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ABSTRACT
The present research project was aimed to show new approaches to the assessment of the environmental
quality in general and the soundscape quality in particular of the urban areas. Within this framework, the
research deepens in the complete multisensory process of perception, focusing on the influence of context
and expectations on the reaction of the individuals towards sensorial stimuli. The research study explores
several methods with which to evaluate the soundscape of urban open spaces, making different contributions
to the identification of the patterns that define its identity. The evaluation of the potentiality of these methods
was carried out applying them to case studies in Naples and Brighton. The applications of these methods on
the cases study consider the spatial variability of the sonic environment and its characteristics. Consequently
the outcomes obtained were used to refine the proposed assessment methods and to evaluate their feasibility.
Variables selection methods, traditional regression methods, or artificial neural networks, were used to assess
objective as well as subjective measures in the perception and interpretation of the soundscape of the urban
environments.
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1. INTRODUCTION
Noise is one of the consequences of the activities and displacements performed daily in our cities.
Nowadays different measures can be undertaken in order to improve the quality of the environmental
sound and protect citizens from the harmful effects of noise, ranging from applications of noise control
engineering to the soundscape management. The authorities in charge of the environmental issues
typically use noise maps as an available tool to evaluate the noise exposition. These maps do not take
into account how sound is perceived but long term sound levels of traffic or industrial noise, without
considering other sources rather than the named ones, or the positive effects of certain visual
environments. The current research offers a new approach for the evaluation of the soundscape of
historic urban areas based on the subjective perception, the expectations and the emotional dimensions
linked to environmental factors, in order to give policy makers alternative information to the tradition
noise maps to identify and diagnose noise problems. This approach was developed through the
analysis of the information collected in relation with the environment, and the representation of the
analysed information through coloured maps.
Different working lines were followed from the beginning of the project, such as the investigation
and use of community based measurement techniques for the data acquisition, the study of the
environmental stimuli that influence the emotional reactions of people in an urban context, or the
elaboration of maps for the features’ definition of the soundscape in urban areas. As a consequence, a
combination of different methods was applied to collect and analyze objective and subjective acoustic
data. The waterfronts of the cities of Naples and Brighton were used as test sites.

2. PROJECT DEVELOPMENT
2.1 Data collection
The assessment of the social and psychological factors that influence the perception and emotional
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reaction of people in an urban context was conducted with the participation of the citizens through face
to face surveys and online surveys. The data collection methodology was designed in order to obtain
objective precise acoustic data simultaneously with the subjective data (in relation with the perception
of the participants of the environment) and to be sent to a server for its post processing (see Fig. ). The
questionnaire used for the subjective data collection was divided into two parts, one to be compiled in
situ through a tablet, composed by questions in relation with the perception of the place, and another
one to be compiled anywhere via internet, in relation with personal aspects of the interviewees’ life,
such as the neighbourhood amenity, personality traits or noise sensitivity.
An application was built in Visual Basic for Excel to be used in tactile devices on Windows
Operating System. This application allowed presenting the first part of the questionnaire to the
interviewees and sending the compiled questionnaires for further analysis (see Fig. ). The sonic
environment in each of the identified sites was recorded binaurally (16 bits/44.1 kHz) in fixed
positions through binaural headphones (“Sennheiser HDC 451”) worn by the operator connected to a
portable digital audio recorder (M-Audio Microtrack 24/96). Photos were taken with a Nikon D80
digital camera equipped with an objective AF-S Nikkor 18-105mm 1:3.5-5.6G ED, set on a tripod
1.5m above the ground (1–3).
2.2 Soundscape classification
The influence of the sensorial stimuli on the complex process of perception of an open space
demands a holistic approach to evaluate the effects that the sound, vision, or odors have on the degree
of satisfaction of their occasional and daily users. The interpretation of these factors may open up new
paths to evaluate the relationship between the human perception and the context. Some steps were
given in this research work in order to classify outdoor areas using subjective factors related with the
sense stimuli, in particular a methodology for the characterization of the urban waterfronts was
developed (1). This methodology classified the areas through the best performed clustering method
and characterized them through the outcomes of the multivariate linear regression method. The
clustering methods were applied to the responses given on the quality of the overall environment
(ENV), of the soundscape (SD), of smelling (SM) and of landscape (LD) (see Fig. 1). As a result, two
clusters were obtained, consistent with the pedestrian areas and the road traffic areas (1). Eight
acoustic parameters (namely the overall equivalent level L Aeq , 5th percentile of loudness N 5, sharpness
S, fluctuation strength F, roughness R, L A10 -LA90 , L A50 and log G) together with the soundscape quality
appraisal (LD) were selected to perform the multivariate linear regression (MLR) with the soundscape
quality as target variable (SD). The outcomes highlighted the importance of the visual factors on the
soundscape perception, confirming the results of previous research studies (4,5).

