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Abstract— In this paper measuring and modelling of acoustic 

parameters from different type of sound sources (point, surface, 
line) under the influence of surroundings and propagation 
conditions are discussed thoroughly. The potential influence of 
different reflection surfaces around sound source and around 
imission points, the reflection from surface below direct 
propagation path and the influence of meteorological conditions 
are considered regarding measurement and modelling results 
accuracy and precision. Three different case studies are presented 
with respect to the measurement and modelling results. The point 
source installed on a building window and imission point near and 
on the façade of neighbouring object, the unmanned aerial vehicle 
(drone) above asphalt and grass and a local road and railway as 
line sound sources are considered. It can be noted that different 
ways of choosing an input measurement parameters (for example 
location in standing wave field at some frequency, the reflection 
surface of plane below sound source, the influence of residual 
noise) can have significant influence on obtained measurement and 
modelling environmental noise parameters results.  

Index Terms— environmental noise parameters, sound source 
surroundings, propagation conditions, modelling and 
measurements. 

 

I. INTRODUCTION  

The environmental noise has become a significant 

problem in European urban regions and suburban regions 

near industrial plants, windfarms or highways. Recent 

studies from the World Health Organization (WHO Europe) 

[1] proved a direct relationship between noise and health 

risks. "Environmental noise causes at least 10 000 cases of 

premature death in Europe each year". There are even more 

increased noise levels of total noise from other sources in 

village environments like wind farms or industrial plants. 

There are available standards for measurements 

assessment, description and modelling of environmental 

noise parameters [2, 3] from different type of sources and in 

different complex environments.  

The sound power of the sources can be estimated from 

the measured sound pressure of the source usually above the 

reflecting plane and assuming full reflection [4]. The main 

assumption in this kind of measurements is that the sound 

intensity can be calculated from measured sound pressure 

assuming plane wave approximation which is definitely not 

accurate at shorter distances from the considered source. 

This causes the increased measurement uncertainty 

(expanded measurement with two side interval k=2 and 95% 

probability coverage for A-weighted levels U=±3dBA) in 

determination of sound power from measured sound pressure 

levels. Even when the sound source power is known it can be 

quite challenging to determine sound pressure in complex 

environment depending on the source and measurement 

position.  

There exist many noise prediction models for the 

different types of noise sources: road (NMPB-2008, Nord 

2000, Harmonoise, CNOSSSOS-EU), railway (RMR-SMR 

2/1996), aircraft (CNOSSOS-EU) and industrial sources 

(ISO 9613-2:1997, CONCAWE). Each model has their own 

specifications regarding data quality and validity of 

application and this fact can be an issue when one tries to 

compare results obtained by each of them. The modelling is 

restricted to the input data obtained in the desired frequency 

range (usually in octave bands from 63 Hz to 8 kHz) or just 

for A-weighted values. The accredited laboratories which 

usually measure and model the environmental noise 

parameters are assessed according to the Standard ISO 

17025:2017 which examines their employees, procedures, 

measurement equipment etc. (see Figure 1). 

 

 

 

 

 

 

 

 

 

 

  

 

 

Fig. 1. Accreditation of laboratories according to ISO 17025:2017 

The purpose of accreditation is to unify procedures for 

laboratories in different situations present on the field. 
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II. THEORETICAL BACKGROUND 

  

 Initial measurements or modelling of background noise 

without the noise from new source(s) like industrial power 

plant, wind farm or air conditioning, however with present 

other types of noise sources (road, rail and air traffic and 

other sources) can be done according to ISO 1996-2:2017 

and ISO 9613-2:1997.  

When a new source is present it is necessary to check the 

specification of calculated environmental noise parameters 

according to the limit values proposed by national 

legislation. In different countries different parameters (rating 

levels obtained from measurements or calculation with added 

adjustments due to tonality or impulse characteristics of 

noise source) are compared with limit values. The scheme 

for comparisons without and with the source is shown in 

Figure 2.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

Fig. 2. The scheme of measurement of environmental noise parameters 

before the installation of the new source and after the installation at four 

possible measurement positions 

There are four possible measurement positions at 

imission point. The first position is “free field” where there 

are no other objects, in front of the façade and on the façade 

with appropriate corrections. The influence of measured 

positions on the obtained rating values from industrial 

sources are shown in Figure 2. 

