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ABSTRACT 
This paper shows the actions and the results related to Dynamap project Task B5.1. Aim of this task is the 
calculation of basic noise maps for the urban pilot area (district 9 of Milan). Data acquisition and processing 
are the preliminary activities with the aim to create the digital model of noise sources and the noise 
propagation environment. Road traffic data have been analyzed and developed in order to divide road 
segments in groups, gained by action B1 (Sizing the monitoring network) results. Each road segment group 
have been associated with different basic maps. A total of six basic noise maps were calculated from six 
scenarios. Difference between scenarios are in relation to the group of roads modeled. Before the calculation 
of the basic noise maps some calculation runs were performed to determine most suitable calculation 
parameters. In the first round, traffic flow condition was considered “continuous” for all road stretches and its 
influence in the simulation was verified. The occurrence of traffic congestion conditions during 24 hours was 
analyzed in relation to different values of the traffic flow/capacity ratio to calculate specific basic noise maps 
that will be used in typical time intervals in which the traffic jam occurs. 
 
Keywords: Noise maps, Road traffic noise I-INCE Classification of Subjects Number(s): 52.1, 52.3 
(See . http://www.inceusa.org/links/Subj%20Class%20-%20Formatted.pdf .) 

1. INTRODUCTION 
This paper shows the procedure to define the simulation model project in order to create the basic 

noise maps related to Milan pilot urban area in Life+ Dynamap project. Dynamap is a Life+ project 
aimed at developing a dynamic noise mapping system able to detect and represent in real time the noise 
impact due to road infrastructures (1). The project primary idea is to scale the noise levels of 
pre-calculated (basic) noise maps created using traffic source groups distinguished by the daily traffic 
temporal profile; basic noise maps were scaled starting from noise levels measured by low-cost noise 
monitoring stations (2). The following paragraphs describe the activities related to this procedure 
(Dynamap project task B5.1): data acquisition, analysis and elaboration; the creation of simulation 
layout; calculation parameters definition and basic noise maps elaboration. In the end, a model 
accuracy analysis and an evaluation of the effects on the noise levels simulation by a variation of 
traffic flow conditions (continuous flow or interrupted flow) are done. 

2. PILOT AREA DIGITAL MODEL 

2.1 Study area 
Dynamap project preparatory actions identified the pilot areas that are the territorial zone where to 

test the feasibility of real time noise mapping. In urban context the district 9 of Milan Municipality has 
been selected as pilot area. This zone has been modeled to calculate basic noise maps (Figure 1). 

The selection of the pilot area related to the city of Milan was accomplished using a procedure 
specifically developed for the project. The procedure was applied to nine territorial areas 
corresponding to the districts of Milan Municipality, providing as final output a ranking list showing 
the scores assigned to such area as a function of a number of weighted attributes associated to them 
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(such as extension, number of citizens, noise exposure levels, linear road length). District 9 is located 
in the north part of Milan and it has a population of about 180.000 citizens. From an acoustic point of 
view, it was classified as a critical area. The strategic noise map prepared for the second round of END 
shows that 40.000 citizens are exposed to Lden values higher than 70dB(A). The population of district 
nine is mostly annoyed by road traffic noise. As a matter of fact this area is characterized by major 
roads used by commuter traffic from the densely populated northern suburbs of the city. Furthermore, 
the selected pilot area includes two sensitive sites to be protected from noise as the greatest hospital in 
Milan (Niguarda) and the university district of Milano-Bicocca. 

 
Figure 1 – Pilot area selected as urban test site for the Dynamap project and ranking list 

2.2 Data collection and creation of digital model for basic noise maps 
In order to calculate basic noise maps data were collected to define the pilot area digital layout. 

