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Abstract
The AED (Acoustic Event Detection) and SSR (Sound

Source Recognition) systems are increasingly used in
projects involving home automation, security, help for
the visually impaired or for the elderly who want to pur-
sue projects of independent living. The application of
such technologies can also become a valid reference in
the case of subjects suffering from cognitive, not just
physical, deficits (Down syndrome, autism, etc.). In these
cases remote assistance systems can represent a strong
support both for the people who take care of them
(parents, specialized personnel), and also for people with
cognitive disabilities to pursue projects of independent
living. Based on the study of the peculiarities that the
internal spaces hosting activities for people with various
cognitive deficits must have, criteria for acoustic comfort
and internal design have been optimized for certain types
of living, working and resting spaces. The aim of this
work is to understand how the indoor sound field of
dedicated rooms may affect boundary conditions for the
installation of AED and SSR and how the specific interior
design for special spaces may influence the speech intel-

ligibility and clarity of these rooms.

1. Introduction

Acoustic Event Detection systems (AED) are de-
signed to detect anomalous acoustic events and
were developed to assist video surveillance sys-
tems (Pagin, 2016). They are based on the peculiari-
ties of a sound signal that can be composed of very
different time or spectral characteristics, different
amplitude levels (consequently, different signal-to-

noise ratio) and different duration. The detection
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algorithms are based on pre-processing techniques
necessary to detect potential alarm signals, such as
the sensitivity of the detection algorithm (i.e. the
ability to detect irregularities whose level is more
or less close to the background noise) and the
adaptability to sudden or slow changes in the sig-
nal (with respect to the variability of the back-
ground noise) (Dufaux, 2001; Tronchin, 2013).
These systems are mainly used for "security" in
outdoor environments or large environments (gar-
ages, airports, stations, etc.).

Sound Source Recognition systems (SSR) are more
recent devices, which have allowed the passage
from the request for help through a "button device"
to the immediate sending of a distress call through
the use of one's own voice or the recognition of a
specific event. These technologies are becoming
increasingly popular today, especially thanks to
the development of home automation techniques
within the Smarthome, i.e. those spaces that use a
home controller to integrate the various home au-
tomation systems (Robles and Ki, 2010; Tronchin
and Coli, 2015).

Sensors can provide information about a person's
posture and movement or detect a fall. Smar-
thomes are therefore useful for measuring a per-
son's activity or for helping people with, for exam-
ple, cognitive or physical disabilities in their daily
activities (Fleury et al., 2008).

There have been many projects on acoustic recog-
nition algorithms over the years (Chang and
Chang, 2013; Foster et al., 2015; Janvier et al., 2012 ;
Lecouteux et al., 2018; Yong and Kean, 2014;

Zhang et al.,, 2015). The systems involved use one
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or more microphones, or are even embedded in
robots that allow the subject to be followed very
closely. As far as voice command is concerned,
these systems are able to analyse and recognize
many characteristics, including: intensity, timbre,
rhythm, level. This makes it possible to distinguish
whether the sending of an alarm may or may not
be necessary.

Such systems therefore also allow non-autonomous
people to maintain control of their environment
and activities, their health, their well-being and
their sense of dignity (Portet et al., 2011). Many of
the studies presented so far see the elderly as the
main stakeholders, in particular at that stage of
their life when they are still able to look after
themselves but need help to manage some difficult
tasks or any situations of risk, danger and accident
(Yoshioka et al., 2012).

The problems encountered during the implementa-
tion phases of this type of device are related to the
background noise (Biagetti et al., 2011) and internal
reverberation conditions of the environments (Pi-
ana et al., 2014; Yoshioka et al., 2012). It has been
shown, for example, that recognition performance
decreases significantly as soon as the microphone
moves away from the user's mouth (e.g. when po-
sitioned on the ceiling) due to increased reverbera-
tion and the influence of background noise. The
results under such conditions are optimal up to
conditions of Tr=0.5 s and with the presence of
speech and classical music in the background but
not for the noise of technological systems or some-
thing similar (Lecouteux et al., 2011). Reverbera-
tion can be modelled as additive interference (Ki-
noshita et al., 2013).

The aim of this work is to understand how the in-
door sound field in dedicated rooms may affect
boundary conditions for the installation of AED
and SSR and how the specific interior design for
special spaces may influence the speech intelligibil-

ity and clarity of these rooms.

