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ABSTRACT 

In this paper we propose a new soundscape 
characterization parameter which we termed the Overall 
Soundscape Annoyance Rating (OSAR) which relies on 
distribution of several objective acoustic parameters, 
namely loudness, loudness growth rate and sharpness. 
The aforementioned objective acoustic parameters were 
chosen taking into account our previous research in 
which we have proven their significance regarding the 
human perception of different acoustic environments. In 
addition, based on the survey among urban residents we 
have incorporated into our calculations a new subjective 
parameter which we term Sound Character Index (SCI). 
This index is subsequently included into the Overall 
Soundscape Annoyance Rating calculation, by which a 
more realistic sound perception rating is obtained. Such 
advanced rating system is intended to be used as an 
engineering guideline for design of acoustically pleasant 
urban environment within the concept of smart cities.  

1. INTRODUCTION 

The initial concept of soundscape was proposed as an 
attempt to create an analytical perspective that would 
show the total acoustic environment over time and across 
cultures [1]. Most soundscape studies concern the 
qualitative analysis of soundscapes, however, the 
methods for evaluating a soundscape are different 
according to the purposes of the researchers [2, 3]. The 
researchers usually while listening to soundscapes have 
used surveys with subjective descriptors. Taking into 
account loudness, sharpness and roughness [4, 5] it is 
possible to calculate an annoyance level of a certain 
sound or a soundscape [6]. Another part of soundscapes 
and sounds analysis deals with their distraction properties 
and how characteristic sounds influence people 
performing logical, mathematical and other concentration 
demanding tasks [7, 8].  
Every day, people are exposed to different sound 
environments during their sleep, rest, work and other 
activities. We are all aware that, if someone resides in a 
sound environment for a long time, eventually will adapt 
to it, and small and expected loudness changes in 
soundscape would not significantly influence someone's 
perception of that soundscape [9]. Our everyday sound 
environments could only slightly change and if were 
exposed to them frequently we could adapt to them, and 
if they were not significantly loud, we would not perceive 
them as annoying [10]. An example for this statement are 
people who work every day in an open offices, whose 

loudness distribution and spectral content would not 
significantly change through a long period of time. The 
other example are apartments next to a busy street or a 
playground. After some time, people living in these 
apartments will adapt to these sounds and they would not 
be annoyed if these sounds were not too loud. 
Currently, soundscape research is a very active research 
field and everyday more and more scientists with 
different areas of expertize are being included while 
trying to make their contribution in terms of improving 
the overall quality of life especially in urban areas (e.g. 
acoustic engineers, urban planners, psychologists, 
architects, doctors etc.). Thus, we can conclude that 
nowadays more and more soundscape studies are oriented 
towards human health, well-being and overall quality of 
life [11]. 
In our previous research we have proposed an acoustical 
model, which allows one to quantify how much typical 
urban acoustic environments are subjectively perceived in 
terms of affecting the listeners’ concentration. For that 
purpose, we have recorded several different soundscapes 
which were then reproduced to listeners in laboratory 
conditions. It was found that the linear model is adequate 
for calculating the parameter which we named 
respectively Total Distraction Coefficient (TDC) (e.g. the 
lowest TDC was obtained for the soundscape of stream) 
[12]. 
The motivation for this paper is proposing a slightly 
different approach to quantification of soundscape 
perception. We are suggesting a new soundscape 
parameter which we termed the overall soundscape 
annoyance rating (OSAR) parameter. The OSAR 
parameter relies on objective acoustic parameters, namely 
loudness, loudness growth rate and sharpness which have 
been proven to be significant in our previous work 
regarding the Total Distraction Coefficient (TDC) 
calculations in terms of human perception of different 
acoustic environments. In addition, we are incorporating 
in our calculations a new subjective parameter which we 
term Sound Character Index (SCI). We believe that this 
index now included into the Overall Soundscape 
Annoyance Rating calculations gives a more realistic 
sound source perception rating.  

