating 3D observation points

Key issue was to optimally locate the observatiom{s that were used in a second step to
produce a continuous noise surface with 2D intefjpmh (see section 3.4). There are several
conditions that prescribe the best location. Oneditmn was that the observation points
should be located on the height surface of thaitesince the interpolated noise surface will
be draped over the 3D city model in a later stégmther condition was related to the spatial
distribution. In this case in 2D since a 2D spati&rpolation method was used. The decision
about the spatial distribution of points for noisenulation is not straightforward. Point
density should be sufficiently high to reach adegwcuracy of interpolation results. On the
other hand too many points should be avoided irerotd considerably reduce computation
time of the noise software.

Characteristics of noise propagation can be takEndaccount in order to optimally distribute
points. Noise reduces continuously and logarithtlyicaith distance in absence of obstacles.
Furthermore noise reduces discontinuously at olestasuch as buildings. A previous study
showed that point density should be adjusted teettobaracteristics in order to minimise the
error introduced with interpolation (Kluijver andoger, 2003). This implies higher density (1
m spacing in the test area) of observation poie@r rthe noise sources and buildings and
lower density further away from noise sources amttiimgs (2 m spacing).

Most optimally points should be located at facamfesuildings, i.e. with same X,y coordinates
but with varying z coordinate. However since 2eipblation, as applied in this research, can
only be used if points are located on different ggordinates, points with similar X,y
coordinates were simulated by giving them an oftde.1 m leaning towards the buildings
(see figure 3 (a)). The maximum offset cumulatealiout 1m (compare top and bottom of
building in figure 3 (a)).

Summarising, there are three types of point dessiti the generated observation points data
set when only considering X,y coordinates: 1 mieétween points near roads and buildings; 2
meter between points further away from roads antilibgs (where noise variance is low)
and 0.1 meter between points at facades of buil@iogacilitate 2D interpolation of the
observation points). In vertical direction (considg z coordinate) all points are located at 2
meter distance from each other.
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Points parallel to road surface Points along height of building
on horizontal direction on vertical direction

Figure 3: (a) spacing of points in horizontal and grtical direction on facades of building, (b) obseration
points to be used as basis for interpolated noisersace

The total number of points generated (in ArcSceves around 16,800, see figure 3 (b). The
resulting point density is rather high for noisenguter models, although appropriate for the
densely built study area. Calculation time was ptaide because of the relatively small size
of the study area. Further optimisation of the dgref observation points was therefore not
necessary but would be necessary in case of a larga.

3.4 Generating a noise surface by interpolating seilevels

The noise surface was built by interpolating néésels at known 3D observation points, only
taking X,y coordinates of points into account, using 2D interpolation. The 3D analyst tool
of ArcScene was used to generate the noise suifaeee is no standard spatial interpolation
method that can deal with the logarithmically redhe of noise levels with distance.
However there were some prerequisites that motiviite selection of Triangular Irregular
Network (TIN) for the interpolation. If noise lexsebn facades are calculated with noise levels
above the road or above buildings errors are inired due to the high variance in noise level
on facades of building. This high variance in 2[2.(hoise changes quickly with x,y distance)
is a result of the effect that noise levels arewated in the noise computer model based on
3D distance. When projecting these observationtpam2D, sudden change in noise levels
occur on a relatively short distance. TIN only &kie closest three observation points into
account (distance measured in 2D) when calculatioige level at any unknown point,
avoiding that noise values above roads and buitdicontribute to interpolated values on
facades. Therefore TIN was selected as interpolanethod. To proof the assumption that
other spatial interpolation methods are less slétalso experiments were done with Inverse
Distance Weighting (IDW), Natural Neighbourhood afdging. For an explanation of the
principles and advantages and disadvantages of mdelpolation method, see Watson
(1992).
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3.5 3D noise impact study

After the interpolation the noise surface is drapedr the 3D city model to generate the 3D
noise map. This is done in ArcScene. The noiseasaris made transparent so that the
buildings can be seen through the surface. Alsdotws are generated which are extended
towards 3D by draping them over the city height slodsing this methodology the 3D noise

map is easy to construct and suited for quantgatimalyses such as for finding noise hot
spots, calculating area that are effected by higlsenlevels, and estimating population

annoyed by noise. To improve the reality look \attteality functionalities could have been

applied such as textures (see also Wing and Kw20@6). One should however realise that
the more realistic the visualisation looks the maceurate decision makers expect it to be.
This expected accuracy does not always coincidéd tié intended accuracy of the noise
representation. The 3D noise map is used as iopgaantify noise impact in 3D using basic

spatial analysis tools in ArcScene.

