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AAL
ADL
AE
ANN
ARIMA
AUC
BLSTM
CASAS
CNN
Ccov
CRF
CUDA
DTW
FPR
GRU
HMM
LCS
LSTM
MLE
MLP
MSE
OCSVM
PCA
Relu
RFID
RNN
ROC
SOM
SVM
TPR

Ao

Ambient Assisted Living

Activities of Daily Living

AutoEncoder

Artificial Neural Network
AutoRegressive Integrated Moving Average
Area Under Curve

Bidirectional Long-Short Term Memory
Center for Advanced Studies in Adaptive Systems
Convolutional Neural Network
Covariance

Conditional Random Field

Compute Unified Device Architecture
Discrete Time Warping

False Positive Rate

Gated Recurrent Unit

Hidden Maarkov Model

Longest Common Subsequence
Long-Short Term Memory

Maximum Likelihood Estimation

Multi Layer Perseptron

Mean Squared Error

One-Class Support Vector Machine
Principal Component analysis

Reftified Linear Units

Radio-Frequency IDentification
Recurrent Neural Network

Receiver Operator Curve

Self Organized Map

Support Vector Machine

True Positive Rate









Aol 48 V- )

85 9w 05 5 SzsS Slaodlyils sy 5 S Boles k] Eged dnjgd S Jie 5350 4 L
S5 T o ol sy Wloys wiies polae (Su; Sew piilolusl ol 5l L
b 4z )8 aliuse cpl (sl sadosls Hlas 55 V=) S o aS jshailes L0l co 09438] aiiS oo
2 Ol 0y 3l 5 e 98 5 Al jgl5 adlate Lol 03,8 1550 |, L)l L‘a*“’ Lo ad iy 3blo

[1] wlesiles Ll

I Singlisation
Single-person households as % of total

Western = Naorth Eastern
Europe America Europe
= Africa and Latin — fsia-
Middle East America Pacific
35
30
25
..--""--_
20
15
S
— ——
1 i 1 D
1980 a0 2000 10 20*
Source: Euromonitor International *Farecast

J1] S oo Fi) oo laiias 45 (g0l 1 Slouss 1581 gy 1) S

05035y cBeelled ol gl g o Jlows b 03,550l wlil ol 5l gz B o
SaS &y S SSie 5 D3 5 b ail CoBlye 5 az s o gl b s Sl SaS @ 295
0SS5 9Ll gl LS 0 S 5] S Sy Sl 1350 51 (6l o il sy bagy]

3 ol iz AT > el Hodde ddged 0 jeedo gyl Jll plaseiul o)l e

ISie a5 cedl (b s o o) den il aiS o b 1) g2 95 BB o peiws Usare (3525 &0



02 9 )i ool b sl o |y la b atedls 08 Bk 5l il b Ldl ezt (hpdy pae
03 8l (g9 ol8g0l5 (gigmdd g uBlye el (ASie 393 pille g i @Sl jgl> b gl 4SS
lssin ol ghAl o 5 T 800, 5 0sd oo dhos> o g
3o Ly ol gl a8 el Cdlas ol Slo Bl slears o o..\j.}'aL?Ls\ Sdxine Olllas cwyp
SR L e SN SG o g anS Sl o oy Bl bl (B e3dle o059 cails
(ol om0l b el (gl j0 (S o) Wgd jlaed axies lisgs il a5
(2] s oo Jlital 35 055 i 3 608 (> bl p S (ol Sodlye I aimen
S QT o8l pl Coiied golaidl g able slaanje alS of) (i v, oo lal 4l
b 55l gud Lalls a5 aiedion slals amil cudlye ot Lugmonel IS 4 § 595 ails 45 oS
Lodls condh cas LS g alsS 0 aS cwguimal slo S 3 650,00 b Lol 5l 0,5 L3 ails

WS ge oIS el o8l a1y vg> (LSl (>gy (S g (oo gl

Olog o g W ygue V-

oSl Sglite sla Sa 352 S @ o5 el Sl il Al o jse Sldes i
Glo S waboly Gl Lol gla,Sus o) 052s o] oSl g,lb, Slellbl (g,5laax
IS8 @ lagl (25 &5 siiis lboyd g a5 5k pads sla Ko g jga> jais
sla S Joo 00 (29995 oSl (lgioe pg3) @90 50 Lol Ll OFF 5 ON 5 (9040
35 475 a3 3Ll 523 lagnl il 5 L83 Sy mrutS slo S sl o Copndy it
S 9 Etash) 5 iwled i lid Jie gooe o Sl atadise dils glaolspn 5l (S
7ol alle; 55 505 ol ansS oSSl Lol edippioe o5t (5512 9 SO Loy Je (b ool

