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A Fall Detection System based on the Type II Fuzzy Logic
and Multi-Objective PSO Algorithm

Azar Mahmoodzadeh®, Hamed Agahi & Mahsa Vaghefi
Department of Electrical Engineering, Shiraz Branch, Islamic Azad University, Shiraz, Iran

Abstract

The Elderly health is an important and noticeable issue; since these people are priceless resources of
experience in the society. Elderly adults are more likely to be severely injured or to die following falls.
Hence, fast detection of such incidents may even lead to saving the life of the injured person. Several
techniques have been proposed lately for the fall detection of people, mostly categorized into three classes.
The first class is based on the wearable or portable sensors [1-6]; while the second class works according to
the sound or vibration sensors [7-8]. The third one is based on the machine vision. Although the latter
methods require cameras and image processing systems, access to surveillance cameras -which are
economical- has made them be extensively used for the elderly.

By this motivation, this paper proposes a real-time technique in which, the surveillance video frames of
the person’s room are being processed. This proposed method works based on the feature extraction and
applying type-IlI fuzzy algorithm for the fall detection. First, using the improved visual background
extraction (ViBe) algorithm, pixels of the moving person are separated from those of the background. Then,
using the obtained image for the moving person, six features including ‘aspect ratio’, ‘motion vector’,
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‘center-of-gravity’, ‘motion history image’, ‘the angle between the major axis of the bounding ellipse and the
horizontal axis’ and the ‘ratio of major axis to minor axis of the bounding ellipse’ are extracted. These
features should be given to an appropriate classifier.

In this paper, an interval type-II fuzzy logic system (IT2FLS) is utilized as the classifier. To do this, three
membership functions are considered for each feature. Accordingly, the number of the fuzzy laws for six
features is too large, leading to high computational complexity. Since most of these laws in the fall detection
are irrelevant or redundant, an appropriate algorithm is used to select the most effective fuzzy membership
functions. The multi-objective particle swarm optimization algorithm (MOPSO) is an operative tool for
solving large-scale problems. In this paper, this evolutionary algorithm tries to select the most effective
membership functions to maximize the ‘classification accuracy’ while the ‘number of the selected
membership functions’ are simultaneously minimized. This results in a considerably smaller number of
rules.

In this paper to investigate the performance of the proposed algorithm, 136 videos from the-movements
of people were produced; among which 97 people fell down and 39 ones were related to the normal activities
(non-fall). To this end, three criteria including accuracy (ACC), sensitivity (Se.), and specificity (Sp.) are
used. By changing the initial values of the parameters of the ViBe algorithm and frequent re-tuning after
multiple frames, detecting the moving objects is done faster and with higher robustness against noise and
illumination variations in the environment. This can be done via the proposed system even in
microprocessors with low computational power. The obtained results of applying the proposed approach
confirmed that this system is able to detect the human fall quickly and precisely.

Keywords: Fall Detection, ViBe Algorithm, Type Il Fuzzy Logic, MOPSO.
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(Figure-1): General framework of the proposed algorithm for
the fall detection.
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(Figure-2): The visual representation of the effectiveness of the
moving object algorithms: a) the original image, b) the output
of the GMM, c) the output of the Frames Subtraction
algorithm, d) the output of the Type I improved ViBe
algorithm, e¢) the output of the Type II improved ViBe
algorithm, f) the output of the improved ViBe algorithm with

filter series applied to frames.
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podlae cpl golpiiny (g, o,Sles walol o
31 eals oli:la u—" sl o0l R [39] ool ol.f.sl.’ S9)y

45 ool ST pamg 200 gl b (w0 Cus slagiagg
el 0l cual GBI SO i o glad shdees SO L
alyg, wole egmas cld paiz 5l ogaug ol oKL
boiw g (g ol cauisaidy (ytid 8,00, Joli)
aS ool hSiS (o g aedd G o walize Slps 3D
5 gl YT goamo;o ailoads las oy 90 dlwga
Olojpd &ygods myed Cuid lawg a5 oals w85 L
.MQGA A.‘:‘)‘ ‘) 53«.\45 YfXA=\ iY 9 o 6)‘\)).’).)5@
olonl aig goaiz sboo oI5 (gl ools oKL ol ax 31
2 sladgly o pled (8,5 ,0550 Ga plgoe Lol oad
A0 0,90 b ools oL g |y o ccalise
by 5 llie cnl o ooty by, 285
2 o9 Sasly o pled poe by G ye0SS O jp0n
30 39250 OB | diged aw (F) JSo ol 428,35 i
Al 5l (W-F) UKo s oo Lad 1) ools oL slagsays
boin pas )0 olpiinn 0,8l e aseid slacls
3,8 bgduw aseid ool bl (z «o-f) sl IS 4

