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Abstract: Environmental noise indicator values that are completely accurate and precise can only be obtained through continuous noise monitoring, which is a highly 
complex and multifaceted task. In case heavy road traffic is the dominant noise source, accurate and precise data on annual noise indicator values are also obtainable 
through semicontinuous monitoring. Such a procedure is a rational approach to the given task, as it requires considerably shorter utilization of resources, whereby the primary 
issue is how to choose the measurement time interval. To help determine the optimal measurement time interval, this paper uses the results of continuous noise monitoring 
at a selected measurement location  as an attempt to minimize the measurement time interval. The choice of the optimal measuring strategy of the problem defined by 
multiple criteria has been made using the PROMETHEE method, as the most acceptable method for comparing the different alternatives. 
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1 INTRODUCTION 
 

A proper insight into the current state of noise in a 
specific territory, can be gained through strategic noise 
mapping, which is why it serves as the starting point for 
defining measures to prevent the increase of noise and to 
reduce noise emission and immission in the future. Noise 
maps visually and clearly represent the mechanism of noise 
propagation from the emission point, as well as the 
influence of the size, purpose, and spatial position of 
surrounding structures on noise propagation. In this way, 
they provide a clear insight into the distribution of "quiet 
areas", which is highly relevant information for urban 
spatial planning. 

The values of predefined noise indicators, determined 
using a variety of strategies, are the essential elements for 
calibrating a strategic noise map, which is a primary 
document concerning the state of environmental noise. 
When creating strategic noise maps, it is particularly 
important to be familiar with the values of equivalent noise 
level (Leq) for a given measurement location, whereby the 
measurement time interval (MTI) is set to one year. 
Considering the traffic noise fluctuations over a 24 - hour 
period, which are particularly noticeable between the day 
and the night periods, and the effect of traffic noise on 
human activities during those periods, it is necessary to 
obtain noise level indicators at the selected measurement 
locations for a one-year period. Specifically, these include 
the Lden indicator for 24 hours (day-evening-night) and the 
separate 8 - hour Lnight indicator for the night period, both 
of which are designated as annual environmental noise 
indicators by the Directive 2002/49/EC [1]. 

Since neither the national nor the European legislation 
do not prescribe any particular means of measuring annual 
environmental noise indicator values, which are required 
pieces of data for the calibration of strategic noise maps 
pursuant to Directive 2002/49/EC, the primary motivation 
of the present research is to try to find the optimal MTI for 
determining long-term environmental noise indicator 
values. 

The values of basic noise indicators can be determined 
in two ways by using either assessment or measurement [2-
4]. 

Noise assessment (prediction) is performed 
exclusively through computations using the designated 
software packages. 

Annual noise indicators (ANI) are determined using 
two measurement methods. 

The first method represents a series of short-term 
measurements of Leq, performed in a characteristic noise 
sources operational regime and within specific 
metrological parameters. The choice of a time interval for 
short-term measurement and the number of short-term 
measurements within the observed time interval of one 
calendar year are crucial elements for determining the 
noise indicators at a given location. The MTI for short-term 
measurement should be at least 10 minutes long, but the 30 
- minute interval is recommended to account for the 
changes in the weather conditions during measurements. 
The choice of a time interval for short-term measurements 
is a current topic of interest covered in a number of studies 
[5], in which researchers opted for different time intervals 
depending on the number of contributory factors and their 
contribution to measurement results. 

The following method represents a long-term 
measurement of Leq taking into concern a period that is long 
enough to include all the changes in the operation of noise 
sources and weather conditions. Considering the 
unpredictable behaviour of traffic noise levels over time, 
the infeasibility to precisely determine the structure and 
number of vehicles over a specified period, and the 
connection between the traffic structure and volume and 
the weather conditions, a sizeable portion of a calendar 
year is usually taken as the time interval for long-term 
measurement to determine the noise indicators at a given 
location. The most common time intervals used are one 
month, three months, six months, or even the entire 
calendar year if necessary. 

Long-term measurement results are by all means more 
precise than those of short-term measurement and they can 
be used with fewer corrections required. Those 
measurements of Leq should be performed by applying one 
of the two methods continuous or semicontinuous 
monitoring. 