Fig. 1. Cluster 1 and 2 calculated with the variables environmental quality, landscape quality,
smellscapes quality and soundscape quality.
2.3 Soundscape modelling
The reinterpretation of the local specificity and identity of the urban open spaces, especially in the
historic city centres, may be a valuable tool for the design of the existing city. Finding this new local
specificity is the starting point for enhancing the quality of abandoned or underused open spaces in
pursuit of a continuous improvement. This improvement may be driven through the creation of new
atmospheres in which the soundscape plays such an important role as the landscape (3,6,7).
Considering the soundscape as an identifier mark that offers congruence to the overall environment,
the identification of the patterns that configure the soundscape identity of a place may be powerful
information for future urban interventions (2,3).
Modelling techniques have shown their adequacy to establish the relationship between different
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objective and subjective parameters and the soundscape quality (8,9).
A modelling approach to evaluate the influence of objective acoustic and visual parameters on the
perception of the sonic environment (in order to define the elements that identify it) was performed
through artificial neural networks. Objective acoustic, visual and spatial paramete rs were used as input
variables of the model (3).
The objective acoustic data used were the Leq , L Aeq , and the percentiles L A5, L A10 , L A50, L A90, L A95,
as well as psychoacoustic descriptors, namely loudness (N) and the fifth percentile of loudness (N 5 ),
sharpness (S), roughness (R), and fluctuation strength (F).
Different research studies have lately used spatial metrics as an objective measure of the visual and
spatial features of an environment (10–12). For the collection of objective visual data, spatial metrics
were calculated on the bases of the aerial photographs. Three groups of spatial metrics were used in
this study: 1) Area and edge, 2) Shape and 3) Aggregation (13).
The minimum redundancy maximum relevance feature selection method was applied to reduce the
number of input variables. The database was divided into train (70%), test (15%) and validation sets
(15%). A resilient backpropagation algorithm with backtracking was used in the calculation of the
artificial neural networks. The best performed model among the 500 was selected (with better results
in comparison with linear regression methods), concluding that the percentage of the sea that can be
seen or the aggrupation of the green areas had a positive effect on the soundscape perception. The
outcomes on the acoustic variables ratified the importance of N 5 on the soundscape perception
highlighted by some research studies (14,15).
2.4 Soundscape representation
Further analysis was conducted to identify the visual and acoustic parameters that define the
soundscape perception and to evaluate the relative importance of each factor (3,16). The relative
importance of each factor explains the contribution of the variables under study on the quality of the
soundscape and gives a clue on how the environment can be improved in order to obtain optimal
results in the soundscape interventions (3,16). The outcomes of this analysis were represented in maps
through the kriging interpolation method using the software QGis (see Fig. 2).
These coloured maps offer an understandable visualization of different factors that affect the
soundscape perception, such as the visual environment or the expectations, and may help the
stakeholders in the decision making processes of renewal interventions.

3. CONCLUSIONS
Different theoretical and practical approaches were been undertaken in order to look into the
knowledge of the soundscape of the urban open spaces. These approaches offer an alternative
perspective in the understanding of the multisensorial phenomenon of perception. In order to test the
applicability of this research work, procedures of modelling, classification and representation were
used for the analysis of outdoor environments. The utility of the combination of these procedures was
demonstrated through the analysis of real cases study in Brighton and Naples.

Fig. 2. Scheme of the process used in the data acquisition and analysis.
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