4 Results

In this section the results of the 3D noise mappaesented. Section 4.1 presents the results of
the noise calculation. The 3D noise map is assdassséction 4.2 and the improvements of
the 3D noise map compared to the 2D approach asepted in section 4.3 by applying it to
some aspects of a noise impact study.

4.1 Accuracy of noise calculation

The offset of 0.1 m for points on facades introduae error, which was analysed to see if the
error is acceptable. At a distance of 5 m fromdbetre of the road the error is £0.7 dB(A)

which is only minor compared to the calculatedetighce of 10 dB(A) between noise levels
at the top and bottom of the building (see figure 4

Figure 4: Observation points near buildings with canputed noise levels

Furthermore this difference is not audible for harbaings. For general noise impact studies,
where the selected SCM1 method is designed fos, ittaccuracy is acceptable. However
when complying with noise limits a minor differenceuld be relevant and other more
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accurate calculation methods should be applied.stated before an accurate calculation
method is not the aim of this research

4.2 Results of the 3D noise map

To assess the accuracy of the interpolated noi$acg cross validation was applied (Davis,
1987). Observation points were removed before polation and interpolated values on these
points were compared to values calculated by theersoftware. This yielded a mean error of
0.3 dB(A) and was therefore also acceptable. Thigies that 2D interpolation can be used
for building 3D noise map.

The result of the 3D noise map integrating the exaarface using the TIN interpolation
method and the 3D city model is shown in figurd-fam figure 5 it can be seen that the 3D
noise map is able to properly process and visudhge 3D output of noise calculation
software. The 3D representation offers insight thi®impact of noise at any particular height
on the terrain surface and on facades of buildihggh noise levels occur on road surfaces
and low noise levels occur on top and backsideudfiimgs.

LEGEND
Noise levels (dB)
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Wet03-67%
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Figure 5: 3D noise map obtained with TIN interpolaton

2D noise contours (interval of 1 dB(A)) were gemedaand projected on the city model to
extend them towards 3D. The IDW noise surface veseated with power 2, search radius 2
m, and cell size 0.1 m. The cell size of 0.1 m wlagsen to cover the high point density on
facades of buildings when only considering x,y camates. Contours from TIN interpolation
method and IDW interpolation method at facadesuidings (location with highest variance
in noise levels) are shown in figure 6 (a) respetyi 6 (b). Noise observation points are
shown as well.
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Figure 6: Noise contours of two interpolation methds projected on 3D city model

As expected IDW interpolation produces irregulantoars. This does not reflect the real
noise behavior since noise levels reduce similavith decreasing distance if no other
variables, such as noise barriers and absorptiopepties, are met or changed. On the
contrary TIN contours do show straight contours,cas be seen in figure 6 (a). Other
interpolation methods (Natural Neighbourhood anijikg) yielded similar results as IDW.
These irregular IDW-contours were found on locatiomere noise reduces very fast with
distance (when only considering x,y) representechigiy point density, as is the case on
facades. IDW (as the other alternative methodgpsed on one search radius for the whole
area, by which values on roads and above buildingsised for calculating values at facades.
This causes the faulty effects on locations wheisenreduces very quickly with distance, as
shown in figure 6 (b) and 7 (b).

TIN takes only three observation points into ac¢ominen calculating a value at an unknown
location. It is appropriate for situations with higoise variance represented by high point
density because it generates more triangles widtive small areas at these locations (see
figure 7 (a)). As a consequence noise levels oades are calculated based on observation
points on facades only and it is avoided that otzgEm points on roads and above buildings
contribute to interpolated values on facades. HExplains why TIN is the most optimal
method for generating the 3D contours for the 3B@onap, using 2D interpolation applied
to 3D observation points.
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Figure 7 (left): TIN can deal very well the spatialirregularly distribution of observation points on facades
of buildings, (right) results of noise contours basd on IDW (viewpoint is from above in both examples

4.3 Results of applying 3D noise map to noise impstady

The results of the 3D noise map with respect torawed 3D functionalities were tested by
applying it to different aspects of noise impactdsts. The aspects that are addressed here
are:

. Assessing reduction of noise levels by noisei&ar

. Estimation of population annoyed by high noiseele

Assessing reduction of noise levels by noise harrie

A 3D noise map was produced with the methodologgcdeed in section 3, using
information on seven fictious noise barriers inesrdo assess the 3D impact of several
characteristics of noise barriers. Figure 8 shaduwes impact of the different noise barriers
varying in height, width and distance from the ro@dtails of the different barriers are shown
in the bottom left of figure 8.
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Figure 8: Effect of noise barriers represented in B noise map

The first three barriers (a), (b), (c) are of he¢ighm and located at a distance of 3 m, 6 m,
respectively 9 m from the road. As can be seenguré 8, the effect of the barrier reduces
when the distance of the barrier to the road iremeaFurthermore it shows that there is no
effect of the barriers on higher floors.

