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ABSTRACT

The trend number of elderly in Thailand is increasing and most elderly
are desire to live on their own homes. The development in modern technologies
assists older people to live alone and make their life more comfortable. In this work,
the focus is to analyze and monitor abnormal activities in four basic rooms by
observing 12 different activities of 10 different persons. The comparison of
characteristics is found different from the normal pattern. The changing pattern of
activities in daily life is importance to refer the unhealthy or abnormal behaviour.
This feature is used to analyze both normal and abnormal activity. A method has
been proposed in this study which uses Transition Matrix Model (TMM) and Root
mean square error (RMSE) to observe the 12 basic activities in four rooms for
discovering normal pattern and use for monitoring abnormal activities. Ten different
sequence activities in daily life has been analyzed by using this method. A sequence
of activity in daily life has been defined as the normal activity. The data were
compared by proposed method with the same sequence of activity by adding
different levels of noise such as 10, 25, 35 and 50 %. Less noise in the room shows

100% accuracy while adding more noise will result in decrement of accuracy.

Keywords: Image Processing, Abnormal Activity Classification, Abnormal Activity

Detection, Elderly People.
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Tuudded s lenusnisafiuuidueanidu 3 Tunaundn AsnsIveeIfuNIg
ATILINIINI NTES1NUARANUFUNUSVDININTTY LALNNITIVYLNYINUNITHATIEHIAIY

[

AnUNAYRININTIN Faaunsoutmguiiedtdelanuiivesiil
ad a [ a ¢ 1

2.1. NeNNeITaINUNITIATIZRINIG
lunsiesgnnimiaslainmuideves P. Chawalitsittikul wazaug (4] Fla

95U1878N13AI MU AUluunneunidud 1ty Tuuniidslaesuretwmannsineitesmeans

TunN153A5189 M1 IneN1TIRTIERNImNIeR09iN159 59330 TR Naulanun159539TUN3

waoulmasulgluiite 2.1.1 NN 1eMLENLEEYIMNNNAMENYUENULY

Tngldmaianige odurgliluite 2.1.2

2.1.1 Msnsrasunstadaulua (Motion Detection)

nsnsIsunsiadeulm L‘ﬁ‘lmi%U’J‘LlﬂWﬁIUH’]iﬁlﬁ’m?ﬁUa\iﬁLﬂ§6u1ﬂﬁaaﬂﬂﬂ ANTN

(% '
2 =

Wumda Geallunumddglunsienuinguazdanesiiuvoansuliseds

) ANTAUNUNES (Background Substation)
nsaunniuvdduisnldiuegrinitwnsdunsanaivingindoulneenain
& Y] v A ia P A ~ aa o o A
amiundslundesiegilifinsiadeulmlaei 2 FBwdndall
1) N19M5793UN19LARBULNINUFIUAIENITUIAMULANAIITZNTINTY (Frame
difference)
) & Yy aad & a & aa Yo o a
n1snsraTunsedeubmnieIsiilumetiaiugruntenldiuily amusznaud
2-1 k@MINISUTELIANANINANDNATNANUALLAS NI TUNAINULANFAIITEIAINWNTY a5y
ADUNUNITUIMIANULANF19TE NN SUAUNSUTUNaINIABINS7S 8N Current frame

WINAMLLANAITANINNIANNTBLEaNA LT wansidTngnidundeulnilumlsy wasiu

naanAeLsuAUNTTULeY (Background Model)
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Background Model Current frame Foreground mask

=

> T —
\

AMWUsENauN 2-188U1en s Ing MR unlagiaNTmANULANATENIasY

[https://docs.opencv.org/3.4.2/d1/dc5/tutorial_background_subtraction.html
|frame; — frame;_| > T (2-1)

Taemuualn

A 1

frame,; fo AveRAtAglunm i LA i visewlsuagiu
frame 1, A8 A1YBIALATIUAIN U 1381 i viTBINSURRUNIN