Continuous monitoring of the traffic noise should be 
done by utilisation of the real-time measurements of the Leq 
that are taken at the static measurement position throughout 
the entire calendar year. This enables observation of the 
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realistic noise pattern change at the chosen measurement 
position, which can be also used in the process of strategic 
noise maps periodical control. 

Semicontinuous method of noise monitoring is usually 
performed constantly during a period of multiple days or 
weeks, sometimes even months. This method is also useful 
for the determination of ANI, when it is necessary to 
perform environmental noise monitoring in a rational way. 
The method is particularly useful to determine if noise 
level boundary limits are being crossed, to inform and 
educate the community and focus their attention on the 
current issues, to increase people's knowledge about the 
noise dose-exposure relationship and the associated 
effects, and to calibrate noise maps. Semicontinuous 
monitoring is carried out by noise monitoring stations that 
can be quickly and easily relocated. 

MTIs used in semicontinuous monitoring, as well as a 
number of measurements at the same position throughout 
the year, that are sufficient enough to provide 
representative data for ANI determination, are not defined 
by existing standards. Having this in mind, researchers 
chose these parameters in their experimental studies [6] 
based on existing research conditions such as various noise 
source regimes, e.g., traffic properties if road traffic is 
investigated, so that the chosen MTI will be truly 
representative, meaning that fewer corrections will be 
required afterwards [7]. When performing the 
semicontinuous monitoring, the choice of the intervals 
within a certain season in a calendar year must include all 
of the situations that are specific for that season (noise 
change due to the snow, wind, rain, wet road, etc.) [8]. 
 
2 RESEARCH AIM 
 

The definition of the state of noise level at a specific 
location is a process involving the identification of 
dominant noise sources and the monitoring of relevant 
acoustic and meteorological quantities over a set period at 
the given location. The most effective approach to the 
problem is to use long-term, in this case, continuous, 
annual, noise monitoring at the given location, since 
strategic noise map, which is a basic document for the 
analysis of the state of noise, cannot be created without the 
knowledge of the annual noise burden at the location. 
However, the complexity of such an approach and its high 
demands in terms of securing the necessary resources 
personnel and equipment necessitate resorting to more 
efficient and rational methods for determining the annual 
values of Lden and Lnight noise indicators at the location. 
Such methods should ideally provide values that closely 
correspond to those obtained through long-term 
measurement. Accordingly, the aim of this paper is to 
identify the optimal duration of the MTI. Using a single-
run measurement over an interval significantly shorter than 
a year, the chosen duration should yield acceptable levels 
of precision and accuracy in presenting the real state of 
annual traffic noise level at the given location. This would 
allow using fewer noise monitoring stations to obtain large-
scale results that will provide sufficiently precise and 
accurate data on the annual environmental noise indicator 
values from multiple measurement locations. 
 

3 METHODOLOGY 
 

This study is based on the assumption that long-term 
continuous monitoring data [9], obtained within a single 
year, in conjunction with multi-criteria decision making 
can be used for computation of the optimal MTI. Accuracy 
of 1,5 dB, as well as precision of 1 dB criteria, should be 
met when choosing the optimal time interval for 
determination of ANI at defined measurement position 
[10], where road traffic is a primary noise source. 

When speaking of accuracy, it means that by using 
semicontinuous monitoring, the result of ANI 
measurements will not deviate by more than 1,5 dB in 
comparison to the true ANI value obtained by continuous 
monitoring during the entire year. 

The required precision means that, when performing 
multiple measurements in the same environmental 
condition at a defined measurement position, using the 
semicontinuous method, results of standard deviation 
calculation should not be more than 1 dB. 

Values for accuracy and precision are defined based on 
the requirements for strategic noise map development, 
which are specified in [1]. Here, it is stated that strategic 
noise maps should be created using 5 decibel range noise 
band contours. 

The procedure of solving the presented problem is 
based on multi-criteria decision making, which involves 
searching for the best solution from a series of allowable 
solutions in terms of multiple adopted criteria [11]. 