The next three barriers (d), (e), (f) are of diietr heights (2 m, 3 m, and respectively 4 m)
and located at equal distance of 5 m from the rBaglire 8 shows that noise reduction due to
the noise barriers increases when the height dbaineer increases. Still no effect of the noise
barrier is found at higher floors. Barrier (g) aated where there is no building. Barrier (g)
shows therefore the effect on the ground surface.

Table 1 shows the noise impact on the facade obthleling just behind barrier (a) with
height 3 m and located 3 m from the road. Fromttiie it can be seen how the noise barrier
reduces noise levels at different heights. Thig cdgdy shows that a noise barrier should be
high enough and sufficiently close to the road aveha reducing effect for all floors. A 2D
map representing noise levels at only one heigbt dem) cannot provide this information. In
case of 2D map, noise levels on lower floors cduddoverestimated and on higher floors
underestimated.

Height above the Without noise With noise barrier Effect
ground surface (m) | barrier (dB(A)) dB(A) dB(A)
2 59 38 -21

4 58 41 -17

6 56 44 -12

8 55 46 -9

10 53 48 -5

12 51 51 0

Table 1: Noise levels at different heights on fac&dof building
with and without noise barrier (a) as indicated infigure 8
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Estimation of population annoyed by high noiseleve

For estimating population annoyed by noise, thesictamed threshold of annoyance is 55
dB(A). This noise level is considered as hazardopgqWHO, 1999). Table 2 shows the
comparison of annoyed population estimation usidgh8ise map (taking floors of buildings
into account) and using a 2D approach at a heifjdtro For the 3D noise map calculation,
population numbers were assigned to 3D points anthe 2D approach, population numbers
were assigned to 2D points. These points are selestsuch a way that they coincide with
centres of living units. Based on the number ofytajon points covered by surfaces with
high noise levels in 3D case and by areas with mgise levels in 2D case, population
annoyed by noise was estimated.

The results in table 2 show that annoyed populat@iculated using the 3D noise map is
considerably less than using the 2D noise map. iBhi®cause in case of 2D assessment all
floors are considered to be effected by the sanmerevel, even though the noise levels are
calculated for one specific height (i.e. 4 m). éality there are several floors above 4 m and
only one floor below 4 m. Floors above 4 m are @éd by lower noise levels than at 4 m
(when there is no noise barrier) since noise ledelsrease with distance from the road and
therefore with height. Consequently the 2D assessmesults in an overestimation of the
number of annoyed people. From this case studgnthe concluded that the 3D noise map
analysis provides a much more accurate estimafi@miwoyed population than the 2D noise
map analysis.

Noise map used Population in numbers
2D noise map 11000
3D noise map 7200

Table 2: Population annoyed by noise levels > 55 ¢{B)

5. The accuracy issue of noise modeling

Accuracy can be defined as “the extent to whiclestimated data value approaches its true
value” (Aronoff, 1991). In case of addressing aacyraspects of noise modelling, the whole
process of a noise application - from data colbectind prediction to applying it for a specific
purpose - should be taken into account. Accuracyfisenced at each operation such as
during generation of observation points, spacing points, noise calculation, spatial
interpolation and analysis. It is not useful to pifort in improving accuracy of calculated
noise levels, if these levels are only used in doatibn with low-resolution data on
population for global impact assessment.

In noise applications, accuracy of three outputs isterest:

1. Accuracy of output of the noise calculation noeth

2. Accuracy of interpolated noise surface

3. Accuracy of output of noise impact assessment

In this section, we will elaborate on how accureslgtes to these three outputs in respectively
section 5.1, 5.2 and 5.3.
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5.1 Accuracy of noise calculation method

The noise calculation method used in our reseascépecifically designed to assess overall
noise impact in simple situations. If more accuiafermation is needed, a more advanced
calculation method can be used, for example na@kmiation method 2 (SCM2). In SCM2 all
factors affecting noise levels including reflectiand obstruction of sound between buildings
are taken into considerations. However the disatdggnof this method is that it requires high
computation. In addition it is a time consuming @@ch to collect all detailed input
information. Since SCM2 vyields more accurate nédesels, SCM2 is applied when more
accurate noise levels are needed, for example moplgowith noise limits by insulating
houses. Since much money is involved in the ingradf houses it is important to precisely
indicate which houses are exposed to high noissdev