& ' g v 1 1 [ & [ A v d' 2
T Ao Awmsylaanlduuassninadunmiiunamse Sngindeuln

2) Mixture of Gussian (MoG)
. . & addy vo ' 1 o o k% [J & [
Mixture of Gussian L‘Uu’)ﬁmi?ﬁﬂu@EJ'NLL'WTV]@']'EJﬂ'TViTUﬂ']iﬁﬁ']\?LL‘UUﬁ]']ﬁ@\‘]WU‘WaQ
4 N 9 a0 A , . o
LW@W?QQ“W?WQWLﬂa@umﬁnﬂﬂa@ﬂLL‘U‘UW@E&ﬂﬂﬂ (StatIC Cameras) I@‘&Jm%ﬂizmmmmma

¥ ! a o ! < el' < & [ a Ay
YIANUTNTDININ LA NN waznruaAUUIzdunastduNumnas WﬂL“UaVIVLlIGlﬁQ

1
[y

A [ a I a ‘3 4 . aa o s
UNUNSIzIT A ANwaLlesntn (Foreground pixels) 1ngign1591889n1SNAULUULANE

Weullaunisnnulaemlussaunsi 2-2

P(X;) = Z€<=1 w;i :N(Xe; Ui Die) (2-2)

TneAua L

K A9 IUIUVBINITNTLAYVBINALT YU
& S Y] ¢ o A

Wi ¢ Ao A winveN@deuian i Tunan t
a ! a{' ¢ o A,

Ui ¢ fo Anadeveandieudai i Tuan t

Xt Ao A1RULUSUTIUNINBRNETEURT i (14987 t

n Ao Gaussian Probability Density Function
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2.1.2 wadan1sauunlagly Support Vector Machine (SVM)

Support Vector Machine (SVM) L*fJué’aﬂ@?ﬁwﬁaﬁiﬂumiﬁi’ﬁLLumﬁaga Tagla
msthAwesngudoyaunsaduiliaesae (Feature Space) Mntiudsmiduudsioyaiis
gossananiulngazadiaduuds (Hyperplane) Tifudunsetuinuasmindunseiinl o

naueenniutudulaludundiige

AMUsENaUN 2-2 fegamsiuingudeyavesdiaimudie)was @il a(@muvin)

.q' ' v v 3 |y = 3 '
AmUsEneaui 2-2 wansnskiingudeyalaenisdeidungudeyaduniasniavindungy

% a = o A o a v O v 1Y IV
GUa%aaLGU?J’J P90 19U UNITAUNUTELANLTILAY UU?‘]aﬂqiLLUQGUE]ZJuaWFJEJﬂ’]{LGULaUUUL@Q

AMUsENOUN 2-3 fegensulangunilateyaiinnududeu

agslsfimunisdanunenyludeyadiulugilienuazdniilassadandudou

AU USRI LASNISITLAUATI N1SWUIBNazUIbalaelddulAdias AUl 19 UL aU fa
d‘ = o vV % = ¥ [ d' o a 'S 1 1 1 %
andsenaun 2-3 Jdinsldnsdaesdeyalmineunagiinisiinsienudanguseluas

v a

AmUszneunl 2-4 azmuladmedreidugadeyafuuaznisvindunisinsedudlngld
Heifuniendamansnisendn wesiuailandy (Kemel function) Ingdeyandnsealnl
anasauUslamenisladunseiagy 2-18 Auvwaz nUsznaun 2-5 F9esU1en15iniEes

Toyatndlagld wasiailsidu sviuladmisiudreiideyasy 2 ranare ddusasdi lu
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1 ffFsanunsanenldlaeaunis IFx< 0.5 || X>2.5) THEN class = B Al 161 X< 0.5 3o
5

X>2.5 wa1agyiunginduan B uanmilaanniudasening 0.5 — 2.5 Tadumaia A

1
. °%
® ®
e o LI
S ¢ o °
e ® ® ®
e o '®
o L e

AMUsENIUN 2-4 MIIREeITayaln

Gansuvsiifiomannldifloisnddoya x=-1 Mdunara A usanaunsiilddsiuielduen
i 921d x= -1 Jueana B fufusdddinefiailsdtudnndislunsfunudnumesn
nilsAnlagldiledtu x=¢ lumsidsud x Ssazldnisnszarefvesdeyalugunisinua
tuies vidantuddd svm Tunsutsteyasenidu 2 aana Tasnslidunsafionduiends

i1t x=-1 umaa A

MwUsznauil 2-5 M3daisesdayalnilagnisidinesiuailendu

Tnaposiuaflsntuinansfenduigy Menduidunss (Linear) fentulnaludea (Polynomial)