The problem solution using multi-criteria optimization 
(MCO) can be divided into four phases [12]: 
1. Definition of alternatives and criteria; 
2. Assessment of the criteria's relative weights; 
3. Adoption of a suitable MCO method; 
4. Examination of the chosen alternative reliability. 
 
3.1.1 Definition of the Set of Alternatives 
 

According to the established goal of the research, four 
alternatives have been presented, each containing a 
different MTI: 
 a1 - One week 
 a2 - One month 
 a3 - Six months 
 a4 - One year. 

The preference for a perfect solution would be the 
order of alternatives (a1  a2  a3  a4) where it is 
preferable to use a minimum of the monitoring station 
operation while receiving reliable results of ANI value 
since only one-year-long measurement (a4) has been 
shown to provide the accurate value. The main issue of 
using a4 is that equipment has to remain at the same 
location for the entire year, which minimizes its usability. 
 
3.1.2 Definition of the Set of Criteria 
 

In this study, a set of nine criteria is considered for the 
choice of optimal MTI using multi-criteria decision 
making (Tab. 1). 

Once the alternatives and the criteria have been 
defined, the mathematical formulation of the MCO 
problem can be expressed as follows: 
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Table 1 Criteria for the selection of the optimal measurement strategy 
Criterion Criterion name / definition 

f1 Standard deviation of value Lday 
f2 Standard deviation of value Levening 
f3 Standard deviation of value Lnight 
f4 Standard deviation of value Lden 
f5 Maximum deviation of value Lday 
f6 Maximum deviation of valueLevening 
f7 Maximum deviation of valueLnight 
f8 Maximum deviation of valueLden 
f9 Degree of measur. equipment utilization 

 
Criteria that have been chosen are separated into 

categories, where first category criteria f1 - f4 refer to the 
standard deviation of measured noise indicators. Deviation 
has been calculated as an average deviation of a dataset 
from its mean value, for different observed alternatives. It 
is important to emphasize that standard deviation, in this 
case, should not exceed 1 dB, as this is the value that 
ultimately meets the result precision requirement, which is 
why a minimization requirement is set for the given 
criteria. Small values of the standard deviation of the 
measurement results indicate that there are small 
deviations from the average value of a noise indicator for a 
given MTI. This implies that the factors contributing to 
these indicators vary insignificantly with time at a chosen 
location. 

Criteria f5 - f8 are denoted as the second category which 
is related to a maximum difference of each of the noise 
indicators (Lday, Levening, Lnight) from their respective value 
obtained for the entire year. This has been done for all of 
the measurement alternatives (a1 - a4). 

The analysis of the measurement results indicates an 
increase in accuracy and precision of the results with the 
increase of the MTI; however, it also indicates a decrease 
in the degree of utilization of the measuring equipment. 

A fundamental task of this research is to determine the 
interdependence of the given criteria and their influence on 
the choice of optimal measurement strategy. The goals of 
the set criteria and the requirements for their extremization 
(maximization or minimization), as well as the criteria 
evaluation types, are given inTab. 2. 
 

Table 2 Criteria goal functions and evaluation types 
Criterion Goal/ Requirement Evaluation type 

f1 min Quantitative 
f2 min Quantitative 
f3 min Quantitative 
f4 min Quantitative 
f5 min Quantitative 
f6 min Quantitative 
f7 min Quantitative 
f8 min Quantitative 
f9 max Qualitative 

 
Criterion f9 is denoted as a category of a third class. It 

is related to the analysis of measuring equipment duration 
of use. Unlike all other criteria, criterion f9 is described by 
its nature as a qualitative feature. For each of the qualitative 
attributes, there is an assigned quantitative mark. The 
assignment has been performed using the Saaty scale [13], 
which is shown in Tab. 3. 
 
Table 3 Assessment of qualitative features for criterion f9 with a goal of criterion 

set to max, for alternatives (a1 - a4)  

 
Criteria f9 

Goal of criteria: max 
Qualitative mark Quantitative mark 

a1 Very good 9 
a2 Average 4 
a3 Fair 2 
a4 Bad 1 

 
3.2 Assessment of the Relative Weights of Criteria 
 

Considering that the set criteria are not equally 
important, the so-called criteria weights have been defined. 
This has been done by assigning a factor of significance to 
each of the criteria. To achieve this goal, a Delphi 
methodology [14, 15] has been taken into account. Also, 
the proposed criteria weights have been considered by a 
selected panel of ten experts in the field surveyed for that 
purpose. An expert who was involved in the data 
processing was not included in the survey. 