2. THE SURVEY 

Based on our previous research [13] on five typical urban 
environments (i.e. children’s park, expressway, industrial 
hall, stream and shopping mall) and its findings we have 
created a specific questionnaire with focus on the all 
sound sources which appear within the aforementioned 
acoustic environments (shown in Fig. 1). 
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Figure 1. Questionnaire designed for this study 
 

The participating in a survey was carried out 
anonymously in compliance with the established 
psychological research methodology [14], i.e. the 
participants only needed to state their age and gender 
(please see Fig. 1). In this particular study 80 participants 
were involved. The median age was 20 with the equal 
male to female ratio. The participants were not informed 
of the study hypothesis, they were kindly asked to fulfil 
the questionnaire in a way to evaluate certain sound 
sources according to their perceived distraction and 
annoyance. This evaluation was done using the semantic 
differential with a 7-grade scale (i.e. 1 was associated 
with practically unnoticeable sound sources while 7 was 
supposed to be assigned to sound sources perceived as 
disturbing and annoying. 
Tab. 1 shows the results of the questionnaire survey.   
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Sound of stream 1.30 1  
(66) 0 -2  

(0) 

Music 1.64 1  
(51) 0.34 -1  

(1) 

Speech 2.16 2  
(33) 0.53 0  

(2) 

Sound of a car 2.66 1  
(24) 0.50 1  

(2) 

Sound of a bus 3.33 3  
(3) 0.66 2  

(4) 

Sound of a truck 3.74 5  
(28) 0.41 2.5  

(4.5) 

Dog barking 3.89 5  
(27) 0.15 2.5  

(4.5) 

Sound of hammer 4.24 5  
(23) 0.35 3  

(5) 

Children crying 4.89 5  
(27) 0.65 4  

(6) 

Car horn 4.89 5  
(25) 0.00 4  

(6) 

Sound of a grinder 5.23 7  
(25) 0.34 5  

(7) 

Children screams 5.26 6  
(29) 0.04 5  

(7) 
Table 1. Questionnaire survey results 

 
By analyzing the results shown in Tab. 1 we can conclude 
that which sound sources are perceived as distracting and 
annoying and which are unnoticeable for the participants. 
The sound sources are already ranked in Tab. 1 from the 
least distracting to the utmost annoying and distracting. 
According to this type of ranking obtained from the 
participants scores, we proceeded to assign a certain 
index to each sound source (please see last column in 
Tab. 1). Intuitively a negative coefficient is assigned to 
the sound sources which were perceived unnoticeable 
and, therefore more pleasant such as sound of stream and 
music. In order to simplify later calculations this index 
was corrected in order not to have negative values by 
adding the number two to each value (please see the 
values in the last column in brackets Tab. 1). 
In our previous work [12] we have introduced and 
calculated subjective parameters namely Concentration 
Loss Coefficient (CLC) and Total Distraction Coefficient 
(TDC). Each acoustic environment consists of several 
sound sources which make them recognizable and each 
one of that sound sources has a different impact on the 
listener and effects the overall perception of the acoustic 
environment. Following that premises and logic which 
was confirmed in our previous work [12, 13] in the next 
step of this research we have decided to calculate Sound 
Character Index shown in Tab. 2. The calculation is 
performed by summing the index from Tab. 1 for all the 
sound sources that were recognize by listeners within a 
certain acoustic environment and dividing the sum with 
the number of sources to obtain a median value. To be 
more precise, the Sound Character Index is calculated in 
the following way: 

GENDER _______________ 
AGE        _______________ 
Please assign a grade (from 1 to 7) to the following sound 
sources bearing in mind that 1 is associated with sound 
sources which do not disturb or annoy you at all (they are 
practically unnoticeable) while 7 is associated with sound 
sources which you perceive extremely disturbing and 
annoying. 
Sound sources: 