5.2 Applying surface and 3D interpolation to impre\accuracy of noise surface

In the research presented in section 3 and 4, plsitachnique was used to generate the noise
surface, since the aim was to show how noise imgtucties can be improved when a 3D
noise map is used instead of a 2D noise map. Adfhdhe error analysis showed that the
results of our approach are acceptable, an imponixt step is to improve the accuracy of
the 3D noise map. This can be accomplished by appl.5D and even 3D spatial
interpolation to the output of noise calculatioxpEriments were done with the interpolation
method of Boissonat and Fl6totto (2002), implemenie CGAL to interpolate noise levels
over a surface. However a closed surface is formvétl the algorithm which is not
appropriate for the city model in our study. In didd also experiments were done to produce
a solid model of noise levels by interpolation ofse levels in 3D. A noise surface following
the terrain can be selected from this solid modejdnerate the 3D noise map to be used as
input for 3D noise impact studies. This sectiorsprés the results of the solid model.

Observation points for 3D interpolation

For the full 3D noise representation a 3D rastgyaifts was generated covering all space
between and touching buildings. For 3D interpolatipoints can have same X,y but different
z coordinates. Therefore it was not necessarynerngée points with offsets as shown in
figure 3 (a). The 3D points are distributed evemith equal intervals in both horizontal and
vertical directions (2 m) in ‘lines’ parallel toglroads. Noise contours are expected to be
parallel to the roads and data points locatedgattern parallel to the road can reflect this
behavior most optimally. Obviously care was takehta place points inside buildings,
because buildings act as blocking objects in thdehand these points would produce low
levels which are not representative for the levelshe fagades of the buildings. The total
number of observation points is 19,500 (16% moaa ih case of only locating points on the
terrain surface).

3D interpolation

Currently very few commercial GIS software systgmvide tools for 3D interpolation.
Some of the software systems that do offer 3D jprtiation tools are GOCAD,
Environmental Visualization Systems (EVS), Rockv&i®RASS and FIELDS. Most of
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these software systems are for hydrology, geoch@ngeophysical, geotechnical or lithology
studies and they are based on borehole data. 3e sadtware systems the solid model
algorithm is implemented to interpolate attribugdues from depth intervals of strata such as
soil, rock, or ground water. Therefore these cadtibe used to interpolate point data as
produced by the noise software. It should be nthtaetGRASS does offer point based
interpolation tools. However after some initialttewith GRASS software (GRASS-5.4), it
was concluded that it could not be used in ouraiesedue to the limitation of input data
points (maximum of 700 points), which is expecteté¢ solved in next version of GRASS.
There are also examples of non-commercial softicaris developed by individuals aiming at
specific purposes. Since most of them are megmitaewe concepts in scientific research, it is
hard to reuse the code. An example is the 3D NaNemhbourhood interpolation method
implemented in Delphi language by Ledoux and Chpiser (2004). This technique was
tested in our research. The code is able to per8rimterpolation but since the amount of
input and output data is limited, it could also hetused in our research.

Finally the FIELDS software (Field Environmentaldon Support tools, extension of
ArcView 3.5; FIELDS, 2007) was applied successfullpur research. In the 3D IDW
method implemented in FIELDS the searching elligdmdyis used to find the known points
that will contribute to the interpolated value. @3tance is used to determine the weights of
the known points. The 3D IDW interpolation was penied with IDW power 2 and with
maximum points of 10 in each ellipsoid-body. Theelssize chosen for the solid model is 2
m because this reflects the distance between dadsampoints. As in 2D IDW, the
disadvantage with this method is when the dataesagreatly in one dataset because a fixed
major and minor radius of ellipsoid will not necassty be appropriate everywhere in the
dataset.

The result of the 3D interpolation is a solid modiich can be analysed by slicing the
model. Due to limitation of software it was not pitde to select a surface representing noise
levels following the terrain. Therefore it was patssible to display the 3D city model
together with the results of the 3D solid noise gl@hd to use it to produce a 3D noise map.
However, it was possible to clip the model using plolygon layer of roads (figure 9).
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Figure 9: Volumetric view of noise levels on the rad surface of study area

Longitudinal and transverse cross sections of iv@@se representation were generated and
are shown in respectively figure 10 (a) and (bpnkiFigure 10 it can be concluded that the
3D noise representation clearly shows the pattEnoige levels above the road surface in all
directions. Using this model noise propagatiorhie¢ dimensions can be analysed; Figure 10
(b) shows high noise levels at the middle of tredrand gradually reducing noise levels with
increasing 3D distance from the centre line of road

