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Abstract. Identifying the risk of traffic noise is vital in minimizing traffic noise pollution in urban
areas. As noise travels in every direction, 3D visualization of traffic noise is essential, which involves
visualising traffic noise along the facades of buildings. A standard traffic noise model is necessary
to calculate traffic noise levels, as several factors affect traffic noise. Moreover, designing noise
observation points in 3D and spatial interpolation play significant roles in 3D noise visualisation.
Therefore, this study demonstrates the results by elaborating on the spatial interpolation and
designing noise observation points. A noise observation point consists of four parameters in 3D
space. Generally, Inverse Distance Weighted (IDW), Triangular Irregular Network (TIN), and
Kriging do not support the interpolation of four parameters in 3D. However, 3D Kriging in Empirical
Bayesian Kriging provides significant opportunities to interpolate noise levels in 3D. However, the
elements of the function of spatial interpolations are vital for accuracy. The 3D Kriging uses different
variograms according to semivariance. This variogram directly impacts the weighting factor of 3D
Kriging. Therefore, this study develops a comparison to identify the impact of different variograms
on the accuracy of 3D Kriging interpolation on traffic noise.

1. Introduction

Road traffic noise pollution is 90% of noise pollution in urban cities, while the other 10% comes from
industrial and commercial proceedings [1,2]. Traffic noise pollution depends not only on the vehicles
and flow of traffic [3,4]. Several physical and environmental factors are affected by traffic noise
pollution. The number of vehicles, the type of the vehicles, the speed of vehicles, noise reflectance of
buildings and barriers, noise absorption by the ground, and weather conditions are the main influences
on the visualisation of traffic noise [5,6,7]. Therefore, a standard traffic noise equation is the main one
to identify traffic noise levels [8]. Collecting noise levels in everywhere is not a possible task, and it
may be time-consuming task [5,7]. Therefore, adopting spatial interpolation is prominent to visualise
traffic noise levels in 3D space. Extending from 2D to 3D is a need for advanced spatial applications
[9,10,11]. In particular, 3D traffic noise visualisation is integrated with a 3D building model and noise
is visualised along the facades of the buildings [12,13]. The design of 3D building models and the design
of noise observation points (Nops) along the facades are the main components of spatial interpolations
[14]. In particular, a simple building model, such as Level of details (LoD1) is enough to visualise 3D
traffic noise along the facades of buildings [15,16]. 3D noise contours and 3D voxels are vital for
visualising traffic noise levels in 3D [17]. However, there is an issue of visualising traffic noise using
voxels using IDW, TIN, and Kriging [18]. However, combining the multidimensional geostatistical
layer of 3D Kriging gives a significant access to visualise traffic noise levels using 3D voxels [19].
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1.1. 3D Kriging

Kriging is a geostatistical method. It means that correlation of observed values is taken as a quantity.
Kriging is vital for interpolating clustered data and a large size of data [20]. The correlation of observed
points denoted by the semivariance. Semivariance is the decrease of the similarity of the interpolated
values with the observed values with the distance [21]. The fitted model for this semivariance is called
a variogram. Furthermore, the surface of the Kriging interpolation depends on which variogram is
selected for the function of spatial interpolation as well as number of points and the search radius [22].
3D Kriging is an Empirical Bayesian Kriging, this means, error of the variogram is automatically
calculated during the process. Not like 2D Kriging, the 3D Kriging supports interpolating 4 parameters
in a 3D space. It means that multidimensional 3D Kriging generates 3D geostatistical layers along the
vertical direction [23]. Thus, 3D Kriging is vital to interpolating Nops in 3D space. Moreover, Empirical
Bayesian Kriging is performed by embedding with environment using the geostatistical wizard.
Throughout the process, input points, configure parameters, and cross-validation (prediction error) of
interpolated surface and input points are vital. This process investigates the cross-validation (prediction
error) of results is the same as empirical Bayesian Kriging in 2D. The 3D Kriging facilities allow
geostatistical layers along the vertical axis by changing the z coordinate [24]. Thus, this scenario can be
adopted to interpolate Nops along the vertical direction. Figure 1 shows that the 3D Kiriging
geostatistical layers move in the vertical direction [23].
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Figure 1. Geostatistical layers in 3D are visualised as 2D transects.