Shapefiles retrieved were imported and edited through QGIS, an open source Geographic Information 
System (4). In detail, shapefiles represent following elements: terrain (height point and height 
contours), buildings (height, use classification), population (aggregated with civic number), green 
areas (fields and parks) and roads. Data were imported in the noise predictive software after they have 
been processed in the GIS software. Digital data were linked to noise simulation parameters like 
absorption and traffic flows in order to calculate noise levels. Part of the digital layout of urban pilot 
area data were collected from projects used to create Milan strategic acoustic map according to END (5,  
6) but they were updated considering the possible modification occurred. Figure 2 shows 3D rendering 
of pilot area digital model. Due to the fact that Dynamap project is now strictly related to road noise 
representation, road infrastructures are the only noise sources simulated in the model. However noise 
maps real time updating is based on acoustic measures influenced by also other noise sources. To avoid 
this noise contribution, La Salle University Dynamap partner is developing an algorithm, named 
ANED, in order to detect anomalous events and noise levels generated by other sources (7). Road 
traffic input data were gained by a distribution traffic model developed by AMAT. In this model, to 
every road segment the following information were associated: hourly traffic flow for 24 hours, traffic 
composition by two vehicles typologies (light and heavy), maximum capacity (static information).  
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Figure 2 – 3D rendering of pilot area digital model 

The approach used in the project to update the maps is called “map scaling and sum approach” (8). 
This approach is based on the possibility to classify noise sources on the basis of their time history. 
Each group of noise sources (roads) that contain elements with a similar 24 hours temporal profile 
contribute to one basic noise map. Every basic noise map is updated in function of an experimental 
noise level (measured by low cost sensors in the pilot area) emitted by a singular road source classified 
in a specific group. Then basic noise maps are scaled on the basis that roads of the same group have the 
same noise levels variations in time. The global map is the sum of the real time updated basic noise 
maps. The methodology to define road groups is a specific Dynamap task, Action B1 “Sizing the 
monitoring network” described in (9) and (10). The procedure to calculate basic noise maps brought 
the definition of six acoustic model projects. The difference between them consists only in the 
elements of the noise source modeled. Each project reproduce only the road associated to one specific 
group defined by Dynamap action B1. All the projects are characterized by the same propagation 
environment (buildings, terrain, ground absorption). In figure 3 the roads distribution in the six groups 
is showed. The association to a specific group is based on the value of the logarithmic daily traffic flow 
(named LogTT). 

 
Figure 3 – Road segments distribution 
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3. BASIC NOISE MAPS CALCULATION 

3.1 Calculation parameters and basic noise maps 
Acoustic computations were performed on the basis of the European standard algorithm for the 

vehicular traffic noise calculation (XPS 31-133/NMPB algorithm) implemented in a noise predictive 
software. Before calculating the basic noise maps some calculation runs were performed to determine 
most suitable calculation parameters. The values assigned to the main calculation parameters ar e 
shown below: 800 m for max search radius, 1 for number of reflection, 0,0 for default ground 
absorption, 1,0 for green areas ground absorption, 10x10 m for receivers spacing, 4,0 m receivers 
height, “continuous” for traffic flow condition and traffic speed value according to speed limits. 

Due to the fact that in an urban context there is frequently the condition of congested traffic, an 
event that brings clearly a modification of the vehicle noise emission, an evaluation of the effects on 
the pilot area has been done. Two types of calculation were done, according to input parameters 
provided by XPS 31-133/NMPB algorithm: the first one represents the regular traffic flow condition 
(continuous) while the second one represent the congested traffic flow (interrupted). The second 
condition were activated in all the road segments that have a traffic flow/capacity ratio greater than 1.0. 
Sensitivity model analysis described in (11), done in the specific Dynamap project action, is the basis 
used to assign to the traffic continuous condition a speed value equal to the limit value and for the 
interrupted traffic condition a speed value of 30km/h. The time interval used to simulate basic noise 
map coincides with rush hour of the morning (8:00-9.00). This time interval has been selected because 
is the most significant related to the difference between the two traffic scenarios. Figure 4 shows the 
road link classification (8:00-9.00) for congested scenario where road are divided in “continuous 
roads” and “interrupted roads”. 

