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a  b  s  t  r  a  c  t

A  methodology  for acquisition  and  preprocessing  of measurement  data  from  infrared  depth  sensors,
when  applied  for  fall  detection,  combined  with  several  approaches  to  the  classification  of  those  data,  is
proposed.  Data  processing  is  initiated  with  extraction  of the  silhouette  from  the  depth  image  and  esti-
mation  of  the  coordinates  of  the  center  of  that  silhouette.  Next,  two  groups  of  features  to be applied
for  fall/non-fall  classification  are  extracted:  kinematic  features  (various  statistics  defined  on the  posi-
tion, velocity  and  acceleration  trajectories  of the  monitored  person)  and  mel-cepstrum-related  features
(components  of  the mel-cepstrum  obtained  by  means  of  an  unconventional  set  of  mel-filters).  Finally,
the  utility  of  these  features  in fall detection  is assessed  using  three  classification  algorithms  −  viz.  support
vector  machine,  artificial  neural  network,  and  naïve  Bayes  classifier  − trained  and  tested  on  two  datasets
consisting  of,  respectively,  160  data  sequences  (representative  of  80 falls  and  80 other  human  behaviours)
and  264  data  sequences  (representative  of  132 falls  and  132 other  human  behaviours).  The application  of
the  combination  of the  kinematic  and  mel-cepstrum-related  features  yields  highly  accurate  classification
results  − all  classifiers  achieved,  depending  on the dataset,  98.6–100%  and  93.9–97.7%  sensitivity.  Thus,
infrared  depth  sensors  can  be  promising  tools  for unobtrusive  fall detection.  They  provide  data  which
can  be  in  various  ways  preprocessed  to form  a basis  for reliable  fall  detection.  Appropriate  selection  of
the  feature  sets  directly  affects  the reliability  of unobtrusive  monitoring  systems,  and  −  indirectly  − the
quality  of life  of  the monitored  persons.

©  2017  Elsevier  Ltd.  All  rights  reserved.

1. Introduction

The European and North-American populations are aging
quickly. The problem of organised care over elderly persons,
especially those suffering dementia is, therefore, of increasing
importance. Hence the demand for research on new technologies
that could be employed in care services for such persons. Its pri-
mary objective is to examine the applicability of various sensor
systems for non-invasive monitoring of the movements and vital
bodily functions, such as heart beat or breathing rhythm, of elderly
persons in their home environment. The capability of such sys-
tems to detect dangerous events, such as person’s fall, is of key
importance since falls among elderly persons are the main cause
of their admission and long-term stay in hospitals: it is the sixth
cause of death for persons over the age of 65, the second for those
between 65 and 75, and the first for those over 75 [1]. There are
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three main categories of monitoring techniques already applied in
care practice − wearable, vision-based, and environmental [1,2]:

• The wearable techniques are based mainly on sensors, such as
accelerometers combined with gyroscopes, worn by a moni-
tored person [3,4]; those devices can take various forms, e.g.
belts, necklaces or bracelets. The signals, acquired by the sen-
sors, are transmitted via radio to a computer and analysed.
Unfortunately, wearable techniques are considered intrusive −
measuring devices have to be constantly attached to the person’s
body causing possible discomfort.

• The vision-based techniques are designed using fixed cameras
that continuously record the movement of a monitored person
[5,6]; the acquired data are processed by means of algorithms of
pattern recognition that trigger an alarm in case of danger. The
main limitations of these techniques are: the time and cost of
installation, the limited space of application (within the range of
cameras) and privacy violation.

• The environmental techniques are based on the installation of
sensors in the places to be monitored − e.g. pressure sensors on
chairs, cameras, and radio-frequency tags embedded throughout

http://dx.doi.org/10.1016/j.bspc.2017.09.006
1746-8094/© 2017 Elsevier Ltd. All rights reserved.

Po
br

an
o 

z 
ht

tp
://

re
po

.p
w

.e
du

.p
l /

 D
ow

nl
oa

de
d 

fr
om

 R
ep

os
ito

ry
 o

f W
ar

sa
w

 U
ni

ve
rs

ity
 o

f T
ec

hn
ol

og
y 

20
23

-0
5-

26

dx.doi.org/10.1016/j.bspc.2017.09.006
http://www.sciencedirect.com/science/journal/17468094
http://www.elsevier.com/locate/bspc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bspc.2017.09.006&domain=pdf
mailto:p.mazurek@ire.pw.edu.pl
mailto:j.wagner@ire.pw.edu.pl
mailto:r.morawski@ire.pw.edu.pl
dx.doi.org/10.1016/j.bspc.2017.09.006

