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Simulation of sound propagation outdoors  employing the DISIA/CITYMAP software package
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What is DISIA?

DISIA is a free software package, developed by Angelo Farina and IPSE in 1995. CITYMAP and DISIAPYR have been developed as part of a national DISIA project, financed by the CEE through the Italian Ministry of the Environment, called “Risanamento acustico delle aree urbane” ("Acoustic restoration of urban areas").
DISIA is the official simulation software of Italian Ministry of Environment and it has legal value as it is a national reference model.
The aim was to develop a simulation system easy to use for functionaries of public agencies (municipalities, provinces, universities, or ARPA) and not by designers or engineers who make noise impact studies using much more sophisticated and expensive software. 

DISIA allows you to calculate and study the interaction between the noise of the external environment and the surrounding buildings.

This package, in order to perform simulations of noise impact, uses a database of sound level measurements made in some Italian cities (Trieste, Mestre and Naples) which were chosen as sample cities. 
Since they are all port towns, they have a kind of older vehicles, and therefore the average noise level detected is higher than it would be in other cities, because over the years the cars become quieter.
So the project DISIA has provided a database of sound level measurements that show a noise average per vehicle slightly larger than it is in reality. Therefore it is not an international model, not guaranteed to work properly in other countries, where cars and roads are different as well as railway lines.

Not only roads and vehicles, but also the driving behavior can greatly affect the noise. For example, in northern Europe where people drive more slowly and with large distances between a vehicle and the next, and never use the horn, it is possible to measure about 3-5 dB less than in Italy.

DISIA is an Italian program, quite accurate for the type of roads and vehicles as well as for the type of behavior and the Italian type of driving.

The package DISIA is composed of different modules that allow you to perform editing and simulations, the most important module that allows you to perform simulations of noise impact using a very simple algorithm is CITYMAP.
How DISIA is made?



The acoustic computing system is made to interact with software, programs and databases already available. This block diagram shows the interaction between the various programs of the package, and the files that allow the exchange of information between them.
 Programs are marked yellow, files of interchange in blue and the results in green.
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Figure 1: DISIA block diagram.

All programs are part of the package DISIA except for AutoCAD and Surfer that are commercial programs. The basic components are:
1) AutoCAD (or other cartographic software)

2) Database of vehicle emission

3) CITYMAP

A. To enter input data
B. To process the received information
C. To create the maps of noise impact
4) Surfer

Let us now see what are the main steps to perform a simulation of noise impact:
· First step:

To start, you need the map of the city, which is usually an AutoCAD plan; all public institutions are usually already employing this for management of their territory. So we start from AutoCAD or other CAD cartographic programs, which is used to translate the cartographic information in a .DXF file readable by CITYMAP.
· Second step:

The next step is to calculate the equivalent level of emission, based on the unitary data emission (SEL) per vehicles,  stored inside the database "Vehicle Emission".

· Third step:

After that  you can save the set of geometric and acoustic information in a file .CMP (ASCII self-documented), which can obviously be reinterpreted from CITYMAP. 

· Fourth step:

At this point, if you want to operate a calculation of the noise map using this simplified algorithm, is still required to employ CITYMAP, which produces a .GRD file readable by Surfer, and containing the values ​​of the sound level on a rectangular grid.
· Fifth step:

Finally, the isolevel maps produced by Surfer, can be exported in .DXF files, thus you can overlay this to the original CAD plan to obtain the final graphic output.
The use of proprietary standards as performed by other commercial programs would not meet the requirements of technical institutions that are already involved in other aspects different by acoustics, and needed a software package that can be integrated within the tools already in use.

The start and arrival environment (Autocad) is already well known to technicians.

 In this way the acoustic study becomes part of other planning studies such as the study of electromagnetic fields, the study of chemical pollutants or the study of air pollution.


 As DISIA is based on the interaction of different software, it is necessary that all interchange files are simple editable text files and also the number format should be standard. Furthermore, since Surfer is an English program, you must use the English format for formatting numbers, dates, and time. It is recommended to change the Windows International parameters in English - Great Britain. With different settings, the program may give errors.
Finally, there are other additional modules such as DISIAPYR that is used as tracer of pyramids, which will not be discussed here.

The origins of CITYMAP
CITYMAP was developed in the 90's ,and is based on the SEL model of Professor Mario Cosa.
This is a model in which we keep completely separate the emission of the vehicles from the propagation model. This step is fundamental, because if you can manage separately the emission from the propagation, you can use the same emission values with different propagation models, or conversely you can use the same propagation model and load it with different source values (different type of traffic for example).
This allows a much easier evaluation of the environmental impact of new operas.
The emission values are SEL values which are experimental, so CITYMAP is not a theoretical model, but is a collector of experimental data. It is not a simulation software (it does not simulate anything) it is just collecting a huge amount of experimental data which are packed together to making the result at the receiver.
The current version is 3.1, in the web site pcfarina.eng.unipr.it/Public/DISIA/Download you can download version 2.5.

