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Abstract— A noise phenomenology is proposed that considers
noise as an information object that only has meaning when
experienced by an actor. Environmental noise has a major
impact on the health and well-being of citizens, particularly when
the noise occurs at night. Noise level monitoring can fail to take
into account the impact of noise on the lived experienced of
citizens. A socio-technical multi-sensor architecture is used to
record night time noise in a domestic urban environment in a
longitudinal study in the UK. Results are triangulated with
contemporaneous logs of occupants to isolate noise patterns that
cause the most disturbance to sleep behaviour. The
phenomenology identifies the need for a multidimensional
interdisciplinary approach to developing sensor networks to
acquire noise information for environmental monitoring.
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1. INTRODUCTION

Noise pollution in the nocturnal environment directly and
indirectly affects physical and mental well-being of citizens
[1]. The World Health Organization estimates that 903,000
years of life are lost each year due to noise-induced sleep
disturbance for citizens of towns of > 50,000 inhabitants in the
European Union [2]. The impact of noise disturbance on sleep
depends on the information content of the noise, the individual
and the situation [3]. Previous phenomenological studies have
focused on musical sounds rather than every day sounds [4].
We propose a noise phenomenology for unwanted
environmental noise based on the document phenomenology of
[5] and the intelligence and interoperability levels used by [6]
that differentiates levels of meaning.

Fig. 1 presents a noise phenomenology that focuses on
noise as an information object. An information object
comprises of intrinsic and extrinsic information. Intrinsic
information is the physical properties, diachronic attributes that
stay the same across time and space [7]. Extrinsic information
are attributed properties, contextual information about the
purpose and role of the object in a wider system [5]. Meaning
is derived from information objects by actors [8] and is
influenced by, for example, an actor’s personality traits,
emotional state and past experience.

The information object can be considered at three levels:
the object, the parts within it and the wider system within
which it exists [5].
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As an information object, noise can be decomposed into its
intrinsic attributes such as level, frequency and tone that form
syntactic information. The combination of the attributes are
interpreted by an actor and assigned a semantic descriptor,
such as loud or dull. The semantic information may be
influenced by the personality traits and emotional state of the
actor. Extrinsic information is attributed to the noise as it is
identified and its role determined. Pragmatic information,
information in context [6] is derived from combining what is
known about the noise based on the wider context in which the
noise is taking place and the actor’s past experience. For
example, the noise is an alarm and the building needs to be
evacuated.

Environmental monitoring typically only focuses on the
syntactic information; to fully understand the impact of noise,
lived experience has to be explored. Phenomenological
research aims to understand the lived experienced of the
participants [9]. Lived experience is the sum of an individual’s
experiences [10] from interactions and transactions in the real-
world. A socio-technical approach to environmental
monitoring therefore needs a multi-sensor architecture to
capture information about the noise object, the environment in
which the noise occurs and the actor’s response to the noise.

II.  EXPERIMENTAL SETUP

Extrinsic information is based on noise identification. This
is difficult due to a lack of annotated audio data in urban
acoustic environments [11] and challenges of noise
identification in real-world settings, such as overlapping
sounds and false recognition. Sound recognition is only false
when compared with other data [4]. A multi-sensor architecture
was therefore used (Fig. 2) to capture a range of data about the
environment in which the noise was recorded to assist with



identifying and validating the identification of the noise based
on the generic monitoring framework of [12] [13].
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Environmental noise levels are normally measured
externally, however, as we are focusing on the impact of
nocturnal noise on an actor’s sleep patterns, we measured noise
from internally located microphones. Three microphones were
used: a usb Blue Yeti microphone with a frequency response
rate of 20 - 20,000 Hz was located centrally in a domestic
property. This was supplemented by portable microphones
located in the front and back rooms of the property. Passive
infra-red motion sensors were located within the property, with
further motion sensors linked to external cameras. A total of 14
internal and external video cameras recorded events in the
environment in order to help identify potential noise sources.
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Fig. 3. Data Management Framework

Fig. 3 shows the data management framework used. The
data were first cleaned, removing sections contaminated by the
experiment set up and shut down. The multiple data streams
were synchronized and then Audacity open source software
was used to analyse the noise data captured. Timestamped
noise samples were identified and compared with the noise
logs maintained by the occupants. The noise events were then
correlated with data from other sensors to assist in identifying
the noise and validating the occupants’ interpretation of the
noise.