Furthermore, there is an influence of the surroundings 

near the source like grass or asphalt surroundings which can 

significantly increase the level of sound pressure with the 

same acoustic power of the source.  

III. CONSIDERED MEASUREMENT SITUATIONS 

 

 The four measurement situations are considered in this 

research and explained in the following sections. 

A. Industrial point source 

Firstly, the point source has been installed on the building 

window and the sound pressure levels are measured in front 

and on the façade in front of other building. 

The measurement situations and influence of the 

measurement positions on the obtained rating levels at 

different frequencies is shown in Figure 3. 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. a) Measurement situation with point source and immision points b) 

Difference between obtained parameters at immission point on the façade 

and in front of the facade   

It can be noted that correction of 3 dB is not correct 

for all frequency components for broadband noise. In 

addition, the tones have appeared due to standing waves in 

the frame of windows. The other measured parameters with 

experimental measurement uncertainty are given in Table 

1.:  

LA,eq,source=55 dBA
               ,0 dBA

LA,eq,source=58 dBA
               ,0 dBA
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LAeq (dB(A)) - A-weighted equivalent sound 

pressure level (corrected to free field conditions) when the 

source is turned on and off; 

L95 (dB(A)) - time and A-weighted value exceeded 

in 95% of considered time interval; 

L1 (dB(A)) - time and A-weighted value exceeded 

in 1% of considered time interval; 

LC,peak (dB(C)) - C-weighted peak sound pressure 

level;  

LZ,eq- Z-weighted equivalent sound pressure level; 

Lweighted,min,max - frequency weighted maximum and 

minimum levels, 

 The aforementioned parameters at two different 

measurement positions are shown in Table 1. Experimental 

uncertainty is calculated from standard deviation in 

repeatability conditions by using equations (1) and (2).  

  (1) 

 

   (2) 

The averaged value is calculated by using Eq. (3) where 

logarithmic average is considered from results obtained by 

repeating measurements in repeatability conditions. 

 

  (3) 

TABLE 1. DIFFERENCE BETWEEN A-WEIGHTED SOUND PRESSURE LEVELS 

AND OTHER MEASURED PARAMETERS  AT TWO DIFFERENT POSITIONS (ON 

THE FAÇADE AND IN FRONT OF THE FAÇADE) 

Label AVGpos1 upos1 AVGpos2 upos2 

Difference of 

mean (upos1 -
upos2) 

L
Aeq 

(dBA) 58.1 0.2 59.0 0.2 -0.9 

L
95 

(dBA) 57.6 0.2 58.3 0.2 -0.7 

L
1 
(dBA) 59.5 0.5 60.0 0.2 -0.4 

LC,peak(dBC) 80.0 0.7 79.4 0.5 0.5 
LZeq (dB) 64.7 0.3 65.6 0.3 -0.9 

Lceq (dBC) 64.3 0.2 64.3 0.2 -0.1 
LA,max (dBA) 59.7 0.3 61.3 0.4 -1.5 
LA,min (dBA) 57.1 0.2 58.0 0.2 -1.0 
LZ,max(dB) 71.5 0.8 73.4 1.3 -1.9 
LZ,min(dB) 62.2 0.2 62.7 0.2 -0.5 

 

B. Levitating drone  

The drone levitating in the anechoic chamber, above 

grass terrain and asphalt has been considered with the 

purpose to find sound power and its detectability at some 

longer distances. 

The measurement situations for determination of sound 

power from measured sound pressure levels in two points 

around the sound source are shown in figure 4.  