HearduBnueen (Sigmoid) 1udiu
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ad o Yy W v o g a
2.2. ngufiingatasiunisaielunannuduiusvasianssy
lunisadluwaiiieldlunismianuraunfvesianssy s ledssendldnguiade
NeafuauduiusveavgnIsalnunguivesdadu ieunldlumuideil laesueauide

2.2.1 fiai

2.2.1 e ANNTURUSVIdaaY (Allen’s interval relation)

¥ p.A. 1983 James F. Allen fneunsanuddoifioatu 13 anuduiusiugiu
suaqszi’mnmuamwmmﬁ?uﬂ eesuelviudennuduiusvesianssumile iawsaiiae
fiauduiusiuAanssudugldunnnd 1 anuduiug Fahlidulddmauinusdasfonssulu
Franamidsdinnuduiudlatudnianssy Jsanunsassuielilagldvndnnsfivada a151ed
2-1 uansauduius il ululdnomuadinadulunquivesdadu lneluasnsuans
ANFNRLSVOY X kag Y Meliaimadfuaingieluein sndegradu Tuanuduiusisn
uans X before Y vinefis X IéAuanasiond ¥ asisudunazenuduiusiiaoandiifiui
X meets Y vaefe X Augaiiie Y 3udu aanuduiudie 6 4 Wuauduiusiunas

% U Y 1 U 3

ANMUFUNUSINGUNY 8nfIDE19IUL AMUFURUSNNAUYDY X before Y @B Y after X 1iials

Y

v 6 vd‘({.’] a v

AnunauduNususniduase anuduiusinduiunduasise Tuanuduiusy 13 fs X

equals Y Weandundalamvinfuanuduiusiiu

PN v U o“%} v A
$13719 2-1 13 AINUAUNUTNUZIUVBIRAAUY

Relation Diagram example Interpretation
1. X before y X X takes place before Y
2.Y after X Yy
3. X meets y X X meets Y
4. Y metBy X Y
5. X overlaps Y X X overlaps with Y
6. Y overlappedBy X Y
7. X starts Y X X starts Y
8. Y startedBy X Y
9. X during Y X X during Y
10. Y contains X Y
11. X finishes y X X finished Y
12. Y finishedBy X Y
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Relation Diagram example Interpretation
13. X'equals Y X Xis equal to Y
Y

ad a v [ a ¢ a a a
2.3. ngufiineatasiunisiiaseianuinunAvein1snanssy
TumsinsgimanuraunfAvesfianssusididenldmsiuseuiisudeya sening
AaNssuMUNALaERANITTUARAUNG [ievANUwANAveiaestayalagldvannisiesule

Tuiide 2.3.1 padl

2.3.1 Arsnfidesvasanuaaaniouiidsdasais (Root Mean Square
Error: RMSE)
Arsndiaesveinnunainndsuiidiaenadslnediulnaldlunisadalunisia
UsgAvsnmueaeiesiionisnenssl Indguamdnioli aedl 2 deya iethunduiude

A19INNT5YINUNE (prediction value) lnela3odiiouu LazA1934 (actual value) AlaaInnIs

a Aaa

T TwanAdeillaussendldlagliirannisiuieghe Jeyanisifanssuninanssusuniuy

1
a A 1 14 [ a =

wavA1TsIRemdayanisifanssuis i munluianssuiund dewenildannwanisveaes

€

(%

uAuiudeyaiimihand i WellddegreiaulndlAgsvesivaesdeya Wunungay

A1 RMSE anansatunldlunsinanulndifssiuvesdoyadusilaidenldnisiuimily

[y

\‘1’]‘14"3‘085 %aﬁﬁumsﬁmmiﬁ@l)
’ Ap—Fp)?
RMSE — Z( tn t) (2_1)

el A, Ao AITLARTUDSS

F. @9 Alaainaisnensed

Fauerhuvszenaldiuumsndlu 2 Ialaasluaunisy (2-2)

