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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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90.01 89.46 89.21 86.06 80.23 6
89.78 89.25 88.58 85.53 79.12 7
90.19 89.31 89.04 86.04 80.56 8
90.27 89.63 88.82 85.88 80.11 9

90 89.48 88.57 85.6 80.64 10
90.03 89.4 88.82 86.06 80.21 mean
0.229 0.227 0.31 0.382 0.548 | Std. dev.

Y060 aaas i Cliny gl die dadiieal) GULll duadl) ciliiaall Ciuiuai 433 (4) Jgaad)

Gae 25 | diaa 20 | lias 15 | amis SVM

SR R 3 Gl

91.28 91.39 90.55 88.56 86.39 1
91.17 91.38 90.78 87.94 86.12 2
90.82 91.15 90.62 87.87 86.75 3
90.81 90.79 90.29 88.2 86.81 4
90.96 91 90.55 87.57 86.49 5
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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 |0 Q|

Y70 aaan Gt Cliay Lt die dariiel) Glball duadl) ciliiaall il 433 ((5) Jeaad)

e 25 | ias 20 | diaa 15 | amis SVM

. . . ¢ kNN
=R =R =R sy
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.

Al cu il e die cliiaal) ga JS BB (Gluaal) CilpaiYlg Jacugial) <(6) Jsaal

Ciias 25 | iias 20 | chiae 15 | amis SVM NN L aan
3t e 3 LY )
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 aaal AaLad) cluhal) (s A5 ae Lllal) ilul) 45 )lke e ¥
090 hah L gid) (i 8 Gl il 3yS5 Gam [19] e cpiashyall (g pla
Osta ) bl Casteatl 01 caendiad bl o (6l desll Sl Caviaas
(7) Jsaadl sasy «(dastaall are f) dpesall LS all iy Jasiadd) Chia Lot
ALl GlaY) Gans 8 aa Jlall Canall il 45 lae
Alad) Sl e Alad) Gt @il d5lie = (7) Jdsead)

L) g )
oy 5y | F DY gels i) e el g lad Al e Jone Ciima | cuaal
g ol | Mal)

%89 SUM seallglez @l | [20]
%91.76 HMM iadl GsS)le s | [21]
%93.8 CNN L) dpsemall ozl | [22]
%95.75 CNN Zalal| duasll ol | [23]
%95 DRNN iseall &) Sl1 dweandl il | [24]

:adAl) -6
Glabing gt Slalia (e Sk desane Jlantiol i) 138 b o3
BSlae ) ALY Lspd) GLSAN e 6 2uiis o] @lldy <5 Cailg) ipSunpen
o 400 ULl crieaiy (e ghiia 10 QUL pes ddee & @)Ll L dagaud)
ool L] Catlgll sane olaily cpe sdaiall 2 2y o 306 1960 Mas] Joka
S L sl ) o e Jyandl 25291 @l cile sane CNLA
e chiaill HUai el . lgie Ailaas) Clew (DAt g cilgl) slasl Cadlas)
A Jseagl a3s gl Ciadll e Jias Casiall saxia peal) ¢ lad Al Ciieas
o ) Ailasy) chlaa¥) colal .l ge %70 5 il xie 92.52 48
e @ldg 0.05 Ligine (i die Ladill Cilivad)) e Lordieall Cayioaill 4]
Al Caieatl) A5y cuilS L lead) z hated Akl ety L) (i aladti)
) laal) 8 Careatl) 285 (e o) Gundl T3 8 dsenal o3 (s3) oyt
cstiall CasS)le zigais acall g led AT (e Lpadill Gl @l e e
SIS aell alenl) il Ao el 1) Sl #ln e §sim ol LS
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oo Sea Jal il o VI caeal) Al daeanl) lSuily AELEN) dusanl
cilgll aaae slanly i) adey dasluad) Eila YY)
bl ey cla )iy -7

il olaih 2l axe ae Bas @il o Jpanll dalSa) Gl deags
oyl 138 g Ja A Lol L) e prall Camal) S (3
el Gl ae lgle Jymnll & Sl ZaY) LY sadiad e iy 1y
olaily 2l (50 Adlal) ) el il e Jgenall 401K paadl el
il
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