39 H H L H M H P
40 H H L H H H P
41 H H M L M H P
42 H H M L H H P
43 H H M H M H P
44 H H M H H H P
45 H H H L M H P
46 H H H L H H P
47 H H H H M H P
48 H H H H H H P
MOPSO o 5931 (gla el :(V-Jgu2)
(Table-2): The MOPSO algorithm parameters
Olyd ooy 5
(DX 0.5
] e po0 b ©yge a9 40400 oo ghals
&b ol el gc2 1/49
FOb M 0B 105l
B Jos Slaxs 10

S jlwdas g (3 Y

s 3l egoloiiing i ysSll o Slae ) 1 sl Wi (] yo

(SP) Larass §(Se) Cosles (ACC) cds L
G Tl a5 s Jline [38] ol ooy onlii

adel slaxs S 4y bgiw poc g byt oo pdlel slass

Dgdge demlxe nj alal, O g0 coul

TP+TN

ACC =
TP+TN+ FP+FN

% 100% 0+

oliil g o el slass FP g TP alul, cpl o aS
pas aLf.‘;..i‘:l ) P)Lc‘ Saxs FN 9 TN 9 .b}n....\
3 plal s Cumles bl (rizren canl bsis

19850 dele (V1) 5 (V1) Lasly; & 50

Se:Lxlo() aY)
TP+ FN
TN
Sp=—" %100
P~ IN+FP av)

Alae ol o bsin Gaseid wbls oL, &1y

3 ol cpl 51aS oals angs ol 8l e > 5l Pagg VY Tl

Clld 4 bgipe 390 YA 5 05,5 Lo 3,5 gy AV
el 004y (boghus pas) 0,039,

alolu 51 sdnlcwwsds s (0) JS& slo,loges

a5l ookl booldl baaw acseid jo golgsin

I Accuracy
2 Sensitivity
* Specificity

Y el skl Ivad Jlo

&


http://dx.doi.org/10.29252/jsdp.17.1.47
http://jsdp.rcisp.ac.ir/article-1-886-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-27 ]

[ DOI: 10.29252/jsdp.17.1.47 ]

)3 gloial s)lwding iz 98l 9 93 £95 SIS Fhaie 3 (e S 3l bgiw ouulsi alolw

LERV- WO |

§

wlales o Shae 392 5l (2l )Sol, s 211 (5 125 o
3 85 g polal (hilop S Bl 55 g sl
solita] s oanlive 45 jhuilan b &) Lgies meieds
Slall s easighmid ozl s, siloks
AL e S el sla> ol 4 pgal 55 ol
pioosdl adsl Claclas gla el lly o yesd b eizres
(oo SB aiz o 50 o008l saze (olas 5 ViBe
Sl iy Suaglio 5 Sy by S i plur| aieis
Shoslitul pol (pl 85 plnil bame )55 oot 5 4355 @
S5 b SosS slasibele o 1) solorin bl ol

S oo RSl 55 o8 Shsls

5- References &y -0

[11Y. S. Delahoz and M. A. Labrador, "Survey on
fall detection and fall prevention using wearable
and external sensors," Sensors, vol. 14, pp. 19806-

19842, 2014.

[2] S. Kulkarni and M. Basu, "A review on wearable
tri-axial accelerometer based fall detectors," J.

Biomed. Eng. Technol, vol. 1, pp. 36-39, 2013.

[3] K. Yang, C. R. Ahn, M. C. Vuran, and S. S. Aria,
"Semi-supervised near-miss fall detection for
ironworkers with a wearable inertial measurement
unit," Automation in Construction, vol. 68, pp.
194, 2016.

[4] P. Pierleoni, A. Belli, L. Palma, M. Pellegrini, L.
Pernini, and S. Valenti, "A high reliability
wearable device for elderly fall detection," /EEE

Sensors Journal, vol. 15, pp. 4544-4553, 2015.

[5TH. Al-Nashash, S. Khan, S. Naqvi, R. Zaheen, A.
Al-Ali, and A. Al Nabulsi, "[oT based multi-
sensor patient fall detection system," Healthcare
Technology Letters, 2019.