Yite, j=1 ij—xij)?

n2

RMSE = \/ (2-2)



dlo x; Ao Aluwvzndgmdunanssuunfludfinng,)
y; Ao Anluv3ndnlaiiufanssusuniuluiiiag,)

2 a et aAv v
N A9 YUIAVBIUNSNTTILUIWITETULY n=12
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3.1 LUIRANINSIN
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1

Tuuadedlanuinisanduanuidesanidu 3 Wdeandn Asludunauwsnnism

v [

Aanssuludinuszdniu Falaunainnsidviinsvesyanatiy Nduusiudeyavetingseu

o
a

Praneluesiusunislénglunisdeaule ndanduluduneusomndahianssumd
a$radulumanuduiusvesianssudsnainianssuiildsutunaTunsasiu wazi
Tumatius3suiisuiulumaneuningslgsmuslidulumavesianssudiiluund e
Pluldlunsuszananaminduianssufiunandelnunfivesianssy amusznaudt 3-1

AR K URINITA TN Teg19A51799 wansliiudeyaidiunlussuuves

¥
av a4 I

NWITBilAe vima Trg uavies waznadnsvesnidedfeansavenliinduiainsusedn

JununfvisenaUn®

Time

2. Transition Matrix
Model (TMM)

1. Rule-based
Activity Classification

=y e

Action,Object,Room 12 activities

Normal /Abnormal

T

Normal activities

LY

a v ad o a a dy
AWUTENBUN 3-1HHURNIITNITATUUIIUYDINUIRYU

3.2 M333WIM9

LY Va

TUABULINVBINWITBY ABN133TMIMe Felunsdvimetuidelauiignisves
P. Chawalitsitikul azag [4] uUszendld 3an1siiivefisesvaanisiindesiisandasied
WAZAINNABIVOININNABULINEY AMNUTENDUN 3-2 WARININTINYBITTNIAINETD Tag

Fupouksnuulaldnatian1sussungUs1aNaureun1d@eu (Gaussian Mixture Model :
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GMM) Iuﬂmwﬂdaumaqﬁwé’qaaﬂﬁﬂﬂéf’;qﬂﬂaﬁm?{auﬁﬁm%ﬂ'ﬁm’mﬁ’uéffsqﬂﬂa Ingiin
foyavesnmduaznmanudnildnuiuiianld ndminduieilunaauifvead
yanauenaaniiiu 3 diufe dauh dudiduazdiun tuneusenivinsaiannenes
audfanfnansddlufidiuiiuagdiunisass dainnshanunasanisiedeudii
Wasuwasazihdeyallszananaidvimlaomaialassiieussamiiion (Neural

network) Wag SVM (Support Vector Machine)

Detection & Tracking

| Color Image | | Depth Image

Feature Extraction

l h 4 h 4

| Head Point | | Body Peint | | Leg Point

h 4

(x.3.2)

Action Recognition

1
1
1
Neural Network :
1
1

= f = & LY a

nsueU Fellmugnaedgnaferay 95.8 uazn1susulaugnaetdesiuasidus §Idu3qAn

v
a a a o

1IN15331MmemeTEnsidiuseansangs aunsatiunUseynaldivauidevesdidele

Calle

28198UEANS NN
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3.3 MamnanssaludInusednfudeng (Rule-based Activity Classification)

3.3.1 hu2AanIsuInanssuludIndszanIu

TunrsuifanssuludinuszarTulanvadu 2 Tunsundnfanisssnviiniedale

Y

ssunewdluiiten 3.2 vinlilaviimsiuguludinuszdiu ndeeintulutunouneundaly
1 a' Y 61 v} d' (v % d' Y a aa o v Y dy
nsiladnsginuivaniuiuas Ingluiesieliladufanssuluiiaussd1iu Tukided
a d‘ % v d" Y o a = gj a v 5 A