CITYMAP makes a very simple computation, it only computes the dB(A) value but it doesn't make single frequency band calculation, so it's not very accurate.

CITYMAP provides four types of different sources:
1) Roads
2) Railways
3) Areas of industrial emission
4) Point sources


The emissions database has been created in 1995, so you must expect that the noise level will be lower due to the technological evolution that makes vehicles quieter. 

The emission values were measured using portals that were equipped with microphones positioned equidistantly. Then through the use of multiple microphones positioned to form a semicircle it is also possible to get some information about the directivity of the source. 
CITYMAP doesn't use the information related to the directivity, that is instead used by DISIAPYR for making "detailed simulations".
Particularly for railways the directivity is definitely not omnidirectional, instead for road vehicles the omnidirectional model is reasonably good.
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Figure 2: On the left the microphone positions used for road vehicles, 
on the right the position for railways vehicles.
Each vehicle passing under the portal has produced a time profile, upon which we compute the Single Event Level.

The single event level depends only on the energy produced by the vehicle that reaches the receiver, and this is equivalent to the integral of the area subtended under this profile.
For both vehicles, the distance of the microphone M1 from the center of the vehicle has been fixed at 7.5m
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Figure 3: How to calculate the SEL on the time profile.
Different classes of road pavement, speed and vehicles were classified. The same thing was done for railways and trains identifying, also for this category, different speed ranges.
The following are the details of the individual categories:

1) Road noise
· Type of Road Surface


	Key
	Description

	A1
	Standard Condition: traditional bituminous flooring, zero slope.

	A2
	Traditional bituminous flooring, slope +5%.

	A3
	Traditional bituminous flooring, slope -5%.

	A4
	Cobblestone pavement, zero slope.

	A5
	Bituminous sound absorbing flooring, zero slope.


· Types of vehicles


	Key
	Description

	V1
	Passenger cars and commercial vehicles up to 5t.

	V2
	Medium commercial vehicles, with more than 4 wheels and 2 axles, suburban buses.

	V3
	Medium-duty commercial vehicles with 3 or more axles and total weight up to 10t.

	V4
	Heavy vehicles with more than three axles, with trailers or semi-trailers.

	V5
	Motorcycles.


· Ranges of speed
	Key
	Description
	Key
	Description

	C1
	0 < V ≤ 25 km/h during acceleration
	C5
	50 < V ≤ 70 km/h 

	C2
	25 < V ≤ 50 km/h during acceleration
	C6
	70 < V ≤ 90 km/h 

	C3
	0 < V ≤ 25 km/h during acceleration
	C7
	90 < V ≤ 110 km/h

	C4
	25 < V ≤ 50 km/h during acceleration
	C8
	V > 110 km/h 


The first four classes were fundamental in the 90's because needed to modeling what happens close to crossroads regulated by traffic lights, for the reason that the maximum noise level is when the vehicles brake or accelerate. Today, through the use of roundabouts, we should model using only the class C5 and above, even inside urban areas, as traffic lights almost disappeared in Italian towns, and no one is respecting the 50 km/h limit.
2) Railways noise
· Type of rails

	Key
	Description

	A1
	Long rails welded on railway sleepers

	A2
	Short rails with exchange / switch / crossing.



Actually in Italy only the type A1  is used because the interrupted rails are not in use anymore.

· Types of vehicles







    Ranges of speed

	Key
	Description

	V1
	Freight trains

	V2
	Short-haul passenger trains (fixed composition).

	V3
	Long-distance passenger trains (variable composition);

	Key
	Description

	C1
	V ≤ 60 km/h

	C2
	60 < V ≤ 90 km/h

	C3
	90 < V ≤ 120 km/h

	C4
	V > 120 km/h


Once defined the different categories and made measurements with all possible patterns, the average SEL values concerning road and rail vehicles were included in the database. Particular attention has been made for the SEL of railway vehicles because they may have different lengths. Obviously, the longer is the train the more it will be noisy. So before entering the SEL value into the database, it was normalized to a train standard length equal to 100mt.
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During the simulation it will be required to provide not only the number of trains and their speed, but also their length.

CITYMAP performs four steps to calculate the sound level at a given point of the environment:
1)  For roads, the emission sound pressure level, at the normalized distance of 7.5m,  is given by the energetic sum of the SEL values for the different five categories of vehicles (adjusted with 
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), multiplied by the number of vehicles passing (
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) during the period being considered (day or night), and divided by the period duration (16 hours for day or 8 hours for night).
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For railways the computation is substantially the same, the only difference is to take into account also the length (
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) of each type of trains.


[image: image11.wmf]ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

×

×

×

×

=

å

=

D

+

D

+

3

1

10

5

.