2. Materials and Methods

A case study was chosen in order to understand
acoustic proprieties of buildings dedicated specifi-
cally to people with cognitive impairment. The

232

AUDI! Project had some stakeholders; one of them
was Progettoautismo FVG Onlus, an association
from the Friuli Venezia Giulia region (ITA) that
supports people with autistic syndrome, Pervasive
Developmental Disorders or Asperger's Syndrome
and their families.

The selected rooms for possible application of the
acoustic sensors were: (i) four different individual
therapy rooms (speech therapy, psychomotricity,
etc. Fig. 1), (ii) a soft room (multisensory room for
the well-being of children and adults with autism,
Fig. 2), (iii) an atelier (art workshop, Fig. 3) and (iv)

a bedroom in the residential apartments (Fig. 4).

Fig. 1 — Box for individual therapy

Fig. 3 — Atelier
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Fig. 4 — Bedroom

The rooms for individual therapy are of different
sizes, rectangular in shape, with an entrance door
and no outdoor window, with very few interior
furnishings (a table and two chairs, few toys and
adhesive wall), with ceiling lights and sound ab-
sorbing panels. Some therapy rooms also have
glass behind them so that relatives or other staff
can attend the therapy session. They are made of a
prefabricated structure consisting of pre-painted
sheet metal/insulating material/pre-painted sheet
metal type and are located in an area of the build-
ing which is particularly acoustic insulated from
external noise and noise coming from inside the
other parts of the building. These spaces have to be
very quiet, because this is one of the particular
needs for users. Here a single operator works with
a single patient and it is of paramount importance
that nothing may disturb the quiet relationship
between operator and patient during the therapy.
For this reason, the particular need for voice
recognition devices is to recognize a help request
from the operator, for example, through the recog-
nition of a keyword, said without alteration of the
voice (i.e. without screaming) and without making
the patient understand the meaning of this request.
The soft room is located inside the day-centre,
equipped with impact resistant layering on the
walls (up to about 2.10 m height), resilient flooring
and soft cubes arranged in the space, useful both
for playing and limiting patients in particular mo-
ments of venting and crisis. As for the use in the
latter conditions, in which only the patient is left in
the room while the operator monitors from outside
through a window, the recognition device can rec-

ognize events (screams, blows) and activate a pro-

cess of help request, i.e. alert an additional opera-
tor and simultaneously trigger a process of audio-
visual support inside the box.

The atelier (or art room) is a very large room, used
for collective works, where inside you can find
more guests and more operators. Here too, the par-
ticular need for voice recognition devices is to rec-
ognize a help request from the operator, for exam-
ple, through the recognition of a keyword, said
without altering the voice (i.e. without screaming)
as described before.

A typical room in the residential apartments is 9 or
12 m? (hosting one or two patients) and has big
outdoor windows and a private bathroom. Guests
can spend the night alone, while the operator re-
mains in a neighbouring room. The use of the
acoustic recognition device becomes helpful to the
operator in the next room as they can be instantly
warned.

All simulations were performed using 3D acoustic
simulators in order to obtain the indoor acoustic

field distributions.

3. Results and Discussion

The applicability of a sound recognition device
within a room is related to acoustic parameters
such as reverberation time, clarity, definition and
background noise. The performance of a speech
recognition system in fact decreases significantly
with the increase of the distance between the mi-
crophone and the source that emits the signal to be
recognized, due to the increase in number of reflec-
tions and the influence of background noise.
Optimal conditions are represented by Tr=05+0.7 s,
clarity Cs0>3 dB and definition Ds0>70% (Lecouteux
et al., 2011; Farina and Tronchin, 2013; Kinoshita
et al., 2013).

Reverberation has a dispersive effect on the charac-
teristic sequence of speech. The energy ratio be-
tween the direct sound part and the first reflections
and late reflections is represented by parameters
Cso and Dso and is highly correlated to the perfor-
mance of speech recognition.