JgaSugfgIfunITaiingiienisidnfanssulaeiivianun 12 Aanssulu 4 vieatude
ouaay lawn wuluree Jevulaniwazuauuulan wesas town wuluies vinemns
waglddiu osiau tun wuluies vinuwazldneuiiames uaziesuau lawn iulu
09 WIUAIRATURUULREY LuAaTiugulunsTwunUsznnuasianssumaiiifienis
MvunaaNUduiussEninyaraiuingsoui aguusnie N3P mimnsuguuiveu lag
ANSTUINUIUNTUYDIVIINNABLLDN U 8NAIDLINTU YIINIINITHAUAITTINUILNTUAUBN
MDUTINNTADEDIAUIIUIU 5 WTU VIN1enNIsAUies 3 Wwsuidesainnisuldinaiies
< v o a aa a 1 1 (B 1 v a Y < £ 1

dWntee lunisviianssuludinatediulngjaglidnuuiy Wy nisiuaalagiu Wudu diu
YIMNNNISUILUTIANS 7 LNSULLD991N MINNITUBUSIU 15 WSH NISHUNSUT 118991nWe

azvimnuRana1nvaine wuluueesdduanuduasadurimienisiiunsluui sy

(%
v U =

TUlPIATIEATUNINIINITALREY 1 WY 1i991nAMURANaRvadadluU19IAS FaTiuRa
TanrsdusuaeLiladnenail wazAue1vawNsuimneosiutulau1aInn1sdLna

1 1 a 4 ! < ! = v = ! [ a <
DHIUTY 1NATTIATIERUENINTUNITUBURABLHBIA LAY 10 wsuualuauuasudu

[y 1

NN v s lgvimanIsuausImsiausalilaaiuLInnd 15 wlsududu was

pg19NaRIAD N1IMITEEENTENIYAnakasIngluaus Felanvuaiunuivaingly

4 1 2 4 ! o = ! 6V Y a a a s
Woesinegarminnouazyinn1suszulanadue) wu Whz 118 1hes oW pounnes uas

Y @ 4 % [ |4

Wy anvngiilafiansaunsseenakagnginvueslgaidlndvesyanaiuingiaiusaiin

9 Y

?
Y
Aanssule

3.3.2 M339NINTIU

[
[ I

AulaesUIe0819ATII9 8L UIARTUNIINIAINTTLYRSUATB Ul TRl A7

Y

el
odunTwanBenisnannu ddutureuusngideldifiunisimunfumisesingrdsann
Fupounis¥iiunds Tasaggnimuslasuansiaesudmdeuiiuindeuseuing Ussneuty
dhegn 5 aluiiin 3 7 Aegagudnansuazqaiiyuvesdmasniiui duandunmuszney
71 3-0 Fadusedravesyaraluriesinnulagnmuszneud 3-4 (n) wananwd nmuszney

1 3-4 (v) wanInINANLENRAEN1TTEUMWILIDITRgatmi tnedlslyaaaidnunluies
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#199 N353 mIeiazyhaulaenswanavimeianasassyld Tnenisvinisiuisuves

neiinaiosnaunumaNanlana iy

d Z\/(xl_xo)2+ vy —yo)* + (2, — 2p)* (3-1)

[y o

e x, fip Wiin x Voeing

o))
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x; F19 WA x YBIAAUINAINEIAYDIYAAS
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=)

Yo A WA y UBIIng

b
=)

9 WM Yy maaﬁ;m@uéﬂmqmamamma

Y1

b
=)
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N

0 0 z UDIINY
!

, AB WA z VIAAUINANUIATDIYAAA

N

v

A NliMImeliade sgidedvinnisinssuenaiuing e seus lunsinsseenig

va

Aideldninszagnisluany
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B 2 wuu Wieaduenusilainszegmsladanailndifeiian
LL'UULLiﬂﬁamii’msazmﬂ@uéﬂmamamamﬂﬂalﬂé’agmﬁanmwaﬁmqLLam‘lumessﬂaU
§i 3-4 (A) AMUIUSEEYMAEENNIST (3-1) LLazquﬁaaqﬁamsi’mmﬂ@uéﬂmamalﬂé’q
Lé*usuawaﬁmqé’aLLaqumwﬂizﬂauﬁ 3.4 (3) wazeSureiudulunwlsznoud 3-3
AIUIASTHEN A AITMIALNITVONFUR ST NITLNUAIENNIST (3-2) wasldaunis (3-3)

lumsmszegnanduianlaegn C Aoaudnaiaiauwaz 3n AB Aaduveauvesing

C(xs, ys, z3)
o B(x2, Y2, 22)