7

,

100

3600

16

10

lg

10

,

,

i

i

i

L

L

SEL

m

eq

L

N

L

i

pendenza

i

binario

i




2) Each road (or railway’s track) is then divided in segments, so that each segment is always shorter than half the distance from the receiver point being considered. Knowing the emission sound pressure level at 7.5m of the road (or track) we compute the total power level of the segment, having a length a, with the cylindrical field formula:
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Then we evaluate the spherical propagation over the distance d between the center of each segment and the receiver, taking into account a term that represents the air’s attenuation: the term 
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 where β is the coefficient of air absorption that increases with the square of the frequency. Thus it is not a simple geometrical propagation, but there is a further very significant loss, especially at high frequency, caused by this term β, which theoretically should be calibrated on humidity and temperature of the air, but in practice β is fixed to a static value.


[image: image14.wmf]÷

÷

ø

ö

ç

ç

è

æ

×

×

×

+

=

×

-

2

4

lg

10

d

e

L

L

d

W

eq

p

b


3) The calculation is repeated for every segment of every road or railway track, summing energetically the resulting contributions at the receiver 
4) If present, CITYMAP calculates the attenuation due to the shielding effect produced by noise barriers or buildings. In particular, the shielding effect caused by buildings situated along the road is considered using the simplified relation:
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The frequency f is assumed to be equal to 340 Hz, and the path difference 
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 is calculated as the sum of the two diffracted rays minus the direct path.
A Practical Example
The starting point is AutoCAD. We start by the import of a cartographic map which is in DWG format.
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Figure 4: Cartography in AutoCAD.
We create 6 essential layers: STRADE, BINARI, CASE, PUNTI, BARRIERE, SEZIONI. Obviously the layer STRADE will be the one on which we draw roads as well as the layer CASE will be the one on which we draw houses. The layer PUNTI will contain single computation points and the layer SEZIONI will contain the regions on which we want to perform the simulation. The names of these layers can be changed as desired by editing the configuration file Citymap.ini.
So we disable the layers not involved and draw PLINE or 3DPOLY on the layer STRADE associating a width characteristic for different type of roads (highway or normal roads). Next we choose the layer CASE and trace houses still using the command PLINE or 3DPOLY. We must remember that AutoCAD is a 3D modeling software, for this reason, the houses will all have to be drawn at the elevation where they actually are, for example, using the MOVE command and set the z variable. The calculation points are added on the layer PUNTI using the command CIRCLE. The barriers are drawn on layer BARRIERE and will be drawn at the correct elevation employing the MOVE command. To define the charting region we use the layer SEZIONI by drawing a PLINE to form a closed area.
Next we need to export our geometry for CITYMAP. All layers must be switched off except the ones you want to use for the simulation in CITYMAP. Then you can export the .DXF file with the command DXFOUT selecting only those objects that matter to you.
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Figure 5: Export the DXFOUT.
The .DXF file is a normal ASCII text file containing your geometry, the format is understandable both by CITYMAP and AutoCAD. This file must respect the agreement mentioned above for example to use only '.' to indicate decimal values.
After that you can import the DXF file in CITYMAP, and assign the data flow to road and railways.
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Figure 6: Import in CITYMAP.

You can also import a single layer from a .DXF file. For example, you can resume AutoCAD and add a barrier, at this point there is no need to re-import all the layers but it will be sufficient only to import the barrier just added.

We just have to add the flow data for roads and railway. By opening Dati di Traffico -> Strade a window will open where you can enter exact flow data, or use standard preset traffic data for roads and highways.
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Figure 7: Entering of traffic data.
At the end of this, the calculation can be carried out for points or for the particular region. In the calculation for points we can make a calculation only for the points included in the source layer. We can create a table containing the equivalent day / night level in those particular points. You can also set the year of the simulation because during year the emission of roads significantly reduced.
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Figure 8: On the left the simulation for point on the right the simulation using the particular region.
If you choose instead to make a calculation in the region imported onto the SEZIONI layer, it will be selected automatically the floor 1, and create a .GRD file  containing the result of the calculation. This software performs calculations very quickly, for example for Parma it takes an hour

To create isolevel maps it is sufficient to import the file you just created in Surfer. Surfer is a great product that also allows adding different color to differentiate the different levels.
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Figure 9: Import the map in Surfer

Finally we want to export this result to AutoCAD and over plot over the original chart. For doing that we export the map from Surfer into a new .DXF file and go back to AutoCAD where we can import this file. By re-enabling all the layers we get the drawing plotted over the colour map.
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Figure 10: The final result.

Conclusions

Citymap is an easy to use program, which requires very few input data, and allows to obtain isolevel  mappings  with  excellent  graphic detail  and negligible error.  It is estimated an error of approximately 
+/- 3 dB (A). 

The open nature of the software allows you to easily change the data files (they are all text files). Different type of driving and vehicle technologies has led to a decrease of about 3db from '95 until today. 

This can be handled by updating the emission data-base, which is separated from the calculation program.
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