 
Figure 4 – Road segments traffic flow conditions (h. 8:00-9:00) 

Figure 5 shows the six basic noise maps for time interval (8:00-9.00) for continuous traffic scenario. 
Figure 6 shows the global map. Simulated maps were exported in raster format (ASCII grid format). At 
the moment the file format of the dynamic noise map have not still selected. Acoustic model and GIS 
software consent to use both raster and vectorial formats. The final choice will be made as soon the 
specific software and hardware requirement for the updating system are defined. 
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Figure 5 – Basic noise maps of Milan pilot area, continuous traffic flow (h. 8:00-9:00) 
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Figure 6 – Sum of basic noise maps of Milan pilot area, continuous traffic flow (h. 8:00-9:00) 

3.2 Influence of traffic flow conditions and model accuracy evaluation 
To evaluate the influence of congested traffic condition inside the acoustic model project a 

difference between the two previous described scenarios has been done. The difference  is calculated 
between the two simulated maps, one with the “interrupted traffic flow” for road segments 
characterized by traffic flow/capacity ratio value greater than 1.0, and the other with the “continuous 
traffic flow” for all road segments, representing normal traffic condition. The graphic in Figure 7 
shows the results of the analysis. The histogram reports that the majority of the simulation grid, formed 
by about 210000 receiver points, has a difference of less than 1.0 dB (LAeq,interrupted – LAeq,continuous). 

Besides this comparison, an evaluation of the difference between the hourly LAeq values in interval 
(8:00-9:00) measured during Dynamap preliminary action (12) and the simulated LAeq values 
calculated by acoustic model in the same points has been done in order to calibrate the digi tal model of 
the represented area. Table 1 shows the results with measured and estimated values for receiver points 
(estimated LAeq – measured LAeq in brackets). Analysis of the results (Table 1) saw that only in two 
receiver points there are significant difference between the two scenarios (congested traffic and 
regular traffic). Instead, the comparison between measured and simulated levels saw that the minor 
difference is always related with the regular traffic scenario. Results demonstrate also that Dynamap 
project model has a good accuracy because simulated LAeq levels and measured LAeq have a mean 
squared error of 1.4 dB (st. dev. 1.3) for regular traffic scenario and 1.7 dB (st. dev. 1.5) for congested 
traffic scenario. 

Actually a decision regarding the use of the two types of basic noise maps has not been taken. An 
example could be the substitution of the “regular traffic” basic noise map with the “congested traffic” 
basic noise map during rush hour time intervals. The results of the analysis show that there is not a 
significant difference between the two model approach. The future development of the project 
calculation will consider also the methodological framework CNOSSOS-EU (13) that does not consent 
to select the traffic flow condition. 
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Table 1 – Measured noise levels and estimated noise levels in different traffic flow conditions (8:00-9:00) 

Site Measured LAeq, dBA 
Estimated LAeq, dBA 

(continuous traffic flow) 

Estimated LAeq, dBA 

(interrupted traffic flow) 

1 71.4 73.4 (+2.0) 73.9 (+2.5) 

2 69.2 71.3 (+2.1) 72.8 (+3.6) 

3 66.7 69.5 (+2.8) 69.5 (+2.8) 

4 62.9 62.8 (-0.1) 62.8 (-0.1) 

5 73.6 73.5 (-0.1) 73.5 (-0.1) 

6 61.4 61.5 (+0.1) 61.5 (+0.1) 

7 71.9 72.7 (+0.8) 72.7 (+0.8) 

8 71.0 74.3 (3.3) 74.3 (3.3) 
 

 
Figure 7 – Map of noise levels differences between interrupted traffic and continuous traffic scenarios 
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Figure 8 – Measurement sites selection for model accuracy evaluation 

4. FINAL REMARKS 
Inside Dynamap project basic noise maps are the first elements in the developing of the real time 

updating acoustic map. Through the procedure presented in this paper, defined by an integrated use of 
GIS and acoustic model an accurate digital model of the pilot area has been created . This digital model 
has permitted the definition of the six basic noise maps. The results and the analysis done in this 
project action will support the decision making process regarding the updating procedure for real time 
map and will help to define corrective actions in order to improve the pilot area digital model accuracy.  
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