Combination of alternatives and criteria, as well as the 
shape of the decision matrix and the weighting of criteria 
wj, have all been given in Tab. 4. 
 

Table 4 Alternatives, evaluations, goals, and weight coefficients of criteria for the selection of the optimal alternative 
 f1 f2 f3 f4 f5 f6 f7 f8 f9 

a1 f1(a1) f2(a1) f3(a1) f4(a1) f5(a1) f6(a1) f7(a1) f8(a1) f9(a1) 
a2 f1(a2) f2(a2) f3(a2) f4(a2) f5(a2) f6(a2) f7(a2) f8(a2) f9(a2) 
a3 f1(a3) f2(a3) f3(a3) f4(a3) f5(a3) f6(a3) f7(a3) f8(a3) f9(a3) 
a4 f1(a4) f2(a4) f3(a4) f4(a4) f5(a4) f6(a4) f7(a4) f8(a4) f9(a4) 

Goal min min min min min min min min max 
wj 0.05 0.05 0.05 0.10 0.05 0.05 0.05 0.10 0.50 

 
3.3 Selection of a Multi-Criteria Optimization Method 
 

The issue of choosing the optimal measurement 
strategy for a problem defined by multiple criteria can be 
resolved using the PROMETHEE method [16]. The 
method is acceptable for its possibility of selecting how the 
alternatives will be mutually compared. This comparison 
refers to the features and the value of the explicit criteria 
by selecting the adequate preference function. 
PROMETHEE is also suitable for its ability to define 

important parameters such as preference (p) and 
indifference (q). These parameters, in combination with 
weight coefficients, have the most important part in the 
resolution of the presented issue [17]. By applying this 
method, the described problem can be solved through the 
following steps [18]: 
1st Step - Determination of the general criterion shape, as 
well as p/qfor the individual criterion (Tab. 5). 
2nd Step - The determination of a preference function for 
all alternative pairs according to each criterion in the given 
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order. The value of preference function Pj (a1, a2) indicates 
the preference of the alternative a1 over the alternative a2 
for the jth criterion (Tab. 6). 
 

Table 5 Shape of general criterion and the p/q parameters for each explicit criterion 
Criterion f1 f2 f3 f4 f5 f6 f7 f8 f9 

Shape of general criterion III III III III V V V V III 
Preference parameter, p 2 2 2 2 3 3 3 3 10 