A(xy, y1, 21)

AMNUTENOUN 3-3 95UIENTALIMSEEENTENINLEUYUYRIRgUALAUINA1IAYRY
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IR P Aoganruludunsell P=(x, v, 2)

ot IAP|=|BP|

\/(x —x)2+ @ —y1)?+ (z2—2)? - \/(x — %)%+ (v — y2)? + (2 — 2,)? (3-2)
TnguNuUAAILANUSENBUT 3-3

MnuTwnuaiazdnaun1sillvieglugures axtby+cz+d=0 uarmszezmeseniuduLag

ylagldaunissaluil

d __ |laxz+bys+czz+d|

va?+b?+c?

A a

118 X, ys, 25 A0 Wingn C Tun1ndsenaui 3-3 dufenvesAudnasiiyang

q

a, b, c fo dulszAvvasaumadunsanlidntugy ax+by+cz+d=0 1naun1sh (3-2)

AMUsENaui 3-4 (A) wanaNTinssgennsusuuuuksnAeinainaudnansiavesyanaluds
nNINaveIingAeyadunuaringuansileidunseudiliendadudauseuinguas
AMUTENBUN 3-4 (1) WEAINITINTEEENNTENTINYAABLALLAUVBUTOUTNY UARINITIA

seggmamemsldidulseludgainansduveuvesingideuseuingnmunddu

1) msldnglunsangulamnanssu

Tudunoudiiseldlinisidmiinme mataszeens Aldnanluidefiudlunisid
Aanssulaonisling dsiusnvesnsiadulamianssuie nisldvimsiietioslunanduile
anAufianaInvesnsimimatagmiyaaatu eglndtnglaundigadielilunig

Andula 113199 3-2 uananglunisandulalussuunsidnanssy
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@) ANANUAN

(A) TLELUNTEMINYARLAYIA () TeEENTENINYARLALLEL

Tudng JaUing

AwUsEnaun 3-4 Mydnszernesenineinguaziiynna

v -

= ° Sy & ' = a Y] ¥
Fatoyaniunldlunglaun vimieiiugiu 4 v (Msdukasiiu NM3s MIsuwae

[

Asuow) eameluthu 4 os (Fesluay, ey, weend uasresuew) npneluvias
6 viln (e, 113, 1Res, Tovh, Aeufinmes wazAiin) Fawagnsilgannisanauladl 12
Aanssude nsviens, msldgibu, nsviaw, nisldaeufiames, nsdulustostaEay, ns
Aulureensa, nsmuluiosusy, msauluiesiteu, nsdsuulen, nsdsuuies, N1
wauuulen uaznisueuvwies luszuunisdnduladl nglégnuvseenidu 3 fundnany
Layer lunsn9fi 3-1 Tnsduusnuesnguensnuiiasusnuesviimnswesnsiunienistu een
31NN15AY, NI5UT9 LAZNITUBY IuﬁﬁzuﬁaawmnaLﬁuﬂﬂiﬂmmﬂamwmaaLwiawhmqﬁ
wonuerliluduunsn Tngluimnsmstunseiuiu ansotanuendunisturienisiule
MnMsinssezvasingseudne mningilndfianlidsuulawuagszosooninaiinely
LLamadﬂLﬂUﬂﬂﬁﬁuagﬁuﬁwﬂﬂLU?isJuLLUmLLamdﬁLTJumilﬁuLLaﬂu%’juﬁam Wunisiansan