[6] N. Lapierre, N. Neubauer, A. Miguel-Cruz, A.R.
Rincon, L. Liu, and J. Rousseau, "The state of
knowledge on technologies and their use for fall
detection: A scoping review," [International
journal of medical informatics, vol.111, pp. 58-
71,2018.

[7]1 H. Rimminen, J. Lindstrém, M. Linnavuo, and R.
Sepponen, "Detection of falls among the elderly
by a floor sensor using the electric near field,"
IEEF Transactions on Information Technology in

Biomedicine, vol. 14, pp. 1475-1476, 2010.

[8]Y. Zigel, D. Litvak, and I. Gannot, "A method for
automatic fall detection of elderly people using
floor vibrations and sound—Proof of concept on
human mimicking doll falls," /EEE Transactions

Y el ) s,li YAl Jlo

(N

‘slbca.‘b 30 ua..:u'.u 9 aold elf.sb dLbn.v}s Aigod :(9—J&&)
.Ia,li.m (C &) ab,ﬁ.w PM(;&J‘)

(Figure-6): Samples of the frames of the database and detection
in different states. (a) Not-falling, (b,c) Falling.

60[{,..«“) uws) )‘ OM]WQM c.:l.u (\‘) J5J.>

Gaxg b TS ul-““ w3l oli;b Q—z‘ 89y y LAmass g
5o a..\...'bdlﬁ 61.&:&;&5) 5o A.'lé))lSA.g LgL&:)fuo Sl 9 &9
boomse piix oledbl oS slo gy 4 Cod @l
oo 5 Sles saipo)lis 09290 sla g, b awslas Jl>
Er &S oo plis s izres tiwl olehiny Ay,
@ s bogins 58,00yl e 15 sl Ay 3,90
Sl gl gl b oliil O jgody S K55 a5yl

Yo 5o gy (i 9 (0Ll (095 damns Lo (Y- Jgu)
Pt g Sl (5 jlano o

(Table-3): Comparison of the proposed approach with some
related methods based on the Sp and Se measures

*9) S g9 Se(%0) | Sp(%)
Auvinet et al. [16] Oy9d X 80.6 100
Rougier et al. [17] )9S N 95.4 95.8

Hung etal. [11] rygd iz 95.8 100
Ma etal. [10] &f&)sb 99.93 91.97
G
Yunetal. [12] Ot yed ST 98.55 95.84
wolginy Lo, ey S 99.01 97.46

& 5 aoeis - F
Sline 2 o131 bogis Lanieis sy sllale callia opl o
&9 36 gl sl oslital 5 iy polal by Jolos



http://dx.doi.org/10.29252/jsdp.17.1.47
http://jsdp.rcisp.ac.ir/article-1-886-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-27 ]

[ DOI: 10.29252/jsdp.17.1.47 ]

[19]

[20]

(21]

[22]

(23]

(24]

[25]

[26]

(27]

(28]

[29]

signal processing and pattern recognition, ed:
Springer, 2006, pp. 858-863.

M. Yu, S. M. Naqvi, A. Rhuma, and J.
Chambers, "Fall detection in a smart room by
using a fuzzy one class support vector machine
and imperfect training data," in Acoustics,
Speech and Signal Processing (ICASSP), 2011
IEEE International Conference on, 2011, pp.

1833-1836.

M. Yu, S. M. Naqvi, A. Rhuma, and J.
Chambers, "One class boundary method
classifiers for application in a video-based fall
detection system," IET computer vision, vol. 6,

pp. 90-100, 2012.

J.-L. Chua, Y. C. Chang, and W. K. Lim, "A
simple vision-based fall detection technique for
indoor video surveillance," Signal, Image and

Video Processing, vol .9 ,pp. 623-633, 2015.

K. Rezaee and J. Haddadnia, "Design of fall
detection system: a dynamic pattern approach
with fuzzy logic and motion estimation,"
Information Systems & Telecommunication, pp.

181,2014.

J. M. Mendel and R. B. John, "Type-2 fuzzy sets
made simple," IEEE Transactions on fuzzy

systems, vol. 10, pp. 117-127, 2002.

AForge.NET computer vision, artificial inte-
lligence, robotics. Available: http://www.afor-

genet.com/.

O. Barnich and M. Van Droogenbroeck, "ViBe:
A universal background subtraction algorithm
for video sequences," [EEE Transactions on

Image processing, vol. 20, pp. 1709-1724, 2011.