Indifference parameter, q - - - - 0.5 0.5 0.5 0.5 - 

 
Table 6 Value of preference function 

 f1 f2 f3 f4 f5 f6 f7 f8 f9 
Pj(a1, a2) P1(a1, a2) P2(a1, a2) P3(a1, a2) P4(a1, a2) P5(a1, a2) P6(a1, a2) P7(a1, a2) P8(a1, a2) P9(a1, a2) 
Pj(a1, a3) P1(a1, a3) P2(a1, a3) P3(a1, a3) P4(a1, a3) P5(a1, a3) P6(a1, a3) P7(a1, a3) P8(a1, a3) P9(a1, a3) 
Pj(a1, a4) P1(a1, a4) P2(a1, a4) P3(a1, a4) P4(a1, a4) P5(a1, a4) P6(a1, a4) P7(a1, a4) P8(a1, a4) P9(a1, a4) 
Pj(a2, a1) P1(a2, a1) P2(a2, a1) P3(a2, a1) P4(a2, a1) P5(a2, a1) P6(a2, a1) P7(a2, a1) P8(a2, a1) P9(a2, a1) 
Pj(a2, a3) P1(a2, a3) P2(a2, a3) P3(a2, a3) P4(a2, a3) P5(a2, a3) P6(a2, a3) P7(a2, a3) P8(a2, a3) P9(a2, a3) 
Pj(a2, a4) P1(a2, a4) P2(a2, a4) P3(a2, a4) P4(a2, a4) P5(a2, a4) P6(a2, a4) P7(a2, a4) P8(a2, a4) P9(a2, a4) 
Pj(a3, a1) P1(a3, a1) P2(a3, a1) P3(a3, a1) P4(a3, a1) P5(a3, a1) P6(a3, a1) P7(a3, a1) P8(a3, a1) P9(a3, a1) 
Pj(a3, a2) P1(a3, a2) P2(a3, a2) P3(a3, a2) P4(a3, a2) P5(a3, a2) P6(a3, a2) P7(a3, a2) P8(a3, a2) P9(a3, a2) 
Pj(a3, a4) P1(a3, a4) P2(a3, a4) P3(a3, a4) P4(a3, a4) P5(a3, a4) P6(a3, a4) P7(a3, a4) P8(a3, a4) P9(a3, a4) 
Pj(a4, a1) P1(a4, a1) P2(a4, a1) P3(a4, a1) P4(a4, a1) P5(a4, a1) P6(a4, a1) P7(a4, a1) P8(a4, a1) P9(a4, a1) 
Pj(a4, a2) P1(a4, a2) P2(a4, a2) P3(a4, a2) P4(a4, a2) P5(a4, a2) P6(a4, a2) P7(a4, a2) P8(a4, a2) P9(a4, a2) 
Pj(a4, a3) P1(a4, a3) P2(a4, a3) P3(a4, a3) P4(a4, a3) P5(a4, a3) P6(a4, a3) P7(a4, a3) P8(a4, a3) P9(a4, a3) 

wj 0.05 0.05 0.05 0.10 0.05 0.05 0.05 0.10 0.50 

 
3rd Step - The definition of the preference index for pairs 
of alternatives according to Eq. (2), as well as the formation 
of the preference index matrix: 
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where wj is the criteria weight coefficient, and Pj(a1, a2) is 
the preference of the alternative a1 over the alternative a2 
for the jth criterion. 

The preference index π(a1, a2) indicates the preference 
of the alternative a1 over the alternative a2 while 
simultaneously taking into account all the criteria. It varies 
between 0 and 1 (Tab. 7). 
 

Table 7 Value of preference index 
 a1 a2 a3 a4 

a1 0 π(a1, a2) π(a1, a3) π(a1, a4) 
a2 π(a2, a1) 0 π(a2, a3) π(a2, a4) 
a3 π(a3, a1) π(a3, a2) 0 π(a3, a4) 
a4 π(a4, a1) π(a4, a2) π(a4, a3) 0 

 
4th Step - The computation of output and input flow values 
for each alternative according to Eq. (3) and Eq. (4) below 
and the establishment of a partial order of the compared 
alternatives (PROMETHEE 1): 
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The output flow value  iΦ a  shows how much the 

alternative a1 is better than all the other alternatives from 

the set of alternatives A for all the criteria from the set of 
criteria C. In contrast, the input flow value  iΦ a  shows 

how much all the other alternatives are better than the 
alternative a1. The higher the output flow value  iΦ a , 

the more the alternative a1 dominates the other alternatives 
in the set of alternatives A. The higher the input flow value 

 iΦ a , the more the other alternatives dominate the 

alternative a1 in the set of alternatives A (Tab. 8). 
 

Table 8 Output and input flow value 

 a1 a2 a3 a4  iΦ a  

a1 0 π(a1, a2) π(a1, a3) π(a1, a4)  
a2 π(a2, a1) 0 π(a2, a3) π(a2, a4)  
a3 π(a3, a1) π(a3, a2) 0 π(a3, a4)  
a4 π(a4, a1) π(a4, a2) π(a4, a3) 0  

 iΦ a       

 
5th Step - The computation of the net flow values for all the 
alternatives according to Eq. (5) below and the complete 
ranking of alternatives (PROMETHEE 2). 
 

     i i iΦ a Φ a Φ a                                                    (5) 

 
4 EXPERIMENT–NOISE MONITORING 
4.1 Measurement Point Description and Characteristics 
 

For the purpose of this research, a continuous noise 
measurement for road traffic was performed at the 
measurement point MP in the city of Niš, Serbia. 

