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Abstract: Investigation results relevant to the implementation of algorithms for calculation of
noise maps are presented in this paper. The aim of implementing the algorithms on a computer
cluster is explained. Selected implementation details of the software called Noise Propagation
Model are described. The software interaction with the data acquisition system is presented.
Noise maps obtained using the described software are presented. A comparison between the
outcomes of the implemented models and the simulation results of a commercial program
is presented. An analysis of the computation efficiency is described. A discussion concerning
dynamic presentation of noise maps is also presented.
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1. Introduction

It is required under the European legislation the noise mapping is presented
to the public [1]. The way of dissemination is not determined, however, the
act states that the most appropriate information channels should be selected.
The dynamic development of information technologies which can be observed
in recent years, mainly related to the Internet, wireless communication and
multimedia computers, enhances the opportunities of applying new technologies
in the field of widespread noise hazard assessment. Many efforts have been made
by numerous groups to develop noise mapping solutions which has resulted in
the development of specialized software. Such systems are based on the noise
source and propagation modeling, and they have been applied in most of the
large European cities.

The European Commission Working Group Assessment of Exposure to
Noise recommends that the data used to assess sound emissions and thereby to
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carry out strategic noise mapping should reflect the average calculated over the
continuous period of twelve months of a relevant calendar year. The map prepared
for such input data is very general and does not provide detailed information
about the real noise, for example in the last 24 hours. Therefore, a concept of
the dynamic noise maps has appeared. Such maps would contribute more to
the field of public noise pollution awareness than their strategic counterparts
defined by the European Directive 2002/49/EC. That is because the dynamic
maps, being regularly updated and based on measured and accurate data,
present comprehensive information on the acoustic climate in a given area. The
measured data comes from the system of multimedia noise monitoring which
has been developed in the Multimedia Department of the Gdansk University of
Technology [2, 3]. The data is acquired through a grid of monitoring stations
equipped with sensors deployed in significant locations in the city. This data
contains noise source parameters required by the numerical model.

The new quality of the frequently updated noise maps, obtained through
employing numerical methods, requires that the computation speed problem
should be solved. The dynamic noise map is used to present the sound level
distribution in a given moment of time. It would take a very long time to calculate
such a map for a city area using an ordinary personal computer. This time may
exceed the period within which the map should be updated and in consequence
render the originated map invalid. A reduction of the computation time requires
the application of multiprocessor computers. Most of them are running a Unix-
like OS. Commercially available computer applications designed for the purpose
of noise mapping usually work with the MS Windows operating system. Having
the above problems in mind, the authors needed to develop their own source code
of the software for the acoustic field distribution computation and to use open
source programming libraries for this purpose. The algorithms for calculation of
noise maps were implemented in a parallel programming environment on a cluster-
type supercomputer. Thus, it is possible to generate noise maps in a reasonable
time and publish regular updates in the Internet.

The results of the investigation of the implemented software for calculation
of the noise level distribution in urban areas are presented in this article. The
discussed outcomes include the dependence of the calculation time and the number
of the applied cores, and a comparison with a commercial application. At the
beginning of the paper some implementation details of the software are presented,
including a description of the methods used for modeling and the connection
between the data gathering system and the software.

2. Numerical solution methodology

The noise map computation software implemented on a computer cluster
is a part of a complex solution designed for environment monitoring in cities,
called the Multimedia Noise Monitoring System. The system consists of many
autonomous, universal monitoring stations, a server which processes and stores
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the data, a supercomputer which calculates the noise map and a web server which
presents the noise map.

Currently, the system gathers information about the road traffic which
provides the input data for the noise source model, since in most cases the road
traffic is the prevailing source of acoustic climate disturbance. The system is
based on a grid of noise monitoring stations. These devices comprise a miniature,
industrial PC and a set of sensors to acquire the sound pressure level, along with
the associated traffic parameters. Using wireless communication, the data acquired
by the grid in question is transferred to the system database at regular intervals.

Each sensor set includes obligatorily a microphone and a camera. The
method for acquiring traffic data is based on an analysis of the camera video
stream. The main aim of the traffic monitoring is to provide the processed data
including noise source parameters. Sophisticated algorithms including Gaussian
Mixtures are used to extract the number of vehicles passing by, and their
velocity [4, 5]. Vehicles are classified into the desired category groups (mainly
according to the utilized source model) also by the traffic monitoring element.

The monitoring stations send the analysis results to a database within
a period of one minute. Moreover, the measured quantities, averaged for a period
of 1 hour, are collected in order to match the input and the output of the numerical
road noise source model. When a request for the noise map update is made, the
software gets the current traffic parameters from the database to the road noise
model and the computation process starts.