1.2. Elements of 3D Kriging

The vertical and horizontal movements in the data values of the environmental process is vital for 3D
Kriging. Furthermore, these moments change slowly along the same elevation [21]. However, it changes
quickly as the elevation decreases or increases. Therefore, interpolating road traffic noise levels in 3D
is applicable for 3D Kriging. In this case, to predict a new value, how data values move vertically and
horizontally, an elevation inflation factor. This means that the horizontal coordinates the same and the
points are stretched along the vertical axis [23]. Then, to make the values for the unknown, the stretched
coordinates are used. If no inflation factor is provided, a value will be determined using the maximum
likelihood method during the processing time. The aim is to select an inflation factor in which the
observed values of the stretched points change at the same horizontal as vertical rate [23]. Figure 2
illustrates the stretching of points in 3D [23]. Furthermore, stretching the values along the vertical
direction like this allows us to estimate the semivariogram and assign correct weights [25]. Moreover,
vertical trend removal is also vital in 3D Kriging. The order of the trend removal parameter can be
adopted to eliminate the linear trend in the vertical direction [23,26]. When the elevation inflation factor
focusses on the rapidly changing values along the vertical direction, the linear trend corrects for
changing values of data as the elevation decreases or increases. Generally, order one of polynomial [27].
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Figure 2. Points stretched in 3D.

1.3. Variograms of 3D Kriging

The semivariance of observed points (known points) is considered in 3D Kriging [21]. The model fitting
for this semivariance is called selecting a variogram for that. However, the error of the variogram (model
fitting) is automatically calculated in 3D Kriging. Power, linear, thin plate spline, exponential, whittle,
and k-Bessel are the main variograms used in 3D kriging [22]. Therefore, identifying the best variogram
is vital for interpolating values in any geographical application. There are two Kriging methods:
universal Kriging and ordinary Kriging. In universal Kriging, it shows this scientific justification. This
means that universal Kriging is only used when there is a trend in a data and if scientific justification
can be made. For example, if it considers modelling air pollution modelling by a deterministic function
by a polynomial [28]. The original measured points are subtracted by this polynomial function, and the
correlation is modelled from random errors. When the model is fitted to the random errors before
performing the interpolation, the polynomial function is added back to the interpolation to show accurate
results. However, ordinary Kriging is widely used for spatial interpolation. It assumes a constant mean
for the unknown value [20]. However, this assumption is a reasonable unless there is a scientific
rejection. Identifying the best suitable 3D Kriging variogram is vital for any application. This study is
conducted to identify the best suitable Kriging for visualising road traffic noise in 3D space. The main
objective of this study is to identify the performance of 3D Kriging for traffic noise visualisation in 3D.

2. Methodology

2.1. Study Area

This study is carried out to identify the performance of 3D Kriging for traffic noise visualisation. In
particular, the influence of the variogram on the accuracy of the 3D Kriging interpolation on the
interpolation of road traffic noise levels was examined. This study's scope is restricted to assessing how
different variograms affect accuracy. As a result, the number of points and the search radius are taken
as constants. However, noise observation locations are designed along building facades as grids, and the
spacing between each noise observation point is 2 metres, in order to maximize the accuracy of the
interpolation and visualization. In this study, a part of the inner circle area of Universiti Teknologi
Malaysia (UTM) was selected, which is located around the science faculty area. The location coordinates
of the study area are at 1°33'37.6"N 103°38'16.4" E and are located at UTM, Johor, Malaysia. Figure 3
illustrates the overview of the study area. According to previous studies and the verifications field, there
are higher levels of noise during the morning period. The study workflow is shown in Figure 4.



International Graduate Conference of Built Environment and Surveying 2023 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 1274 (2023) 012001 doi:10.1088/1755-1315/1274/1/012001

Figure 3. Overview of the study area (source: Google Earth).
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Figure 4. Workflow of the study.

2.2. Building model

The 3D building model was created by drone point clouds. Point clouds have been utilised in many 3D
city modelling research starting from data acquisition, modelling, and applications [29,30,31,32]. In this
research, a simple building model is used to visualise the noise level of road traffic. Therefore, the level
of details (LOD1) was used to build the modelling. Noise observation points (Nops) were designed in a
3D space along the facades of the buildings. The Nops were designed as vertical grids, and the distance
interval between the Nops is 2 metres. The designed Nops are shown in Figure 5.

2.3. Calculate the noise levels

For road statistical data, the number of vehicles for each category such as light, medium, and heavy
vehicles was collected by manually. The average speed of the vehicles was taken for each category. All
statistical data were collected from 7.30 am to 9.30 am on ten mornings due to there being a higher
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traffic flow during this time. Traffic noise levels were calculated to the Nops using the Henk de Kluijver
road traffic noise equation. The equation of Henk de Kluijver is shown in Equation 1 [14].