The reasons for choosing this location include the 
following: 
• Heavy road traffic during the day/evening (ca. 1200 
vehicles/h) and during the night (ca. 600 vehicles/h) [19]; 
• A complex structure of the road traffic: motorcycles, 
automobiles, light commercial vehicles, heavy goods 
vehicles, buses, and coaches; 
• Flat terrain (zero road inclination). 
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4.2 Measuring Equipment Description and Characteristics 
 

Brüel & Kjær Environmental Noise Management 
System (ENMS), designed for long-term environmental 
noise monitoring, was used to measure road traffic noise at 
the measurement point MP. Primary elements of the 
system include Software Type 7843 and the Noise 
Monitoring Terminal type 3639-B-203. To monitor 
weather conditions during noise measurement, the system 
was additionally equipped with the Vaisala Weather 
Transmitter WXT 520, designed to measure air 
temperature and relative humidity, atmospheric pressure, 
wind speed and direction, and the amount of precipitation. 

The long-term monitoring of road traffic noise was 
completed in accordance with the guidelines provided in 
the standard [2] and the EU documents [20, 21]. 
 
4.3 Results of Noise Monitoring 
 

Continuous noise monitoring at the measurement point 
MP was performed from 1 September 2017 to 31 August 
2018, providing the data on weekly, monthly, semi-annual, 
and annual ANI values. The results of the monitoring in dB 
are given in Tab. 9 to Tab. 12. 
 

Table 9 Weekly reports (Monday to Sunday) 
 Lday Levening Lnight Lden 

average 68.8 68.2 64.2 72.1 
stdev 0.62 0.54 0.43 0.46 
max 70.3 69.7 65.3 73.4 
min 67.7 67.2 63.3 71.2 

|ΔLmax| 1.5 1.5 1.1 1.3 

 
Table 10 Monthly reports (September 2017 to August 2018) 

 Lday Levening Lnight Lden 
average 68.8 68.2 64.2 72.1 
stdev 0.55 0.46 0.31 0.37 
max 69.6 69.2 64.9 72.8 
min 68.0 67.5 63.8 71.6 

|ΔLmax| 0.8 1.0 0.7 0.7 

Table 11 Semi-annual reports 1 (September to February) and 2 (March to 
August) 

 Lday Levening Lnight Lden 
1 69.2 68.5 64.4 72.3 
2 68.4 68.0 64.1 71.8 

average 68.8 68.2 64.2 72.1 
stdev 0.42 0.27 0.15 0.24 
max 69.2 68.5 64.4 72.3 
min 68.4 68.0 64.1 71.8 

|ΔLmax| 0.4 0.3 0.2 0.3 

 
Table 12 Annual report 

Lday Levening Lnight Lden 
68.8 68.2 64.2 72.1 

 
5 RESEARCH RESULTS AND DISCUSSION 
 

Visual PROMETHEE software package [22] was used 
to first choose the optimal measurement strategy for the 
measurement point MP (scenario 1), after which the type 
of preference functions and the parameter values for the 
same criteria values were changed  to examine the stability 
of the solution (scenario 2). 

Stricter conditions for the ranking of the alternatives 
were imposed in scenario 2, specifically through the 
selection of a preference function with a linear preference 
and indifference area and through the adoption of a lower 
value of the preference parameter compared to scenario 1. 

The following applies to the criteria f1 ÷ f4 for scenario 
2: if the difference of the standard deviations of 
measurement results according to the alternatives (stdev) is 
equal to or higher than 1 dB, there is a strict preference for 
the alternative with the lower standard deviation; on the 
other hand, if the difference is less than 0,1 dB, the two 
compared alternatives are considered indifferent, i.e. of the 
same importance. 
 
 
 

 

 
Figure 1 Decision matrix for the measurement point MP-scenario 1 
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Figure 2 Decision matrix for the measurement point MP – scenario 2 

 
The following applies to the criteria f5 - f8 for scenario 

2: if the difference of the maximum absolute deviations of 
the measurement results according to the alternatives 
(|ΔLmax|) is equal to or higher than 2 dB, there is a strict 
preference for the alternative with the lower deviation; if 
the difference is less than 0,5 dB, the two compared 
alternatives are considered indifferent, i.e. of the same 
importance. 