The numerical computation of the noise level generated by the traffic
requires that one of the source models is used. In the European Union, the
recommended road source model for EU member states which do not have their
own model developed is NMPB-96 [6]. In 2004, the Harmonoise project was
completed and one of its results was the road noise source model conception. The
Harmonoise model [7, 8] was intended to be the one model for European Union
state members, and it was designed to replace all different European models.
This model uses detailed input data and all calculations are made in 1/3 octave
bands. Moreover, the sound emission and propagation are completely separated. It
assumes that two separate models for vehicle and traffic have to be distinguished
to estimate the noise emission from a linear source representing a road. The
vehicle model, describing the sound power of a single moving vehicle, uses the
velocity as the input data and returns the sound power output for a specific
vehicle type. Each vehicle is represented by 2 noise sources located at different
heights. The traffic model, combining the noise emission of numerous vehicles
to calculate the sound power per one-meter length of the linear source, provides
a statistical description of the sound power output of the total traffic flow. The
Harmonoise model assumes a division of road vehicles into categories according
to their weight and number of axles. The input data concerning traffic has to be
provided in 3 categories (for light, medium and heavy vehicles). Corrections can
be applied for different pavement types, tires, road topography (slopes), traffic
lights, and source directivity.

tq4131-g/365 2712010 BOP s.c., http://www.bop.com.pl


http://mostwiedzy.pl

/\/\ MOST WIEDZY Downloaded from mostwiedzy.pl

366 A. Czyzewski and M. Szczodrak

Based on the sound power output for a single moving vehicle (Lyy,, i), the
average vehicle speed and the traffic flow, the total sound power output L@sz
of each different source height on a unit length road section, in the ith 1/3 octave
band is defined by:

Qmvo
/ L= L m.i 101 T AANA~A Y 1
wom,i = Lw,m,i +10log (1000Q0veq,m W

where

vg — the reference vehicle speed (1 km/h),
Veq,m — the equivalent vehicle speed for vehicle category m [km/h],
Qo — the reference traffic flow (1 h=1),
Qm — the traffic flow for vehicle category m [h™1].

The total sound power output of a unit length road section is obtained by
summation over the different vehicle categories, given by:

Wi = 10logz 100 Lwim.i | @)

The main engine of the discussed noise mapping software is the propagation
model which employs the acoustic ray tracing method [9, 10]. The propagation
model computes the total sound level in a grid of points which are called receivers.
The propagation method [11, 12] describes the attenuation between each source
point and a receiver point. In a real atmosphere, the sound propagation is affected
by a number of factors including absorption of sound in air, non-uniformity of the
propagation medium due to meteorological conditions, and interaction with the
absorbing ground and solid obstacles (such as barriers) [13]. The general formula
representing the sound level at a certain point is given by:

L,=L,—20log(r)—114+D— Ay —Ag  [dB], (3)

where

L, — sound pressure level [dB] (ref. to 2-107° Pa),
L,, — sound power level [dB] (ref. to 10712 W),
r — the distance from the source to the receiver [m)],
D — directivity index [dB],
Aaps — atmospheric absorption [dB],
Ap — excess attenuation [dB].

The total excess attenuation Ag is a combination of all propagation factors,
that is: the meteorological conditions, influence of the ground, vegetation, other
miscellaneous effects.

The algorithm uses a concept of sound propagation paths representing
schematic, straight-line tracks of sound waves a number of factors affects. Point
to point (from the point source to the point receiver) sound propagation paths
are obtained by a segmentation linear source, resulting in mutually incoherent
point sources. The short-term, equivalent sound pressure level Leqin,; at a certain
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receiver position is calculated by summation over a number of point-to-point
contributions from N propagation paths, according to:

N
Lequni = 10log » _10Fearin/10, (4)
n=1
where Leqin,i,n — the short-term, equivalent sound pressure level caused by source
segment n (represented by a point source with source power output Ly ).

As has been mentioned, the road source model and the propagation model
were implemented using some free programming tools and open-source libraries.
Supplementary libraries were used: CGAL [14] for geometry primitives, Tar-
dem [15] for importing geographical data, PointToPoint [16] for calculating sound
attenuation. Both the road noise model and the propagation model were imple-
mented as one standalone application in the C4++ programming language.

The hardware employed for computations is a computer cluster installed
in the TASK. Academic Computer Center located at the Gdansk University of
Technology. The theoretical computational power of the cluster employing 1344
quad core processors reaches 50 TFLOPS. The real efficiency measured in HPL
(High Performance LINPACK) test is 38.17 TFLOPS. The computational capacity
makes it the fastest computer in Poland and in the region.