III. RESULTS AND DISCUSSION

Over 60TB of data have been captured to date, focusing on
the nocturnal period between 22:00 GMT and 08:00 GMT in
properties in a urban area of the UK. Samples of noise captured
are shown in Table I to provide an indication of the range of
noises recorded each night. Previous annotations of the urban
soundscape such as [14] identify street noise such as car horns,
sirens and children playing. Our dataset includes a wider range
of urban noise focusing on unknown night-time sounds and
directed disturbances such as stones thrown at windows.

Analysis of the data shows that the syntactic and semantic
information provide limited information content about the
noise. The pragmatic meaning attributed to the noise object is
dependent on the current environment (night time) and the
actor’s past experience. Actors only react to stimuli that they
perceive is useful or relevant to survival [4]. The level,
frequency or duration of the noise did not on its own cause
concern, for example, loud noise from traffic was disregarded
and often not noticed; there was no correlation in noise
recording levels and manual noise logs. In contrast,
unidentified noises or noises perceived as signalling potential
danger or damage to property were more disturbing to
occupants.

Actors react to the recognition of the noise, rather than the
actual noise [4]. There is a difference between the tangible
aspects of the built environment and intangibles that directly
influence an actor’s experience of the environment [15]. There
are also socio-cultural differences in how individuals react to
noise [16]. High level noise intensities initiate a ‘fight-or-
flight’ response but lower levels of noise attribute to
parasympathetic withdrawal [17].

We concur with the experience of [18] that it is difficult to
analyse raw environmental audio data captured due to
background noise, overlapping sounds and distance variation.
Additional sensors are therefore needed to capture data about
the environment to assist in verifying the actor’s identification
of the noise. For example, data captured at 22:52 from motion
sensors and video cameras confirmed the occupant’s
identification of the noise as a door squeaking, and verified that
it was caused by a member of the household (Table I). Further
work is needed to differentiate noise generated from internal
and external sources.

IV. CONCLUSION

The intrinsic syntactic information of noise objects such as
volume can be objectively measured but objective measures do
not truly capture or convey the impact of noise in the
environment. The lived experience of the noise needs to be
considered. A noise phenomenology has been proposed that
includes extrinsic information about the identification and
context of the noise in order to understand its impact on the
actors and their experience of the environmental noise. A
multimodal approach to capturing data about the context of the
noise is needed that brings together experts in sensor networks,
environmental monitoring and information management,
adopting a socio-technical approach to examine the lived
experience of noise.



TABLE 1. INFORMATION LEVELS OF NOISE

Syntactic Semantic Pragmatic Actor Response
Time Db, Frequency, Duration. Semantic What is the noise? Noise Cause for
Descriptor. What does it mean? Identified? Concern?
22:52 0.0 0.5 B Squeaking. Door squeaking. Yes. No.
Occupant moving
around.
00:35 Roar. Traffic going past. Yes. No.
01:44 |y oo 1 Loud slap. Slap on roof? No. Yes.
] 0
34 -
| 60"
01:59 ﬂkp ) 0.5 1.0 1.5 Series of slaps. | Tiles being No Yes.
T knocked off the
241 roof?
60"
02.28 Dull boom. Bang on No Yes
something?
Repeated after 45
seconds.
04:32 ] Sharp tap. Tap on glass? No. Yes
04:55 Dho 0.10 Slap. Stone hitting No. No
guttering?
05:34 Sharp tap. Stone at window. Yes. Yes.
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