 

Fig. 4. Measurement situations for sound power determination of 

levitating unmanned aerial vehicle from sound pressure levels a) general 

sitations b) two considered situations c) obtained results for sound pressure 

levels in one third octave bands 

 

It can be noted that sound pressure level at higher 

frequencies is increased due to influence of the reflections 

from asphalt. This has been incorporated in a model for 

calculating the sound power from sound pressure level and 



 

estimating the sound pressure level at larger distances from 

the source. The equation for estimating sound pressure 

levels from known sound power and all effects taken into 

account is given with Eq. (4): 

 

  (4) 

  

where Lw is sound power level from the source, r is 

distance from the point source, 11 (dB) is correction factor, 

D is directivity factor depending on the surroundings where 

the source is located or directivity of microphone array and 

α is the attenuation factor due to atmosphere.  

 

C. Highway Road as line source- modelling results 

The case-study considers a road with enough high 

number of vehicles for a constant flow. In this case we can 

assume that the road can be observed as a line source [5]. By 

knowing the number of vehicles, the sound power per length 

can be calculated as well as sound pressure levels at desired 

immision point.  

 If a steady traffic flow of Qm vehicles of category meters 

per hour is assumed, with an average speed Vm (in km/h), the 

directional sound power per meter per frequency band of the 

source line LW’, eq,line,I,m , is defined by using  Eq. 5. 

 

LW’,eq,line,I,=LW,I,m +   (5) 

 

In equation (5) LW,I,m  is the instantaneous directional 

sound power in “semi free-field” of a single vehicle. 

LW’,eq,line,I  is expressed in dB. These sound power levels are 

calculated for each octave band from 125 Hz to 4 kHz [6]. 

In addition, the noise levels emitted by the engine 

component and the rolling noise component from one vehicle 

have to be taken into account to obtain the line source power 

per length and this is shown in Eq. 6 where:  

 

Lw/m/veh = Lr,w/m "⨁"  Lm,w/m                  (6) 

 

Lr,w/m is the component of Lw/m/veh assumed to be emitted 

by the contact between tire and road (rolling noise 

component) and Lm,w/m is the component of Lw/m/veh assumed 

to be emitted by all vehicle mechanical sources (engine 

component). "⨁" represents the addition of noise levels as an 

energy sum of levels. 

The modelling situation with road as line source, 

reflecting objects and influence of terrain is shown in Figure 

5.   

 

Fig. 5. Modelling situation for determination of sound pressure levels 

from line source at different positions and  results of modelling 

 

The input parameters (flows and average velocities for 

different vehicles categories: light and heavyweight) and 

calculated sound power levels for two different traffic noise 

models are shown in Table 2.a) and 2.b). The type road 

correction for sound power is chosen as R3 [which is the 

worst category regarding the noise reflection from the road 

surface. The most frequently used model NMPB-2008 for 

calculations is considered where input parameters are the 

flow of light weight vehicles, average speed, the flow of 

heavy-weight vehicles, average speed and type of road.  

 

TABLE 2A. INPUT PARAMETERS FOR CALCULATION OF A-WEIGHTED SOUND 

PRESSURE LEVELS AT 5 IMISSION POINTS AND 2.B. CALCULATED EMISSION 

POWER WITH TWO DIFFERENT MODELLS 

A 

 QLV(vehicles/h) 
VLV 

(km/h) 
QHV 

(vehicles/h) 
VHV(km/h) 

Road 
Type 

Day 325.4 90.0 81.4 70 R3 

Night 106.0 90.0 26.50 70 R3 

B 

LW/m.engine(v=90km/h. R3) (dBA) 42.4 36.5 

LW/m.tire (v=90 km/h.R3) (dBA) 53.4 60.3 

LW/m.total (dBA) 53.7 60.4 

LW/m. total (with flow Q-day) 

(dBA) 
78.9 79.5 

 

The influence from buildings and terrain is taken into 

account and the modelling results for five different 

measurement positions are shown in Table 3.  