Owing to the employed method of computing sound emission level based on
emission and propagation it is possible to obtain a noise level at each given point
of the area independently from other points. The usage of the MPI programming
standard significantly increases the overall software performance, as all available
computer cluster cores are equally charged in this case. The algorithm of parallel
processing is shown in Figure 1.

The grid of points in which the noise level should be calculated is the
most important input data for the software from the point of view of the
overall computation time. A specified number of cluster cores participating in
the computation represents a hierarhical structure. The master core manages the
data flow and the communication within processors. It distributes the work task
to slaves and waits for the results. The work task is defined here as a demand for
computing the sound level at one point. The computational process stops when
all tasks have been processed. The output data obtained in this way present the
noise distribution in a specified region and are recorded in the database.

3. Results

This section presents the results of exploiting of the implemented algo-
rithms. The first experiment concerns the noise map generation speed, especially
the dependence of the computation time and the number of the engaged cluster
cores. The second experiment estimates the whole city noise map update period.
The last subsection shows a comparison of the noise map achieved by the imple-
mented algorithms with the map obtained using commercial software.
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Figure 1. Algorithm of parallel computation of the noise map on a supercomputer

3.1. Dependence of computation time and the number of
engaged cluster cores

The calculations were carried out for different fragments of the city map
of Gdansk. The dimensions of both the considered areas were 1600 x 1600m
with a raster of 8 x 8m, providing 40401 points to calculate the sound level.
The following main parameters of the propagation model were set: reflections
of the 15t order, search ray — 2000 meters, reflected ray — 1000m, the distance
between following rays — 2 degrees, and the building sound reflection coefficient —
0.8. The input data for the software consisted of a geometrical description of roads
(5116 road segments) and buildings (91200 buildings), the traffic volume (fixed
for all road segments: 3000 light vehicles/h, 100 medium heavy vehicles/h and
50 heavy vehicles /h) and the vehicle speed (50km/h for all categories). All other
parameters in the program were set to the default values, i.e. stone mastic asphalt
pavement type, uninterrupted traffic flow, zero slopes on routes. The ground type
for the whole area was set to 20 000kN-s-m~* in the first case (representing asphalt
or concrete) and 80kN-ssm~* in the second case. The output maps presented in
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Figure 2. Noise map No 1 for road source, area 1600 x 1600 m, raster 8 x 8 m,

ground: concrete
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Figure 3. Computation time of noise map No 1

Figure 2 and in Figure 4 are showing sound level L4 g, averaged for 1 hour.
Figures 3 and 5 depict the dependency of the computation time and the number

of computer cores for each map.
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Figure 4. Noise map No 2 for road source, area 1600 x 1600 m, raster 8 x 8 m, ground: grass
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Figure 5. Computation time of noise map No 2
The observations show that the computation time decreases proportionally
with the increasing number of the applied cores. Each doubling of the compu-

tational power makes the computation last 2 times faster. The dependence is
described by equation y= Az ' in each case, with correlation coefficient 1.
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One of the measures of efficiency of the parallel program is a speedup
coefficient defined in the following equation:
T(n,1)
T(n,p)’

S(n,p) = (5)

where

n — task size,
p — number of cores,
T(n,p) — time of execution on p cores.
Theoretically, the software should achieve a speedup coefficient close to p.
The speedup coefficient can be also determined on the basis of the experiments
which were made for checking the dependence of the computation time and the
number of the engaged processor cores. The obtained values are shown in Table 1.

Table 1. Computation speedup coefficients for maps No 1 and No 2

Number Map No 1 Map No 2
of cores Coirilgl\étglon S(n,p) Cortrsrpr)ll;tz[xst]lon S(n,p)
64 33249 63.8 30731 63.5
128 16630 127.5 15254 127.9
256 8296 255.5 7634 255.7
512 4150 510.8 3812 512.0
1024 2070 1024.0 1909 1022.4

Because the computation time for 1 core would be very long, the numerator
T'(n,1) has an estimated value which represents the worst case, according to:

T'(n,1) =min(t1 64,t1,128,%1,256,t1,512,61,1024) s (6)
where t1 , is the computation time on p cores multiplied by p.

3.2. Estimation of the whole city noise map update period

In the process of creating a dynamic noise map, the key question concerns
the computation time of the acoustic field distribution for the whole considered
city. The experiment was carried out in order to examine the speed of calculation
of the noise map for a large area of 9600 x 9600m. The spacing of receivers,
8 x 8m, resulted in 1442401 points to process. All propagation model settings
and the input data were the same as in the 2 previous experiments. With 2032
cores applied, the computation lasted 11.2 hours. The resultant noise map is
presented in Figure 6.