OO e 9 b paRiS g jga> jasid la See ohan (29090 oS> 6y,



ooliiul b S ol (g5l (rb s slaclug, 5 L8l iST 6l by, onl caslac
don b S ol 48 4L ALz 00 g5l S el )5Sz g pllel 4 g S e
nolie 9ot Jdpe b b )5 JLdl Gelel g soluital Jolgd o g siies (29999
S 0 0 ple (635 pe ol @ ) ) g ¢ WSy ulél ol ¢ Jgelsl (pg
S sogeyd plply sl oddiingad (Sl o el 0529 28 b oleiiny by, oglle
Usons I ol gty LS o 51 (sl 0 syl il ls sy g Al 53 so0ste S
) Sopp sy plaie RFID lacks amgs b in iy o S50 RFID (glacSs 51 ool |
5 il Gl sl (Cele o) (pated Bl b ol (o 40 LSS Gl lall 5 sl
(5Olpiig s (8999 A aliS aSSLy by 090 oo b i Sl LS L (ol S8
el 0t 3 55 o o5 Jladl b, g eoind ) a5 sl _olaosls
2 Jyeerd Wbl 5 o )lrial (i 5 (Al (Bl Bos g (s aSST S0 an
L silge e dSlate) K05 b o] o 5 Jledl g5 conclill Lo el pley ciunsd diasign 45,
S50 Jyene JUdl osgaze 51 JBl cnl zg5 9 Jgue b 5 o)l Sl Cuegdse (Jitus

sleools auabes &,k 5l piua goloiinn by, 0 &Blgye 28,5 wimles 18 Jeb g LS

Soslw sl >y cnl JoSS 5l iy U005 pol)8 alblo g g Jgene s ol (oo

i olo g oole w5 Jldl aS (S o (23 clins 0,5

Sy e V=)
2 WLl sasalnl wiadsr cloals s g,lual RS gadge L et a5 b lS

oos Juised W) cpme llS Sl b (00,5 ey W) asiie o5 owbidil



oS Judl S 5 Gloj an; Lo)l5 (ul )0 ogllay ilossy 55 eie Jgame zoe JLdl 5l (o SUsk
oo g ol Culll b Lass g, o o st 5l el po Ute ol 4i3 518 4z g e
4255 O Lol e Jgoro e 095 (Sl 5 (Sloj (sladin) ;0 i 5 4 (e BT 0 25 >
2 SUsb 0ogr Jledyed 5 od Yl po il Jad 5 plsiear |y b Glsicee baaie; cal &
LS ks

Elgl LB 0 g |, aiaden wly GSLe Jldl o sszse slagsrial S sba,
2,5 el 5 A5 lez
Gl 5l jo il Jie o sf 5 S 5o Jgere Joe o sl igs8y 5 yo (s lmiali ¢
Jd G plsl Jgore g slilo b (2UsS 1985 Doy (5,lmali
91 0,95 Jio Jgare Jab S a0 by 095 5Ll g8y (o o (slmiali @
J=d S5 bl Jolie i 5 b ol jo (g )lials @
oyoy 5 el £5 5 W slabil slaglral 4SSl (Jol g8 aw 4T wil alls 4z g
ahal) (o9 S92 piliae )lmial gg5 cnl Edy lgye oS 1B e las lxial
09l ab rdy e .l abgyye gloosls ol 1o (B Glime b (G- Glej) (o 5
oo 589 Lol tiunsd (omboyud oS Clsmisd (55, » Ools 5 Sl T el ol (0,
Wlats, Gl ) dy 328 50,5 Lisels et aild (LSl a5 Caslins (ol & Ulazil il ol
gy vf e g5 dw cpl 020,551 Jol ailfaw glgl 511, IS ol> Gubos plosl e j0 L
> 0 4 oo g olael 51 glaladi b Lo o] don 5o takind Fics SOl &8lg,0 wgpien
b alais 0929 sline 4 s)lmial 585 o] e o 5 1030095 oigds S5 (slagSl I lxia
S oS il e olie] gl LS od ek oaoly slosSl 5l Sogd b a5 sl 5y bl
) @58 a8,z glyl 5l Jol g9 am 2l plpl casdly Jab S5 plowl Do Jsb g 9,8 (yle

3,5 b7 g s Sloy slas ;o s luial aiS 4 (g o

A



b lel slados 5l a8 ols 092y gl sla by, (Sloj sl pw ;o g lrial aiS (sl
Joe i)y &5 cal Bogmoansas lajlpl pl 51 (SO aloads 00 S vac sldasil
2 a8 5l enl b IS 5 oLl sl 3l 0T e e 4 s )loxial aiS (6l e 2500
el 00,3 Lol Al slal jo o] Slasiie 45 o e glallie lasl g o K

Sl 039y p)lez g9 sbas,lemal @S azgie dllu; ol IS o Lo (Lol (655 g Ll
g Do e (o Dlsie » Jledl Judo @y g cewl Joaomy glgl plu 3l g lual g4 oyl
9y oolaiuls ge ol wl aiaS aSSli> 0,5 e g0 1) lgil cpl des daolagg, £489 o
i shilo bosls plaigd oo Jlad )5 Jldl 4y Ly g (golucial Jolsd jo a5 conl ole K>
slaslng) aegeme )3 )l cwlul (Foli Sloj Slacs j 5 boaid; L Lol i loj oz 2 5
4 Sl G pite 093 5 ABF o w4 |y Sro sl Gl SR 8 ey da K (2 >
W3l Sriote 2 e T )bl 2aS Je — a5 b g e s (es 4 il Lot
el Dy £585 oo g oz Slelg g Glojer el p3lune