Figure 10: Cross sections of the solid noise modéh) section AA in figure 9; (b) section BB in figue 9

Cross validation was carried out to assess theacgwf the interpolation. The results
showed that mean error of 3D IDW interpolation noetlre very low when compared to
mean error of 2D IDW interpolation method (0.000@8®pared to 0.27). However the
values are hard to compare since the approacHes idisome fundamental aspects such as
the cell sizes. Larger cell sizes tend to averadees leading to closer results when
performing cross-validation.
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From our experiments we can conclude that a 30l sntidel reflects the three dimensional
character of noise in all dimensions, not onlyloaterrain surface. Therefore the 3D model is
specifically suited for noise experts to improvsigit into 3D noise propagation and the way
this behaviour is implemented in current noise cotepmodels.

Future research can focus on how to convert theenleivels from the solid model into an
environment where the noise levels can be combimtdother spatial and non spatial data to
perform noise impact studies. Concerning the FIEIdbBware, there were no tools available
for spatial analysis with the solid model, genex@t8D noise contours, and to create neither a
noise surface nor 3D contours following the terisainface.

5.3 Accuracy of noise impact study

In the two examples of noise impact studies desdrib section 4, it was shown that in
certain situations noise impact assessment usiyjr@ise map provides more accurate
results than using a 2D noise map. This is bectngs8D noise map facilitates distinguishing
between noise impacts at several heights.

In that respect the results of our study show @3 approach gives relatively more accurate
results when 3D effects of noise are relevant. Hawneas in 2D, it is important to perform
error-analysis by considering the accuracy ofrgllit data to be able to determine the
absolute accuracy of the noise impact resultsekample postal areas are often used as
population distribution source, providing globadres on annoyed population. In an initial
stage of an infrastructure construction projeathsal global assessment may be sufficient. In
a latter stage, more detailed and accurate rewigdist be necessary. In both cases however
results should be accompanied by information desgiaccuracy of the results, in order to
assure that global results are not misused toqe#ailed measurements for reduction of noise
levels.

6. Conclusions

In this paper a research was presented that showsrhpact studies of continuous spatial
phenomena, such as air pollution, soil pollutiod anise, can be improved by applying a 3D
approach to the output of software that predices gpatial phenomenon on 3D observation
points. In the study noise is used as example.

In section 2 the demand for a 3D approach of niomgEct studies was described based on a
review of existing approaches. In section 3 a ng@pr@ach was proposed in order to
appropriately address the 3D aspect of noise wisraNsing and assessing impact of noise.
The proposed concept was proven by applying itdamaple noise impact study in section 4.

A 3D noise map can be generated by integration 8Dacity model with a noise surface
representing noise levels on a terrain surface. pr@ducing the noise surface, TIN
interpolation was applied to 3D observation poiftee noise surface and generated noise
contours were draped over the 3D city height madebbtain a 3D noise map. From the
results it can be concluded that this approacheseits purposes also with respect to the
accuracy required by the specific application, Whis visualising and quantifying overall
noise impact in 3D where 3D effects are relevant.
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The 3D noise map offers insight into the 3D noigaasion where 2D noise maps have
limitations. Current noise simulation software altg has a 3D approach in predicting noise
levels. The 3D noise map provides the possibilityattually process and visualise this 3D
information. As a result more accurate assessmienbise impact is possible in particular
when different floors of a building close to noiseurces or noise barriers are considered,
which is specifically relevant in urban environmefince a 3D noise map is easy to
‘understand’ they are also beneficial for commutidca purposes with the public in city
planning processes.

The noise application in this research specificallms at improvement of the overall picture
of noise impact. Therefore improving the accuratycalculated noise levels for specific
locations was not the main concern. However sirmmeiracy is an important issue in noise
modelling, a section was dedicated to improvingueacy of noise calculation, of
interpolation by applying a 3D interpolation methahd of noise impact studies. From the
experiments with 3D noise interpolation, it candoacluded that the results look promising.
Although a method to extract a noise surface osenaontours following the terrain is still
lacking. Such a surface and these 3D contours fbencore of a 3D noise map. Ambitions for
further improving accuracy are obviously supporteg the authors but not without
emphasising the need for error assessment andnpagea of the uncertainties in all phases
of the process, also with respect to the purpdsestudy has to serve.

The methodology presented in this paper can beiegpgb other continuous spatial
phenomena as well so that it meets the more gepeyhlem of how to represent 3D aspects
of environmental impact studies.
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