The main Visual PROMETHEE windows for the 
problem of choosing the optimal measurement strategy for 
the measurement point MP based on scenario 1 and 
scenario 2 are shown in Fig. 1 and Fig. 2. 

The PROMETHEE Flow table (Fig. 3) displays the 
results of the output, input, and net flows of all the 
alternatives and the resulting complete ranking using the 
PROMETHEE II method. 
 

 
Scenario 1 

 
Scenario 2 

Figure 3 Complete ranking of the alternatives using the PROMETHEE II method 
for the measurement point MP according to scenarios 1 and 2 and based on the 

values of net flows of the alternatives 
 

PROMETHEE Rainbow is a particularly suitable way 
of presenting the results of MCO (Fig. 4), as it provides a 

disaggregated view of the PROMETHEE II complete 
ranking. This is a useful way to display the advantages and 
disadvantages of specific alternatives that were used for 
their complete ranking. 
 

 
Scenario 1 

 
Scenario 2 

Figure 4 Appearance of the PROMETHEE Rainbow window – alternative 
ranking for the measurement point MP according to scenarios 1 and 2 

 
The completed procedure for choosing the optimal 

MTI for the measurement point MP distinguishes the 
alternative a1 (weekly measurement interval) as the most 
acceptable in terms of the set criteria. 

In the case of scenario 1, the complete alternative 
comparison is: a1 → a2 → a3 → a4. 



Darko MIHAJLOV et al.: A Rational Approach to Determining Environmental Noise Indicators 

Tehnički vjesnik 29, 2(2022), 553-560                                                                                                                                                                                                               559 

Due to the examination of the stability of the solution, 
in the 2nd scenario, stricter conditions for ranking 
alternatives were set, after which the following complete 
order of alternatives was obtained: a1 → a2 → a4 → a3. 

The solution that has been obtained for the defined 
conditions fully corresponds to the established goal of 
investigation to minimize the MTI while obtaining results 
of satisfactory accuracy and precision, which maximizes 
the degree of utilization of the measuring equipment. 
 
6 CONCLUSIONS 
 

The results obtained using MCO to solve the presented 
problem led to the following conclusions: 
1. Multi-criteria optimization is a useful tool for making 
decisions on the minimum MTI for noise indicators based 
on the set criteria and limitations. In addition, it enables the 
highest possible degree of utilization of the available 
measuring equipment. 

The choice of the optimal solution was influenced by 
the very selection of MCO due to its sensitivity to the set 
criteria and expected outcomes, as well as by the subjective 
opinion of the researchers, which is an inevitable 
occurrence in multi-criteria decision making, expressed 
through a personal attitude and a preference for specific 
alternatives. 

The use of the PROMETHEE method in the multi-
criteria analysis of the available base of experimental data, 
with its ability to define the conditions and parameters that 
additionally influence the choice of the optimal 
measurement strategy, is an entirely acceptable solution in 
terms of the set research aims and the expected results. 

Objectivity was ensured with independent opinions of 
a panel of experts in the field, who were surveyed 
regarding the importance of specific criteria for the given 
problem. 
2. The choice of a measurement strategy using a one week 
long MTI confirms the assumption that a 365 days shorter 
MTI can indeed provide information on noise indicator 
values that do not significantly deviate from the true values 
and remain within the defined limits for accuracy (1,5 dB) 
and precision (1 dB). 
3. The measurement strategy that evaluates ANI values 
with a weekly measurement interval, which was singled 
out as the optimal solution in this research, applies to the 
"noisy" urban locations with a traffic volume of 1,000 + 
vehicles per hour, where road traffic noise is the dominant 
source of environmental noise. 
4. The weather conditions during the long-term noise 
monitoring, with relatively mild variations, did not 
influence the values of noise indicators, which means that 
any week during a year can be selected to perform the 
measurement. 
5. However, the selection of a week in which to perform 
the measurement is partially restricted due to various 
holidays or planned events at the measurement location, 
during which increased acoustic activity is to be expected. 
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