Children screams 
1□ 2□ 3□ 4□ 5□ 6□ 7□ 

Children crying 
1□ 2□ 3□ 4□ 5□ 6□ 7□ 

Sound of a car 
1□ 2□ 3□ 4□ 5□ 6□ 7□ 

Sound of a truck 
1□ 2□ 3□ 4□ 5□ 6□ 7□ 

Sound of a grinder 
1□ 2□ 3□ 4□ 5□ 6□ 7□ 

Sound of a hammer 
1□ 2□ 3□ 4□ 5□ 6□ 7□ 

Dog barking 
1□ 2□ 3□ 4□ 5□ 6□ 7□ 

Sound of a stream 
1□ 2□ 3□ 4□ 5□ 6□ 7□ 

Music 
1□ 2□ 3□ 4□ 5□ 6□ 7□ 

Sound of a bus 
1□ 2□ 3□ 4□ 5□ 6□ 7□ 

Car horn 
1□ 2□ 3□ 4□ 5□ 6□ 7□ 

Speech 
1□ 2□ 3□ 4□ 5□ 6□ 7□ 
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𝑆𝐶𝐼 = 	 &'()*+,-⋯-&'()*+/
*

   (1) 

where Indexn represents the distinctive sound sources 
for a certain acoustic environment and x is the number of 
those sources. For example, acoustic environment 
children’s park consists of the three distinctive sound 
sources: children screams (Index = 7), children crying 
(Index = 6) and speech (Index = 2). SCI for children’s 
park according to expression (1) is then 5 which is shown 
in Tab. 2. Distinctive sound sources for an expressway 
are: sounds of a car and a car horn; for an industrial hall: 
sound of hammers, grinder and music; and for stream: 
dog barking, sound of stream, a truck passing by and 
children screams. 

 

  

Concentration 
Loss 

Coefficient  
(CLC) 

Total 
Distraction 
Coefficient 

(TDC) 

Sound 
Character 

Index (SCI) 

EXPRESSWAY 0.062 0.276 4 
CHILDREN'S 
PARK 0.143 0.343 5 

INDUSTRIAL 
HALL 0.128 0.336 4.3 

STREAM 0.069 0.184 4 
Table 2. Sound Character Index 

 

3. DEVELOPING THE MODEL 

In order to incorporate the Sound Character Index in the 
Overall Soundscape Annoyance Rating, we have 
calculated three objective parameters for each acoustic 
environment: loudness, loudness growth rate and 
sharpness. Our previous research [12, 13] has shown that 
these three parameters primary contribute to listeners’ 
annoyance rating. In this case scenario we decided to use 
a slightly different approach. To be more precise, instead 
of calculating overall total values of previously 
mentioned parameters, we have calculated their 
probability density function. Our previous research [12] 
resulted with a model for the Total Distraction 
Coefficient (TDC), which is based on how objective 
parameters change with comparison to their average 
values for the entire sound environment. It was found out 
that the most annoying sound environment included 
frequent changes of these three parameters i.e. the 
listeners perceived a certain environment more annoying 
if the environment significantly changed when compared 
to its “steady” part.  

 
Figure 2. Probability density function of loudness; 

Gaussian distribution 

 

 
Figure 3. Probability density function of loudness 

growth; exponential distribution 

 

 
Figure 4. Probability density function of sharpness; 

Gaussian distribution 
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In order to better indicate how objective acoustic 
parameters in a certain sound environment change, we 
have decided to calculate their probability density 
functions (PDFs). As can be seen from Figs 2, 3 and 4, 
distribution of loudness (Fig. 2) and sharpness (Fig. 4) 
can be fitted with Gaussian distribution (Eq. (1)), while 
distribution for loudness growth rate (Fig. 3) can be 
fitted with an exponential distribution (Eq. (2)). There 
are two distinctive parameters for the Gaussian 
distribution, the mean and standard deviation. In case of 
the exponential distribution there are the mean or the 
expected value and standard deviation, which are 
basically the same parameter. Tab. 3 shows calculated 
distribution values of all three objective parameters for 
all analyzed acoustic environments. 