In order to understand the real applicability of the
sound recognition systems within the analysed

spaces, a campaign of on-site acoustic measure-
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ments and simulations with acoustic predicting
software was performed. The on-site acoustic
measurements were conducted with impulsive
technique in accordance with standards (ISO 3382).
The measurements made it possible to analyse the
acoustic characteristics in terms of internal rever-
beration and were used for the calibration of the
raytracing model. Fig. 5 shows the images of the
rooms recreated for the acoustic simulation pro-
gram and Fig. 6 shows the results in terms of
reverberation time in octaves of frequency, which

demonstrate a good agreement between the in situ

and simulated results.

a) Therapy room n. 1 b) Therapy room n. 2

c) Therapy room n. 3 d) Therapy room n. 4

e) Soft room f) Bedroom

g) Atelier

Fig. 5a—g — Images of the rooms recreated for the acoustic simu-
lation program
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Fig. 6a—g — Reverberation time octaves frequency comparison: in
situ results VS simulated once

The results obtained show that therapy rooms
number 1 and 3 have optimal acoustic conditions
for the use of speech recognition devices inside the
rooms, while therapy rooms 2 and 4 (larger than
the previous ones) need further sound absorbing
treatment. The spatial distribution of the reverbera-
tion time parameter inside therapy room n. 2
(Fig. 7) shows how the corner positions of the room
do not represent the optimal points of dislocation
for the devices. It is therefore better to choose more
central ceiling positions, setting the sensor sus-
pended (not adjacent to the ceiling).

The spatial analysis by means of acoustic simula-
tion of parameters Cso and Dso (Fig.s 8 and 9) also
shows that the optimal spots for the acoustic recog-
nition devices are a location as near as possible to
the subject emitting the keywords. This means that
two possibilities are imaginable: (i) defining the

doctor-patient position inside the room and then
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fixing the recognition device at a single point, or
(ii) installing several devices spatially covering

most movements of the doctor and patient during

|

b) Front view

therapy.

-

a) Top view

Fig. 7 — Simulated RT for therapy room n. 2: spatial distribution at
1000 Hz (graduation range from dark blue = 0.8 s to red = 0.9 s)

a) Top view b) Front view

Fig. 8 — Simulated Cso for therapy room n. 2: spatial distribution at
1000 Hz (graduation range from dark blue = 7.5 to red = 14)

4

a) Top view

b) Front view

Fig. 9 — Simulated Ds, for therapy room n. 2: spatial distribution at
1000 Hz (graduation range from dark blue = 0.85 to red = 1)

The same results obtained for therapy room n. 2
and 4 can be applied to the atelier: the larger di-
mensions of the room certainly require the applica-
tion of several devices in order to reach and cover
all the indoor space.

The soft room has low values of reverberation time
(Fig. 10) because of the "soft" furniture intrinsically
composed by sound-absorbing materials like poly-
urethane foams. Spatial distribution of Clarity and
Definition (Fig. 11) are quiet good and it can be
seen that a single sound suspended recognition
device placed centrally on the ceiling can be suffi-
cient for this type of room, and with the presence

of one single user inside at a time.

”

)

a) Top view b) Front view
Fig. 10 — Simulated RT for soft room: spatial distribution at 1000

Hz (graduation range from dark blue = 0.3 s to red = 0.4 s)

a) Top view

b) Front view

Fig. 11 — Simulated Dso for therapy room n. 2: spatial distribution
at 1000 Hz (graduation range from dark blue = 0.9 to red = 1)

For the bedroom, the reverberation, clarity and
definition are optimal for the application of sound
recognition devices; at least one must be provided
inside the bathroom and one should be provided
inside the room. Positions of angle and proximity
to the ceiling should be avoided. Obviously, how-
ever, the dimensions and the furnishings, opti-
mized for the typical user, make the positioning of
this device more "selective". For example, the pres-
ence of a wall fully equipped with windows, the
location of the cabinets, the position of the bed and
the presence of desks should be known in advance
in order to choose the correct positioning of the

devices.

4. Implementation

The procedural guidelines (Designing guidelines,
2008) for the design of spaces for people with cog-
nitive disabilities such as autism, provide already
optimal conditions for the introduction of assistive
systems such as acoustic recognition devices.