L(d B) =E+ Coptrek + Creflectie = Dafstand = Diucnt = Dbodem = Demote = Dharrier (1)

L(dB) is the traffic noise level. E is the traffic noise emission level. To calculate the value for the E, the
speed of vehicles, the type of vehicles (light, medium, and heavy) and the number of vehicles should be
observed in heavy traffic flow. Coprex IS the extra noise emission from accelerating and braking. Crefiectie
is the noise reflection of barriers and buildings. Moreover, noise reflection can be calculated by Equation

(2).
Creflectie= 1-5*F0bj (2)

Fobj is between 0 and 1, and it can be calculated from (%/%). The ? is the sum of angles subtended from
opposite side buildings and barriers, and ° is the total subtended angle [14]. The reason is being, the
buildings are located continuously in the selected area, and the ratio of ® and % was assumed to equal 1.
Therefore, noise reflection was taken as 1.5 dB. Equation (3) describes the Dyogem.

Dbodem=B [2+4(1-e-0.04r)*(e-0.65hw+ €-0.65(hweg-0.75)] (3)

The hweg is the elevation of the road from reference ground level and the hy is the elevation of the Nops
from the reference ground level. B is the road traffic noise absorption coefficient by ground. The Bis 1
for the completely covered grass, and for hard ground, the B is 0 [33]. B is 0.3 for the gravel grounds
[34]. The ground of the study area covered by grass ground and hard ground. Therefore, the noise
absorption coefficient of hard ground and grass ground was taken, respectively, to be 0 and 1. Dmeteo
represents noise reduction due to wind conditions. Equation (4) shows that. Noise mitigation by barriers
was not considered for the calculations.

Dimeteo=3.5-3.5€ (-0.04r/ (Nueg+hy+0.75)) (1.9) (4)

2.4. 3D Kriging and validation

3D Kriging in Empirical Bayesian Kriging was used to interpolate road traffic noise levels in 3D space.
3D Kriging provides facilities to interpolate four parameters in a 3D space. Furthermore, it provides
horizontal geostatistical layers along the vertical axes [23]. Thus, 3D Kriging provides 3D geostatistical
layers for 3D Nops. As elements of 3D Kriging, different variograms were used to check the accuracy
of the interpolation [35]. However, the elevation inflation factor was taken as default. This means that,
during processing time according to the Nop value range of Nops, the software assigns the inflation
factor using maximum likelihood. Moreover, the order of trend removal was taken as 1% order. However,
these 3D Kriging layers were combined with 3D voxels to visualise traffic noise levels in 3D [26]. The
voxels size was 0.5 metres. To verify the precision of the visualisation, the Root Mean Square Error
(RMSE) was utilised. Sound Level Meters (SLM) were set up in the building corridors. This indicates
that the first and second floors, as well as the second and third levels' margins, were formed by SLM.
The DEKKO SL-130 sound level metre was employed. The accuracy of this noise meter is 0.1 dB, and
noise levels were measured at ten (10) different locations. The recorded dB levels occurred during
perpendicular propagation from the road's centre line to the receiver. From 7.30 to 9.30 am on ten
mornings, noise levels were measured and average noise levels were recorded at twenty (10) different
sites. The noise levels at each of the ten (10) 3D voxel sites were then compared.
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3. Results and Discussion

Figure 5. Designing of noise observation points along the facades of buildings.

Table 1. RMSE of different variograms.

Variogram RMSE

Power 1.337

Linear 2.32

Thin plate spline 1.856

Exponential 1.724

Whittle 1.366

K-Bessel 1.126
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Figure 6. 3D Kriging K-Bessel variogram of road traffic noise voxels.
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Figure 7. Standard error of 3D Kriging K-Bessel variogram voxels.

