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Abstract-This paper describes the construction phase of a 

corpus of everyday life sounds for a system of separation and 

classification of audio sources in a habitat; an application of 

telemonitoring of the elderly or disabled. We first presented the 

key concepts of the research area, and then we presented works 

and projects that address detection of distress situations and 

recognition of activities. Finally, we studied the different sounds 

used in an application of telemonitoring from which we are 

inspired to create our database. 
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I. INTRODUCTION 

Activity recognition is an active research area [2, 3, 4, 5, 6] 
but despite this, it has not yet reached a satisfactory 
performance, or resulted in a standard methodology [1]. 
Among the objectives of this area we quote: recognition of 
distress situations of the elderly or disabled people in their 
habitats with the aim of their surveillance. The help of elderly 
and disabled people from a remote location with the use of 
information and communication technologies and artificial 
intelligence techniques and tools is part of what we call "Health 
Smart Homes" (HSH). Several tools were used to meet this 
objective such as infrared sensors, cameras and microphones, 
but given the high cost of these tools, the large number of these 
sensors and the need for interaction research tends towards the 
use of the audio channel. We cite as an example the system 
AUDITHIS [I] which allows the analysis of sound and speech 
in the HIS from 8 microphones. 

The whole idea of our work is the realization of a system of 
classification and separation of audio sources in a habitat for an 
application of telemonitoring of the elderly or disabled people. 
However, several problems have arisen [4], such as the choice 
of parameters, choice of classification methods, sound quality 
(presence of noise), volume of information (several signals 
from different channels are acquired simultaneously), presence 
of noise, and finally the problem of defining a database of 
everyday life sounds which is the goal of this paper. 

In this paper, we first presented the key concepts of the 
research area, and then we presented works and projects that 
address recognition of activities and detection of distress 
situations in a HSH. After that, we have described the overall 
system architecture and its main modules. Finally, we studied 
the different sounds used in a telemonitoring application from 
which we are inspired to create our database. 
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II. KEY CONCEPTS 

In this section we present the definition of telemedicine and 
health smart homes which are the key concepts of our research 
area. 

A. Telemedicine 

The term "telemedicine" defines systems using video, 
audio, digital information and other communication tools 
coming from the technology to transmit information and data 
relating to medical diagnosis and medical treatments, and 
providing care and health services to patients located in remote 
physical environments [19]. Originally, the defmition applied 
to advisory services delivered primarily through interactive 
video, but since the advent of the Internet and the multimedia, 
"telemedicine" has evolved into the "telehealth " which has a 
wider scope than telemedicine networks, and considers not 
only patient education, prevention of disease and therapeutic 
decision making, but also the administrative resources, the 
patient's physiological data and medical databases [20]. 

B. Health Smart Homes 

The smart home is a scope of Information and 
communications technology (ICT), which has seen a great 
interest in the scientific community in recent years. It is a 
habitat equipped with information and communication facilities 
designed to work together to anticipate and meet the needs of 
occupants, working to promote their comfort, safety and 
entertainment while preserving their natural interaction with 
environment [23]. 

An important application of smart home is Health Smart 
Home. In the medical field, the main challenges of HSH are: 
home healthcare, telemedicine and sociomedical teleassistance. 
Priority targeted populations are the elderly or isolated people, 
chronic patients (physically disabled, cardiopathes) and persons 
under temporary medical supervision (pregnancies at risk, etc.). 

III. WORKS AND PROJECTS RELATED TO RECOGNITION OF 

ACTIVITIES AND DETECTION OF DISTRESS SITUATIONS 

Recognition of activities and distress situations are made 
through the information provided by the sensors installed in the 
HSH. A popular trend is to use the maximum of sensors to 
acquire more information. An opposite trend is to use the 
minimum amount of sensors [1] in such a way to design the 
most powerful system possible and at lower prices. Since we 
are interested in the second trend, we chose the audio channel, 
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although a small number of systems have the capacity to 
recognize the audio [26,27], we present here the systems that 
process the detection of activities in the habitat basing on the 
treatment of information of sound type. 

In this section, we present a series of works that deal with 
the recognition of the activities and the detection of distress 
situations and their application in health smart homes. 

Maunder et al. in [7] who built a database of sounds of 
daily life acquired by two microphones in a kitchen. They tried 
to differentiate between sounds such as telephone, a cup 
falling, drop a spoon, etc. Another group in [8] collected 
sounds in an office environment and tried unsupervised 
algorithms to classify the sounds of everyday life at work. The 
work presented in [9] is to recognize the distress situations at 
home in embedded situations using hardware at affordable 
prices (with standard sound cards and audio microphones). 
Another trend [10] is to perform speech synthesis, speech 
recognition, and the construction of a coherent dialogue with 
the person. Such research has applications in robotics, the aim 
is then to accompany the person and reduce loneliness. 