K. Ito, "Gaussian filter for nonlinear filtering
problems," in Decision and Control, 2000.
Proceedings of the 39th IEEE Conference on,

2000, pp. 1218-1223.

C.-C. Han and K.-C. Fan, "A greedy and branch
and bound searching algorithm for finding the
optimal morphological erosion filter on binary
images," IEEE Signal Processing Letters, vol. 1,

pp. 41-44, 1994,

E. R. Dougherty, "An Introduction to
Morphological Image Processing (Tutorial Texts
in Optical Engineering,” DC O'Shea, SPIE
Optical Engineering Press, Bellingham, WA,

USA, 1992.

B. Patel and N. Patel, "Motion detection based
on multi frame video under surveillance

on Biomedical Engineering, vol. 56, pp. 2858-
2867, 2009.

[9] M. Mubashir, L. Shao, and L. Seed, "A survey on
fall detection: Principles and approaches,"

Neurocomputing, vol. 100, pp. 144-152, 2013.

[10] X. Ma, H. Wang, B. Xue, M. Zhou, B. Ji,and Y.
Li, "Depth-based human fall detection via shape
features and improved extreme learning
machine," [EEE J. Biomedical and Health

Informatics, vol. 18, pp. 1915-1922,2014.

[11] D. H. Hung and H. Saito, "Fall detection with
two cameras based on occupied area," in Proc.
of 18th Japan-Korea Joint Workshop on Frontier

in Computer Vision, 2012, pp. 33-39.

[12] Y. Yun and I. Y. H. Gu, "Human fall detection
in videos via boosting and fusing statistical
features of appearance, shape and motion
dynamics on Riemannian manifolds with
applications to assisted living," Computer Vision
and Image Understanding, vol. 148, pp. 111-

122, 2016.

[13] N. Lu, Y. Wu, L. Feng, and J. Song, "Deep
learning for fall detection: Three-dimensional
CNN combined with LSTM on video kinematic
data," [EEE journal of biomedical and health
informatics, vol. 23, no. 1, pp. 314-323, 2018.

[14] A. Shojaei-Hashemi, P. Nasiopoulos, J.J. Little,
and M.T. Pourazad, "Video-based human fall
detection in smart homes using deep learning,"
IEEE International Symposium on Circuits and
Systems, pp. 1-5, 2018.

[15] R. T. Collins, A. J. Lipton, T. Kanade, H.
Fujiyoshi, D. Duggins, Y. Tsin, et al., "A system
for video surveillance and monitoring," VSAM
final report, pp. 1-68, 2000.

[16] E. Auvinet, F. Multon, A. Saint-Arnaud, J.
Rousseau, and J. Meunier, "Fall detection with
multiple cameras: An occlusion-resistant me-
thod based on 3-d silhouette vertical distri-
bution," [EEE transactions on information
technology in biomedicine, vol. 15, pp. 290-300,

2011.

[17] C. Rougier, J. Meunier, A. St-Arnaud, and J.
Rousseau, "Robust video surveillance for fall
detection based on human shape deformation,"
IEEE Transactions on circuits and systems for

video Technology, vol. 21, pp. 611-622, 2011.

[18] T. Zhang, J. Wang, L. Xu, and P. Liu, "Fall
detection by wearable sensor and one-class

SVM algorithm," in Intelligent computing in

Y el skl Ivad Jlo


http://dx.doi.org/10.29252/jsdp.17.1.47
http://jsdp.rcisp.ac.ir/article-1-886-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-27 ]

[ DOI: 10.29252/jsdp.17.1.47 ]

)3 glaial (5 )bwdine F’ig),ﬁl 999 £95 SIL ghiv y3 (Slue )3l bgdimw Hosstisi ailolw

LERV- WO |

Automation, Robotics and Vision, 2008.
ICARCV 2008, 10th International Conference

on, 2008, pp. 1567-1572.

[39] E. Auvinet, C. Rougier, J. Meunier, A. St-
Arnaud, and J. Rousseau, "Multiple cameras fall
dataset," DIRO-Université de Montréal, Tech.

Rep ,vol. 1350, 2010.