The precision of the 3D interpolation of road traffic noise is used in the 3D Kriging. The autocorrelation
of the observed points is taken into account in 3D kriging. By using semivariance, this autocorrelation
is measured. The variogram, which has a decreasing correlation of points with distance, is the fitting
model for this semivariance. To fit the variogram model, there are important equations. As a result, these
variograms affect how accurate 3D kriging interpolation is. The variogram can be fitted to the
semivariance under the noise levels of Nops. Therefore, identifying the performance of the variogram
is vital for 3D interpolation. The 3D noise voxel denotes a 3D pixel of noise. Therefore, it is crucial to
extract front-pixel noise from roadways to identify road traffic noise levels along the facades of
buildings. Designing Nops with 2 metres distance is vital for the accuracy of the 3D interpolation.
According to the Henk de Kluijver road traffic noise model, the noise will decrease approximately 1dB
(A) while propagating 2 metres. Thus, maintaining a distance of 2 metres for Nops is prime. 3D Kriging
creates multidimensional 3D geostatistical layers between each set of Nops along the vertical direction.
The RMSE value of the variograms using 3D Kriging interpolations and sample noise measurements is
shown in Table 1. For the 3D road traffic noise interpolation, the K-Bessel variogram of 3D Kriging
produces a lower RMSE value and the linear variogram gives a higher RMSE value. Therefore, the K-
Bessel variogram of 3D Kriging voxels was used to visualise final noise levels of selected buildings.
Figure 6 shows the 3D road traffic noise from the K-Bessel 3D Kriging voxels. K-Bessel variogram
processing takes longer than other variograms. Additionally, a linear variogram processes data faster
than other variograms. Power and Whittle variograms provide average accuracy for interpolation.
Standard error can occur in the predictions. This means that the predicted surface 100% does not
coincide for the observation points. Then there is a standard error for the predictions. This standard error
is not a constant for the interpolated surface. Generally, identifying this standard error can be called
cross-validation of the interpolated surface (error of predicted surface and observed points). Thus, the
standard error for the prediction of the K-Bessel variogram interpolation is shown in Figure 7. According
to Figure 7, the standard error is higher when increasing the LoD (Level of Details) of the building.
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4. Conclusions

3D kriging offers the ability to interpolate four parameters in a 3D space, unlike conventional 2D spatial
interpolations. In other words, 3D kriging generates 3D geostatistical layers that act as horizontal planes
along the vertical axis. Furthermore, by mixing these geostatistical layers, 3D voxels can be produced.
Additionally, because 3D kriging uses empirical Bayesian kriging, the error of its variograms is
estimated automatically as it is processed. As a result, 3D kriging is essential for interpolating four
parameters, such as noise observation locations along building facades. The design of building models,
the design of noise observation points (Nops), the calculation of traffic noise levels, and the 3D spatial
interpolation are vital to the visualisation of 3D road traffic noise. The accuracy of the depiction of road
traffic noise depends on the representation of the building model in a 3D environment. Urbanised places
have many intricately designed buildings. On the side of the road, one structure may be hidden by
another. Therefore, this structure could serve as a noise barrier. Therefore, when calculating noise levels,
the noise propagation path should be taken into account. It implies that the real noise propagation path
and building barriers may differ. To visualise the levels of road traffic noise along the facades of the
buildings, it is also important to take into account the design of the structures. The distance between the
noise observation locations on the fagcade and the noise source might induce fluctuations in road traffic
noise levels along their curving surfaces. Nops consists of four parameters in a 3D space. Therefore, the
IDW, Kriging, and TIN spatial interpolation cannot be used directly to interpolate road traffic noise
levels in 3D space due to this interpolation directly supporting the interpolation of 3 parameters.
Furthermore, development for spatial interpolation should be inserted for these spatial interpolations.
However, 3D Kriging can be applied to eliminate the above-mentioned issues. Moreover, 3D kriging
can be combined with 3D voxels. Therefore, 3D kriging is vital to visualise. The K-Bessel variogram of
3D kriging provides higher accuracy for 3D surfaces. However, demonstration of the standard prediction
error for any interpolated surface is crucial to understand the distribution of prediction error of any
interpolation. Furthermore, the type of transformation, subset size, and order of trend removal were not
changed during the processing of this study. It can be suggested to identify the performance of 3D
Kriging with these elements. 3D visualisation of traffic noise levels along the facades of the buildings,
it is possible to detect noise levels. The World Health Organization (WHO) states that the maximum
permissible level of traffic noise is 55 dB (A). Therefore, urban planners can gain insight into the noise
pollution of urban areas through the 3D depiction of road traffic noise. To reduce the noise pollution
caused by vehicle traffic, it has been suggested in a number of earlier studies to build tree belts around
roadways. Moreover, this sample study's findings can be used to metropolitan areas to further evaluate
the 3D visualisation's accuracy. Future recommendations include comparing the accuracy of the
visualization with other road traffic models, including the CNOSSOS-EU model of the European Union,
the Federal Highway Administration traffic noise model (FHWA), the road traffic noise model (CoRTN)
in the United Kingdom, and the RLS-90 model of Germany. Furthermore, while RMSE is a common
validation method, the use of multiple validation methods could provide a more robust assessment of
the accuracy of the 3D Kriging method. The findings of this work can be applied to a variety of
geoscience applications that include four characteristics (a location and a geoscience incident value),
such as 3D visualization of air pollution and 3D visualization of subsurface water quality.
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