𝑓(𝑥, 𝜇, 𝜎) =
1

𝜎√2𝜋
𝑒<

=
>?
*<@
A B

C

, 

mean:	𝜇, variance:	𝜎> 
(1) 

 

𝑓(𝑥, 𝜆) = 𝜆𝑒<N*, 𝑥 ≥ 0, 

mean: 1 𝜆⁄ , variance:	 1 𝜆>⁄  
(2) 

 
 Mean Variance Product-L 

Expressway 3.4 6.8 23.1 
Children’s park 3.2 4.8 15.4 
Industrial hall 5.3 6.8 36.0 
Stream 3.2 0.36 1.2 

Table 3a. Calculated distribution values for loudness (L) 

 
 Mean Variance Product-LGR 
Expressway 0.4 0.16 0.06 
Children’s park 1.5 2.25 3.4 
Industrial hall 0.83 0.7 0.6 
Stream 0.2 0.04 0.008 
Table 3b. Calculated distribution values for loudness 

growth rate (LGR) 

 
 Mean Variance Product-S 
Expressway 1.1 0.06 0.07 
Children’s park 1.7 0.2 0.3 
Industrial hall 1.7 0.16 0.3 
Stream 1.6 0.01 0.2 

Table 3c. Calculated distribution values for sharpness (S) 

By logical reasoning, an acoustic environment which is 
less annoying will have low mean distribution values and 
low standard deviation. For example, in case of loudness, 
the stream sound environment has higher mean value 
than the children’s park, however its standard deviation 
is much lower. This means that in case of the stream 
acoustic environment loudness does not change 
significantly. Therefore, it is safe to assume that an 
acoustic environment which is loud and its loudness is 
frequently changing is the most annoying. Following that 

reasoning, the same could be concluded for the other two 
objective parameters. A product of these two distribution 
values could be a good indication how certain objective 
parameter contributes to acoustic environment’s 
annoyance. Tab. 4 shows products for all three objective 
parameters and all previously mentioned acoustic 
environments.  

Since Sound Character Index is a parameter derived from 
subjective evaluations, its incorporation in a final 
formula for the Overall Soundscape Annoyance Rating is 
not that trivial. First of all, the range of this index could 
not be compared to ranges of products from Tab. 4. On 
the other hand, to calculate a model for the overall rating, 
contribution of each parameter must be considered. In 
the first iteration of this rating we simply added the three 
products from Tables 3a to 3c to the subjective Sound 
Character Index for each acoustic environment. The final 
result is shown in Tab. 4. 

 
 Product-L + Product-LGR + 

Product-S + SCI 
Expressway 27.23 
Children’s park 24.1 
Industrial hall 41.2 
Stream 5.41 

Table 4. Sum of distribution products with Sound 
Character Index (SCI) 

4. CONCLUSIONS 

In this research we suggest a new soundscape 
characterization parameter which we termed the Overall 
Soundscape Annoyance Rating (OSAR). The OSAR 
parameter depends on distribution of the following 
objective acoustic parameters: loudness, loudness growth 
rate and sharpness. These objective acoustic parameters 
were chosen according to our previous studies where we 
have proven their statistical significance in terms of 
listeners’ distraction. The distraction was proven through 
extensive listening test of several typical acoustic 
environments. In order to obtain even better results we 
have introduced a new subjective parameter which we 
classified as Sound Character Index (SCI). This 
parameter was drawn from the results gained from a 
specially designed questionnaire in an independent 
survey. The focus of the survey was to rank sound 
sources which occur in several typical urban acoustic 
environments. Ranking was carried out in accordance to 
noticeability of sound sources with the study premises 
that more noticeable sound sources will cause a stronger 
feeling of annoyance and distraction.  

Finally, loudness, loudness growth rate, sharpness and 
Sound Character Index are incorporated in the 
calculation of Overall Soundscape Annoyance Rating 
parameter.  
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We believe that this type of calculation can serve as an 
engineering guideline for design of acoustically pleasant 
urban environment within the concept of smart cities. 
Furthermore, by using this advanced rating system we 
should be able to improve the overall quality of life 
especially in urban acoustic environments which is the 
common goal of all researchers in the soundscape field. 
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