Rl ekl les,S eoliul glabads slaval s apyla 51 Ll cnl plsil Gl L
slrdao) ;o eSh 5 cunl canlio Hlaw bolayg, alide giluJos lp a5 ol (guied,ud
0 ey ol oA 585 IS 4y 50055 5 e 5 Sl selan sloed oo igline 5 £
g dobgr il oy o laai sbhanld 4 ke 4 canl gL s () 00K gl

S o 8 ool 50 B (55l S @ Lol 3| labds s lntal chsS

Al y ylislu )

Al b, G35 50 sdee Sz g Dlogyie Juad ol jo el deade g5l V) Jab

el by asllas 1y ool ;) bl a5 el Sl Jols ¥V fad .ol ouls 00sS o



L olesl 5 s)bmal 2aS sla by, windsn slaals pealie  Jotie Slsie cnl wlei oo
5 Jldl plolis Danepe (55 o Slikos o etz Yhad  wilis Gres ©nSok
clr 9 6 Sl WS (e je e |y Sl B8y D90 waligr Gladls o (g )lmal is
o 5 woleing Jool, ol Wl B fad ol sadile Flad o laki slaauld ool









S g Al VY

poeie Lxin] jo cwl deligr Al 0 \JS-“-")-‘-" 8l i 9 @iS @le, opl e
b ans oo 5,8 Cudlye o | 93 LSl Jladl Lils lails i a5 Conl cpl 1 IS (soiaiign
Sygo 5 035 gesle banl sl | g owles eloseiul e (ADL) Yailzs, Jlos! sl
U sl e alolilly b axdliss sg5 LSLo (g,b 4y b e é SBLST 90 5 Vs bl Lausess

[3] wles jolo Solasl ol 8l gl 1,

Lb)i»«.’ \—\—Y
Soge gl Gy 5l S Cudlie B sl sabanss ole Ko diadgn ABSG Hlsls jo
A@Myél.ia)im} °

‘G.M.._EL_M» LgLasJi..o «Sy9 6&;...9- (Q.JML) ;WLQ-')-*-C 6L€b)im:> °

' Abnormal Activities

" Activities of Daily Living

¥ Anomaly

¥ Machine Vision based Sensors
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http://awarehome.imtc.gatech.edu/
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http://www.icta.ufl.edu/gt.htm

iISpace/iDorm at University of Essex
http://cswww.essex.ac.uk/iieg/idorm2/index.htm

MARC Smart House at University of Virginia: Medical Automation Research Center
https://smarthouse.med.virginia.edu/

PlaceLab: an MIT and TIAX initiative for studying behavior in a residential
condominium

http://architecture.mit.edu/house_n/placelab.html

Smart Home at Duke University: A live-in laboratory for students
http://www.smarthome.duke.edu/

Tiger Place at University of Missouri: Instrumented assistive living
http://www.tigerplace.net/

The Multicom intelligent flat : an user-oriented smart home platform
http://domus.imag.fr
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Abstract

One of the most important features a smart home should have is predicting
and detecting unusual and abnormal actions. The rapid development of
sensor technologies on the one hand, and the significant increase in the
number of elderly or ill living, on the other hand, have made this necessary.
The problem is that the multiplicity and variety of sensors and the high
volume of information received from them make the dimensions of the
problem closer to the big data boundaries and the need for data fusion
makes it more difficult. For this reason, the processing of this data,
especially the extraction of appropriate features, involves considerable
computational (temporal and spatial) complexity.

In this thesis, we present a method for detecting and predicting unusual and
abnormal actions in a smart home using deep learning. The data of this
home, according to the prevailing tradition of smart homes, is collected
through non-intrusive wireless sensors such as PIR and Door sensors. The
output data of these sensors is a set of discrete asynchronous events
occurring on a continuous time basis. The intervals of these events are not
the same, and the interval between the two events may indicate important
behavioral characteristics. For this reason, we have used point process
theory instead of the usual methods of time series analysis. This theory is a
powerful mathematical framework that provides the appropriate statistical
language for formulating and analyzing asynchronous events.

Common models in the Classic theory of point processes often take specific
and limiting assumptions about the way events are produced. For this
reason, we have used a deep neural network to surround the behavior of a
process and extract normative patterns. This network, as a nonlinear
mapping, predicts the type and timing of the next event, with event logs. We
extend this prediction by employing a local beam search to a set of probable
events to determine the possible range of future actions. The range of actual
events within that range will indicate that the sequence is abnormal. The
results of experiments show that this method enables the detection of
abnormal activities with acceptable accuracy.

Keywords : Anomaly Detection, Deep Learning, Point Process, Smart Homes, Event
Processing
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