The work presented in [I] is a complete sound recognition 
system to identify the different sounds in the apartment to 
recognize the activities of daily living currently performed, 
combined with a voice recognition system in French to fmd 
distress keywords within the measured signal. Thus, the CARE 
project [15], with the use of many sensors (localization, 
temperature ... ), allows the recognition of activities: "going the 
toilet" and "Exit the apartment." In Britain, [16] created a 
model that distinguishes the work of preparing a hot or cold 
beverage with health activities based on the theory of evidence. 
[17] Presents the selection and arrangement of a set of sensors 
(infra-red detectors, door switches, microphones ... ) in an 
apartment, to classify a set of seven activities of daily living: 
rest, dress, casual, dining, communication, hygiene and 
disposal. [18] Uses microphones to detect a special distress: the 
fall. The solution is based on floor vibration and acoustic 
sensing, and uses a pattern recognition algorithm to 
discriminate between human or inanimate object fall events. 

IV. OVERALL SYSTEM ARCHITECTURE 

An application of sound recognition is composed of two 
main modules: the extraction module of the most relevant 
acoustic parameters of the processed signal, and the recognition 
module that associates the sound with the corresponding class 
(most likely); it is the identification phase of the input sound. 

Our system is composed of two subsystems: 

• The first subsystem deal with the detection of sounds 
in noise and their separation (mixture of sounds); input 
for the second subsystem. 

• The second one is a classifier, which may be SVM, 
HMM based, or other type of classifier, used to 
classify the sounds resulted from the first subsystem. 
The figure Fig. I shows the overall architecture of the 
system. 

The implementation of such a system requires first the 
construction of an everyday life sound database. For pattern 

recognition systems, there are always standard databases for 
the assessment of proposed systems. However, the construction 
of everyday life sound database in real conditions 
(environmental noise) is largely less explored. 

Sounds in noise 

4+-
Classification 

Figure 1. : Main system modules 
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In effect, sounds acquired by the acquisition system and 
from different sources are acquired together. If we consider the 
number of microphones installed in the apartment is n, then we 
have n sound sources in a time t and therefore the information 
gained may be the same but with a variation in the signal 
power (e.g. the object falling sound in the kitchen can be 
acquired simultaneously by all microphones of the apartment: 
bathroom, living room, etc. but the sound of the fall in the 
kitchen is the strongest) and this if we consider that there is no 
noise in the apartment, or several sounds can be acquired 
simultaneously, e.g. TV sound in the sitting-room, the flow of 
water in the bathroom with the cough sound of the habitant. It 
is therefore important to identify the sound to take into account 
i.e. choose the sound the most provider of infonnation. 

The detection and separation phase is very important, it 
enables: 

• A void duplication of information to process and thus, 
save time and storage space. 

• A good determination of a distress situation if it is 
done with caution. 

When the signals to be processed are selected, it is time to 
classify them. The classification is done at two levels: 

• Classification of sounds like sounds of everyday life or 
speech. 

• Recognition of the sound class or speech. 

Depending on the resulting sound class or recognized 
speech, the system will send or not an alarm. 

V. EVERYDAY LIFE SOUND DATABASES 

In this section we present some existing databases of 
everyday life sounds and how these sounds are divided into 
categories. 

In [12,21,11], Fleury, Vacher and AI. have defmed six 
categories of sounds except the speech: human sounds which 
are related to the person, objects and supplies manipulation 
linked to the activity of the person, outside sounds, devices 
sounds, sounds of ruuning water; this particular category 



provides interesting infonnation on activities such as disposal, 
hygiene, meal preparation. The last category of sounds is other 
sounds. Examples of each category are described in the table 
below. 

TABLE I. SOUNDS CATEGORIES TN A HABITAT 

Sound 
Examples 

category 

Cough, gargle, sigh, singing, whistling, 
Human sounds wiping 

Objects and supplies 
Search a bag, Manipulation of the chair, 

manipulation 
handling a tray, sounds of footsteps, falling 
objects, sound of paper 

Devices sounds 
phone ringing, beep, TV 

Sounds of running water Handwashing, sink drain, flush, water flow 

thunder, rain 
Outside sounds 

Other sounds 

In the Framework of the RESIDE-HIS project sounds are 
divided into two categories [13]: Useful Sounds (impulsive and 
short) as: Falling objects, broken glass, door slamming, etc., 
and environmental noise (long and stationary) as: the flow of 
water, hair dryer, electric shaver, etc. 