The above observation makes it possible to estimate the computation time
for the city of Gdansk which covers an area of 265km?. If the square shape is
assumed, the side length is then 16.3km. Since the scale between the area sizes
is 2.87, the computation time is 32.2 hours. Thus, the map for the whole city
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can be updated every 48 hours using 2032 cores. If the period is shorter, more
computational power will be required.

It is important to stress that the implemented software is not optimized in
any way, nevertheless, it operates in 1/3 octave bands and uses a precise source
model the intermediate computations of which consider 3 noise sub-sources for
each road segment.
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Figure 6. Noise map No 3 for road source, area 9600 x 9600 m, raster 8 x 8m,
ground: concrete

3.3. Comparison with commercial software

The noise maps obtained using the implemented algorithms were compared
to those obtained by commercial software CadnaA 3.7 [17]. The software makes
it possible to use a variety of models for different noise source types as well as
a number of environmental standards. The calculations were made employing
the NMPB-96 model as the Harmonoise road noise source model is not yet
available in this software. The propagation was calculated according to the
ISO 9613 standard [18]. The total noise level at a given point on the city
map was derived based on the acoustic ray tracing method, similarly like in
our implementations. The maps for the road source are depicted in Figure 7
and Figure 8. The layer containing the municipal infrastructure (roads and
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Figure 7. Noise map, CadnaA

buildings) is also shown. The grid of the noise level values calculated on the
supercomputer was imported to a commercial program in order to present the
results in a standardized way. The main sound propagation model parameters
were set in both programs as follows: reflections of 15t order, the search ray —
2000 m, reflected ray — 1000m, the distance between following rays — 2 degrees,
and the building sound reflection coefficient — 0.8. The input data for both
programs consisted of a geometrical description of roads and buildings (5116
road segments and 91200 buildings). The road traffic parameters were fixed for
all road segments and consisted of 3000 light vehicles/h, 100 medium heavy
vehicles /h and 50 heavy vehicles/h, cruising at 50km/h. All other parameters in
both programs were set to the default values, i.e. stone mastic asphalt pavement,
uninterrupted traffic flow, a slope of zero degrees for every road. The ground type
for the whole area was set as hard (representing asphalt or concrete) as detailed
data were unavailable at that time. Some inconsistencies in the ground type

tq4131-g/373 2712010 BOP s.c., http://www.bop.com.pl


http://mostwiedzy.pl

/\/\ MOST WIEDZY Downloaded from mostwiedzy.pl

-
T
-

374 A. Czyzewski and M. Szczodrak

e
EEH o

Figure 8. Noise map, algorithms

setup were noticed. The commercial software implements strictly the ISO 9613
standard ground attenuation model, where G =0 coefficient means hard ground,
and the implemented model uses a more detailed flow resistivity parameter the
value of which was set to 20000kN-s-m~*. The output maps show sound level
L4 gq averaged for 1 hour. The differences between the sound level values are
presented in Figure 9.

The noise level values at each point of the grid were subtracted in order
to achieve exact differences, and then quantized to the desired ranges. The
commercial software indicates greater results near the road borders and in case
of a large distance from the source as can be observed on the difference map.
The largest differences between the models reach 4 to 6dB near high buildings
and their aggregation surroundings. The propagation part of the implemented
algorithms in this test case overestimated the sound attenuation. It is worth noting
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Figure 9. Difference map CadnaA —algorithms

that the commercial program has more parameters to set, e.g. concerning the
maximum source-receiver distance, the search radius source distance, the search
radius receiver distance. Moreover, the noise source models are different, because
the Harmonoise model is not yet available in the commercial program and the
NMPB-96 model was utilized.

The computation time is also compared. The presented map was calculated
within 1928s by a supercomputer using 1016 cores. The commercial program
was running for 497015s on a 8 core server. The processor in both cases was Intel
Xeon Quad-Core 2.33 GHz, 12MB L3 Cache.

4. Conclusions

The issues presented in this paper constitute a contribution to extend the
engineered Multimedia Noise Monitoring System [19] by a possibility of creating
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dynamic noise maps. The achievement of the intended aim was divided into three
stages: partial project, implementation and running of the propagation model and
implementation of the noise source model.

The application of a supercomputer in the process of creating a dynamic
noise map makes it possible to achieve the result in a reasonable time. The
experiments carried out show that a noise map for the whole city of Gdansk
can be effectively refreshed every 48 hours. However, the update period in case
of a constant number of the input data is dependent on the area size and the
computational power.

If the future work focuses on expanding the number of monitoring stations
the system will allow for indicating a real noise threat in a city area and help to
produce credible noise maps of larger urban areas. The railway noise source model
that has been recently implemented in the parallel architecture will be tested.
Moreover, the software functionality can be further extended by coordination
with a data acquisition system when an extraction of parameters of noise sources
originating from trains will be made.
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