More important is the need to have simple and
relaxing spaces: linear and well-proportioned ge-
ometries are positively evaluated, which guarantee
good sound reverberation and good acoustics,
without sources of noise that may cause distraction
or discomfort (it is better to choose radiant heating
systems on the ceiling or floor and natural or forced

ventilation systems with acoustic attenuators).
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People with autism are extremely sensitive to
stimuli and because of the difficulty of filtering
foreground and background information are often
able to perceive details that normal people may not
notice. The fundamental concept of "simplicity" for
living spaces leads to a reduction to a minimum of
the furnishing accessories in the rooms (Balisha,
2017; De Giovanni, 2015; Schrank and Ekici, 2017)
and, above all, to the avoidance of the insertion of
suspended soundproofing elements (buffers, cur-
tains, etc.).

Rooms with long reverberation times, with acous-
tically highly reflective surfaces (i.e. those with
large volumes and hard surfaces), are particularly
unsuitable for many types of children's needs:
some children with autism, for example, will find
the room distressing. Children with hearing prob-
lems may also find the noise painful because it is
amplified by their hearing aids.

All this means that the internal acoustic qualities of
the room should be provided by the finishes of the
walls, floors and ceilings. Moquette, for example, is
soft and sound-absorbing, but difficult to clean. It
is better to choose a linoleum flooring, perhaps
choosing models with certified sound absorption
coefficient values measured in accordance with the
standard ISO 354. The walls can be covered with
micro-perforated sound-absorbing panels, taking
care not to alter the continuity of the wall itself. It
is necessary to avoid creating elements that capture
the eye and attention. Alternatively, furnishing
accessories with sound absorbing elements on cer-
tain strategic points can be considered (the floor
above the wardrobes or the lower part of the desk
table, for example).

Fig. 12 shows some examples of the comparison
results of the obtained acoustic simulations, start-
ing from the studied rooms without furniture and
sound absorbing elements, and then gradually im-
plementing the necessary sound absorbing units in
order to optimize the internal parameters of rever-
beration, definition and clarity. The procedure
makes it possible to define in advance the installa-
tion positions of the necessary sound recognition
devices, depending on the use that is made of the
room and the operating needs required from time

to time.
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a) Without sound absorbing materials (graduation range: from
dark purple 1.39 s —tored 1.44s)

b) With optimized sound absorbing materials

Fig. 12 — Comparison of simulated RT for therapy room n. 1:
spatial distribution at 1000 Hz (graduation range: from dark
purple 0.66 s —to red 0.69 s)

Specifically, for room therapy n. 1, the sound ab-
sorption measurements were performed using only
sound absorbing panels on the ceiling in order not
to alter the simple and clean look of the room and
without the insertion of elements of possible dis-
traction for the patient. Considering the possible
positions in the space of the therapist and patient,
the optimal positions for the sound recognition
devices are along the longest sides of the room, at a
height of about two meters from the ground.

For the bedroom, the sound absorption measure-
ments were performed both through the insertion
of sound absorbing panels on the ceiling/high part
of the side walls and through the use of interior
furnishings (Fig. 13). Here, considering the pres-
ence of large glass surfaces (for guests it is in fact
better to choose as many sources of natural light as
possible) and the need to insert furniture at full
height (in order not to create discontinuity in the
geometries, which can disturb the attention of the
guest), it becomes advisable for the positioning of
recognition devices to have a free wall on which to
install one or two elements (depending on the size
of the room) without obstacles that limit the scope

of the operation (Fig. 14).
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Fig. 13 — Example of optimized internal design for bedroom

Fig. 14 — Example of optimized positions of recognition devices
for bedroom (the room's internal colors represent the spatial
distribution of the reverberation time parameter at 1000 Hz)

5. Conclusion

In this study, the results of the three-dimensional
acoustic simulation of the spaces used by people
with cognitive disabilities are presented, in order
to understand the effective applicability of acoustic
systems for remote voice monitoring and control.

It has been shown that interior design is very influ-
ential on acoustic fields and for this reason it may
or may not allow the installation of AED and SSR
technologies.

The inclusion of acoustic sensors, especially if
combined with additional intelligent sensors moni-
toring and adjusting the environmental conditions
(e.g. temperature, humidity, and acoustics) will
allow a life as independent and autonomous as
possible to people with cognitive disabilities, en-
suring privacy and security. This technology will
also make it possible to remotely deduce the state
of people through centralized architectures by col-
lecting data from a set of sensors deployed in their

living environment.
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Nomenclature

Symbols

AED acoustic event detection
SSR sound source recognition
TR Reverberation time [s]
Cso Clarity (dB)

Dso Definition [%]
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