Istrate in [14], for example, achieved a database of 
everyday life sounds for an application of telemonitoring of 
elderly and disabled people in a habitat. Its methodology for 
achieving this database is based on the one used in the speech 
database with regard to labeling and description files. The 
sound database is organized as follows: 15% of sounds 
recorded in the studio, 15% of the sounds recovered from a CD 
of effects for films [24] and 70% of sounds coming from the 
CD "Sound scene database in Real Acoustical Environments 
"(RWCP) laboratory ATR [25] . In [22], he has defmed seven 
classes of sound: door slamming, broken glass, ringing phone, 
footstep sounds, screams, sounds of dishes, door lock. The 
corpus contains both the sounds associated with distress 
situations such as broken glass, falling objects, screaming, but 
also the usual sounds like the sounds of footsteps, door 
slamming, and sounds of dishes. The database must also 
contain the environmental sounds, such as TV, radio, hair 
dryer, water flow, considered as noise [14]. 

Everyday life sounds database of [14] consists of the 
following sounds: stapler sounds, clapping, moving the chair, 
human sounds (sneezing, yawning, laughing, snoring, 
coughing), opening a pressure vessel, crease or decryption of 
paper, footstep sounds, punch sounds, slamming different 
doors (entrance door, cabinet, refrigerator), electric shaver, hair 
dryer, door lock, dishes, chair and book fall, screams, water 
flow in sink, shower and glass, ringtones, health smart home 
background noise. 

Information source of sound sensors can be [14]: 

• Direct source for distress situation: 

Recognition of distress call 
Detection of suspicious sounds (objects 
falling, screaming) 
Long absence of sound activity during the 
day 

• An indirect source: Detection of a sequence of 
everyday life sounds by analyzing over a long period 
can be a symptom of pathology as nocturnal urinary 
disorders. The lack of activity during the day can be an 
indicator of a grave distress situation. 

VI. How TO CREATE OUR DATABASE? 

A. Description o{the Sound Database 

Sounds may be speech or everyday life sounds. In order to 
create our database, we have divided everyday life sounds into 
two categories: 

• Normal Sounds (related to usual activities): ex. door 
slam, door lock, door opening, phone ringing, footstep 
sounds, and sounds of dishes. 

• Critical sounds (possibility of existence of a of distress 
situation): ex. broken glass, falling objects, screaming. 

Normal sounds are divided into two categories too: 

• Useful sounds: which may help us to detect distress 
situation when combined with other information. 

• Disturbing sounds: considered as noise, like television 
and radio sounds. 

As it is described in [14], a part of our DB (database) is 
obtained by recording different types of sounds; a second part 
will be obtained from commercial CDs, the third part by 
extracting sound from mp3 or videos files. The last part will be 
recovered from existing DBs like the ones created in [1,14,13]. 

Our principle of choice of sounds is to expand the class of 
sounds as much as possible to ensure a high rate of recognition 
and thus reduce the error rate on one side, the other side, 
exploit this database to achieve other objectives such as the 
recognition of activities. Consequently, it should be noted that 
even if the sound does not appear significant, it is involved in 
the recognition of activities when combined with other 
infonnation. 

The list of sounds we need for our application is 
summarized in the table below: 

B. The Recording Parameters 

We chose a sampling frequency of 44.1 KHz to faithfully 
reproduce the signal after digitization. We chose the ". Wav" 
fonnat for sound files because it is a standard format, and can 
be read by various software, in addition to that its conversion to 
other formats is easy [14]. 

The signal to noise ratio SNR of the recordings will take 
several values that vary between 10 and 40 to 70 dB. The exact 



values are not yet defined. The length of the sound files is 20s. 
This length was chosen taking into account the maximum 
length of sounds to be treated and seeing that the initialization 
time for some algorithms is ;::::; 5s [14]. The figures below, 
mention examples of some recorded sounds using Matlab 
environment. 

TABLE II. SOUNDS PRODUCED TN THE HABIT AT 

Sound Speech 

Critical Normal sounds Dai(v Distress 
sounds speech words 

Useful sounds Disturbing 
sounds 

screaming, Sounds of TV, I need 
falls of dishes, doors Radio, help, 
objects, closure, doors phone For help, 

glass opening, door ringing, Ate!, 

breaking, slamming, Electrical It hurts, 

a long sounds of devices 
silence footsteps, sounds, 

Water flow, external 
coughing, noise. 
yawning. 

J-��� 
--------------------------------------------------

Figure 2. : Temporal evolution and spectrogram of falling object 

Figure 3. Temporal evolution and spectrogram of a phone ringing 

VII. CONCLUSION 

In this paper, we have made an overview on Health Smart 
homes and telemedicine, and then we presented various works 
related to recognition of activities and detection of distress 
situations. Subsequently, we described the existing databases 
created to validate systems of telemonitoring of elderly or 
disabled people via the detection of distress situations. Finally, 
we presented our gait to creating sound database which is in 

progress, knowing that the detailed steps of database creation 
were not covered here because it is not yet completed. 
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