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Human Activity Recognition and Fall
Detection Using Inertia Sensors of
Mobile Phone

Abstract

Inertial sensors (accelerometers, gyroscopes) became
important components included in approximately all smart phones,
and used in many applications. In this work, a dataset has been
recorded from an accelerometer and a gyroscope of a smart phone
carried by 10 volunteers while executing 7 actions, 6 normal daily
actions beside of simulation of fall. Volunteers have executed every
action many times. An intelligent system for human action
recognition was designed, trained and tested using recorded data.
The recognition system depended on a mechanism to nullify the
effect of change in smartphone orientation while it is carried, and in
feature extraction it depended on statistical features, and for
classification it used a modified multi class SVM of type (1 VS all).
A 92.52% classification accuracy was accomplished, and Wilcoxon
signed rank test showed that the proposed classifier significantly
outperforms KNN and traditional multiclass SVM at significance
level of 0.05.

Keywords: Machine learning, Support vector machine, SVM, Genetic algorithm, GA,
Inertia sensors, Human activity recognition, HAR, Smart phone.
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90.03 89.4 88.82 86.06 80.21 mean
0.229 0.227 0.31 0.382 0.548 | Std. dev.

Y060 anay qupi iy L i die dasiiiial) cilibull duadd) cliiaall ciyiat 433 ¢(4) Jgad)

iae 25 | diae20 | ciias 15 | amis SVM
kNN

P s s iy
91.28 91.39 90.55 88.56 86.39
91.17 91.38 90.78 87.94 86.12
90.82 91.15 90.62 87.87 86.75
90.81 90.79 90.29 88.2 86.81
90.96 91 90.55 87.57 86.49

N AW N |-
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90.98 91.05 90.62 88.2 86.77
91.16 90.89 90.76 88.19 86.63
91.03 90.89 90.82 87.92 87.08
91.26 91.21 90.9 87.62 86.88
90.88 90.71 90.42 88.1 86.24 10
91.04 91.05 90.63 88.02 86.62 mean
0.174 0.235 0.189 0.297 0.302 | Std. dev.

o | Q|

Y70 axay qupdi Gl L i sie daadiual) cilibll Luadl) clilaal) Cisial 433 (5) Jgaad)

Gias 25 | diae 20 | diaea 15 | amia SVM

N N . £ kNN
SR 3 3 Al
92.4 92.34 91.43 89.06 90.99 1
92.63 92.47 91.81 88.82 90.56 2
92.37 92.25 92.22 89.53 91.03 3
92.39 92.52 91.95 89.04 90.38 4
92.36 92.79 92.19 89.85 90.57 5
92.62 92.57 92.24 89.47 90.05 6
92.72 92.68 92.08 89.41 90.38 7
92.7 92.51 92.37 89.47 90.49 8
92.42 92.41 91.74 89.31 90.49 9
92.59 92.42 92.03 89.05 90.07 10

92.52 92.5 92.01 89.3 90.5 mean
0.145 0.158 0.282 0.306 0.324 | Std. dev.

AR ) G e cliiaal) ¢a JSI ABAL gjlaall Cilai¥ly Bugiall ¢(6) Jgaad)

iias 25 [ iian 20 | ciian 15 [amiasVM [ | e s

3 3 3y il il
90.03 89.4 88.82 86.06 80.21 %50
0.229 0.227 0.31 0.382 0.548
91.04 91.05 90.63 88.02 86.62 %60
0.174 0.235 0.189 0.297 0.302
92.52 92.5 92.01 89.3 90.5

%70

0.145 0.158 0.282 0.306 0.324
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i anal A5l Ll s il ae Allal) peilial) 45 )ae Say Y
Q0 bt bl e i€ 8 Caaill il <S8 Eua [19] e ciayall gyl
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(7) Jsaadl poasy «(asiaad) are f) Lpasal) Al pall Caiiag agial) Caiin Laa
AL Sl (a0 pe Jlall Cand) il Al
Aalad) Sl aa Jad) ) il )8 — (7) Jsaad)

L PR )
%92.52 o COERY) e Alan) Cilow caeal) Lok AlT o Jone Chima | i)
Gl olsal [

%89 SVM sl glaa @l | [20]
%91.76 HMM iddl Gl z3sa | [21]
%93.8 CNN 48l dpaal)l i€l | [22]
%95.75 CNN 48| dyasl) i3l | [23]
%95 DRNN igenll Zyl,<ill dpcal) culSe3ll | [24]

Dl -6
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50 L o sl e Jpmall 255891 UL e pane CDLA
e Caunatl) Al adie) . lgie dblan) Cilaw padlat) S cCinlgd) olaal (s
& Jsaasl 2ty gl Ciadl e Jiae Cisiuall saxie acall ¢ b Al Caas
G ) Aslaany) chyay) cplal Llild) (e %70 5 eyl vie 92.52 4
vie iy 0.05 dusine gsine die Ll Clivad) e deadiod) Cunadl) 4407
allail ol 48y cuil L chlal) z hatul & Al ity ULl ad aladi)
) bl 8 Cag il A8y G o) Casill 13 8 dasensd o3 M) iyl
(il CasSle 3satg acall g lad AT Jie Aagdiil) ol il e chadic
SIS Branll alaill il e ciade) ) Slai) il e (35d0 ol L]
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