Sl ol 5 S e eoljogeme 43T
—By i A, o s oRasls
) ‘) ‘)JQ 9 M)| GAA’LA.AAJ)U &l_)‘)Jl?LA
e Slpbee B e a0,
olasl 0,5 Al 05 5 wels elKisls
ST olKiils [0 By (odigo 09,5 Hloliwl Lol > o
AS"JL“'MJ)L’ 9 6,..4.: 454...4 4)45@ uw)LJ).a ﬁ\>)+ﬁl)’ 4.‘5){.:
Ll S (5, L]
5l el O)le Hlagl aslll, slas
mahmoodzadeh@jiaushiraz.ac.ir

S b5 Sae BET sl
—By et ALD, o el oKl
o1y 1aSs g adl wlis 5w ,ad
e S -En omiie 4d,
S5 33 s g S el slaolKiils
oKisls 0O B (ew e 05; )L.{QL:-W‘ )‘4L> LJL> ) UL“"l
ol (cign o) ol b axly ol ol
ool g cmae ASE gl (0310 5 00 el dBle 050
RO N < P SIW|
5l el )le (Ll asbill) Slas
agahi@iaushiraz.ac.ir

I el Shae (SABlg Lo
— By g AL )0 Sy olRasls
PS5 as)) cwlis )5 oS sl
Sl (Sbjy owiiee 4L
ol sBasls g amls oKidls 3l cud S
J 5o plasl 0,8 A3l ol Slidss psle asly codlul
skl oljT olBisls ;o 5y (swdige 03,5 SLoliwl Lol>
LS)LQ" ‘SMJLo.MJ)lJ 9 (s 4&»...4 5JL.§H...¢ L}“’)b)" o&).g.ol.;

RGOS
5l el O)le Glagl sl Slas

vaghefi@iaushiraz.ac.ir

Y el ) s,li YAl Jlo

system," International Journal of Computer
Science and Network Security (IJCSNS), vol. 12,

pp- 100, 2012.

[30] G. Diraco, A. Leone, and P. Siciliano, "An
active vision system for fall detection and
posture recognition in elderly healthcare," in
Proceedings of the conference on design,
automation and test in Europe, 2010, pp. 1536-

1541.

[31] M. A. R. Ahad, Motion history images for
action recognition and understanding: Springer

Science & Business Media, 2012.

[32] G. Debard, P. Karsmakers, M. Deschodt ,E.

Vlaeyen, J. Van den Bergh, E. Dejaeger, et al.,
"Camera based fall detection using multiple
features validated with real life video," in
Workshop Proceedings of the 7th International
Conference on Intelligent Environments, 2011,

pp. 441-450.

[33] C. Wagner and H. Hagras, "Toward general
type-2 fuzzy logic systems based on
zSlices," I[EEE Transactions on Fuzzy

Systems, vol. 18, pp. 637-660, 2010.

Al M gage Sluje ey (G U slolos [YF]

D9 9 olSS 531 p (e o Sl sla e

i Sux (S gele polas Jolw )3 (e

Ao ools 5 oDle ijlop al Jad M o gess
ATAA AFV-1 0 Slomio X o)lads V8 0590

[34] Khodadadi E, Hosseini R, Mazinani M. Soft
Computing Methods based on Fuzzy,
“Evolutionary and Swarm Intelligence for
Analysis of Digital Mammography Images for
Diagnosis of Breast Tumors”, Journal and Data
Processing, vol. 16, no.2, pp. 147-165, 2016.

[35] M. Clerc and J. Kennedy, "The particle swarm-
explosion, stability, and convergence in a
multidimensional ~ complex space," I[EEE
transactions on Evolutionary Computation, vol.

6, pp. 58-73, 2002.

[36] V. Pareto, Cours d'économie politique vol. 1:
Librairie Droz, 1964.

[37] C. Coello Coello and M. Lechuga, "MOPSO: a
proposal for multiple objective particle swarm

optimization," in Proc., Evolutionary
Computation, 2002. CEC'02. Proceedings of the

2002 Congress on, pp. 1051-1056.

[38] H. Qian, Y. Mao, W. Xiang, and Z. Wang,
"Home environment fall detection system based
on a cascaded multi-SVM classifier," in Control,


http://dx.doi.org/10.29252/jsdp.17.1.47
http://jsdp.rcisp.ac.ir/article-1-886-fa.html

[ 22-2T-520z uo 1rde-dsiordps( wouy pspeojumo( | [ v T 2T dpslzse6e 0T (10a ]


http://dx.doi.org/10.29252/jsdp.17.1.47
http://jsdp.rcisp.ac.ir/article-1-886-fa.html
http://www.tcpdf.org