TABLE 3. RESULTS OF CALCULATIONS AT FIVE MODELLING POINTS 

Position/results Pos. 1 Pos. 2 Pos. 3 Pos. 4 Pos. 5 

Day-night (24 h) 

Total level LA.eq 

(dBA) (24 h) 49.0 49.6 51.9 52.1 52.9 

Day (7:00-23:00) 
Level LA.eq (dBA) 

- day 50.1 50.7 52.8 53.1 54.0 

Night (23:00-
7:00) 

Level LA.eq (dBA) 

- night 45.2 45.8 49.4 49.2 49.1 

 



 

 

D. Local road when vehicles are point sources-

measurement results 

When the number of vehicles is not so high the 

individual pass-by of a vehicle could be observed as point 

source and the pressure decrease compared to distance is not 

3 dB (e.g. when the distance is increased twice the pressure 

decrease is 6 dB). 

The LA.eq local road traffic with flow of around five 

vehicles per minute has been measured at two different 

positions (2 meters above the ground and 4 meters above the 

ground according to the situation shown in Figure 6. The 

measurement positions are chosen in front of the façade (1 

meter) at two heights with distance from the road od D=116 

meters. Measuring results are shown in Figure 6 where single 

events are visible (pass-by of vehicles). 

 

 

 

Fig. 6. Situation for  measuring A-weighted equivalent continuous sound 
pressure levels in 1 second intervals on the local road at two different 

heights and measurement results in some time intervals 

 

It can be noted that different car categories give different 

value of maximum sound pressure level LA.max during their 

pass by due to different type of vehicles, different engine and 

tires. Furthermore, the sound exposure level is under the 

influence of residual noise from a nearby highway which is 

changed during the day and night period. The average level 

for different categories should be observed separately and 

using the statistic calculations according to the reference [2]. 

It can also be observed that the level of LAeq.1s is higher at 

receiver height of 4 meters in comparison with lower height 

(red curve). 

The equivalent sound pressure levels at position 1 

(hr=4m) and position 2 (hr=2m) is observed in the time 

period of 00:00 until 7:15 AM.  LAeq. 15min is shown in Table 4 

for two positions with the averaged LA.max for different 

vehicles categories.  

TABLE 4. THE EQUIVALENT LA.EQ AND MAXIMUM A WEIGHTED SOUND 

PRESSURE LEVELS (LA.MAX) AT TWO DIFFERENT POSITIONS AND TYPES OF 

VEHICLES FOR TWO MEASUREMENT POSITIONS. 

Position/results Pos. 1 Pos. 2 

Number of vehicles (cars. vans. 

tracks) in measurement interval 15 

min 75. 5. 3  

LA.eq. 15 min 48.8 47.9 

LA.max-passangers cars 53.2 52.5 

LA.max-vans 57.0 56.5 

LA.max-heavy weighted vehicles 62.3 62.0 

 

E. Railway pass-by  as point source  

In the last situation the pass-by of a train is observed as 

single event where sound exposure level and equivalent A-

weighted sound pressure level is measured on two different 

railroad ties and the equivalent level the pass-byes is 

calculated. The considered train and measurement situation 

are shown in Figure 7. Two different ties are shown in 

Figure 8. 
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Fig. 7. Considered train and measurement situation 

 

Fig. 8. Two different types of ties 

The measurement results for measured parameters when 

train is passing above two different types of ties are shown 

in Table 5. 

TABLE 5. THE MEASUREMENT RESULTS WHEN TRAIN IS PASSING ABOVE 

TWO DIFFERENT TPES OF TIES. 

Parameter Wooden Tie Concrete Tie 

Duration of 

event  T(s) 
27 27 

LA.max(dBA) 88.2 100.8 

LAeq (dBA) 79.7 89.8 

LAE (dBA) 84.0 104.1 

 

It is evident that the A-weighted level during pass-

by over wooden tie is lower in comparison with concrete tie. 

In addition, the results from Table 5. are shown in Figure 9 

with A-weighted equivalent sound pressure levels measured 

in 1 second intervals with sound exposure levels and 

maximum A-weighted sound pressure levels. 

 

 

Fig. 9. Parameters measure during one pass-by of train over wooden tie 

IV. DISSCUSION  

It can be concluded from presented measuring and 

modelling situations that the sound source position and 

surroundings should be carefully chosen together with 

imission points to obtain environmental noise parameters 

which are then assessed with proposed limit values given by 

authorities. 
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