a [ Y

' av v v v Y i v oA a @ a
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1% Layer 2" Layer Action 39 Layer Activities
1. Walking or Distance with Walking Relation with 12 activities
Standing object objects
Standing
2. Bending - Bending
3. Sitting
_ Sitting
4. Laying
Laying
M13199 3-2 NHYAIFIUUNAINTTY
1% Layer | Activities | 2" Layer of | Activities 3" Layer of Activities
of Rules Rules Rules
If - cooking If( same - cooking [f(standing near table | cooking
(' walking - using surrounding | -using and in kitchen)then
or refrigerator | objects and | refrigerator
standing) | - working nearest - working if(standing near using
then - using distance is - using refrigerator)then refrigerator
computer | less thana | computer [f(standing near table | working
- walking threshold) and in working
in living then room)then
room standing [f(standing near and using computer
- walking near computer and in
in kitchen working)then
- walking
in working else - walking in | If(in living room)then walking in living
room walking living room room
- walking - walking in — —
. If(in kitchen)then walking in
in kitchen
L kitchen
bedroom - walking in
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1% Layer | Activities | 2" Layer of | Activities 3" Layer of Activities
of Rules Rules Rules
working If(in working walking in
room room)then working room
- walking in
bedroom
If(in bedroom)then walking in
bedroom
Ifloending | - using If(loending) - using If(near using
or sitting refrigerator | then refrigerator refrigerator)then refrigerator
or laying) | - cooking - cooking If(near table in cooking
then - sitting on kitchen)then
sofa If(sitting) - sitting on If(near to sofa)then sitting on sofa
- sitting on | then sofa If(near to bed)then sitting on bed
bed - sitting on If(near to chair and in | cooking
- working bed kitchen)then
- using - cooking Ifinear to chair and in | working
computer - working working room)then
- sleeping - using [f(near to chair and using computer
- laying on computer near to computer and
sofa in working room)then
If(laying) - sleeping Ifinear to bed)then sleeping
then - laying on If(near to sofa)then laying on sofa
sofa

3.4 N15a519lUManNUFNNUSYRINaNTSU (Transition Matrix Model:TMM)

1%
tY

o av ya Y  aa av Yy o v v X a !
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I Walking in Kitchen

Cooking

Use Refrigerator

Walking in bedroom

Sleeping

Sitting on bed

Walking in working room

SR Working

Using

- Tl Walking in living room

= Tl Laying on sofa
. — - 12

// Sitting on sofa
e

e
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RMSE = z;-u-l({u = %)%
n

RMSE result

- S

O - E==In —

14 884 58 0 997 744 644

13 121110 9 8 7 6 5 4 3 2 1

1" 20
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A13197 3-3 fednnsiiudeyaiolilunmsdndulainunfvseRaund

Hour. | t-2 | t-1 t | t+1 | t+2 | Ave.

1 1.42 | 1.20 | 1.57 | 1.79 | 1.30 | 1.46

2 1.28 | 1.64 | 1.87 | 1.38 | 2.61 | 1.75

3 1.64 | 187|138 | 261|194 1.89
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M1599 4-1 augneedlunismianssumeIsnisidiaus

Rooms Activities Accuracies (%) Average (%)

Walking 94.11 98.04
Living room Laying on sofa 100.00
Sitting on sofa 100.00

Walking 66.66 71.05
Kitchen Using refrigerator 52.63
Cooking 93.87

Walking 75.00 70.87
Working room Working 72.22
Using computer 65.38

Walking 66.66 76.19
Bedroom Sleeping 100.00
Sitting on  bed 61.90

79.03
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4.2 wan1snaassn1sanaulatenwezianssuntauni

4.2.1 duyAgIU
lunisuenuegianssufiaundlunisnaassilislangrenuadisumaniainy
Bangudmsunsifanssuiiliduadv lneisweeldanuduiusvaafanssuununis

Iaduuaglavszendldnismeaianuianainvestoya (Error) ierdusuwuulunisma
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a o a

Anunfnell Fu51An333nsfidauevzaiunsaninuinunfivesianssuwasianiy
amgulunisvhAsnssuluudtas usagismstiansadufusuy et lussandldlunim
Ranssufiaundineld

4.2.2 nMyaseyadayanasay

(1) Fnsasedduvesianssulundaz uiieldlunismeass

Amdsznoudl 4-6 Tduansunudansaiuauideuasnsaddduianssuusas
Yusldadeddurestanssy  Tnensadsgadeyaifievinismaaouduldvintundsmnns

iAansslaensling (Rule-based Activity Classification) tiethluldlunisluwea 135lu

Calle

nsasulnemsauyBnishisnssdluudazdnatuiandunmdsenodl 47 ()
Usznaume ﬁaﬂﬁsuLLammL'%'uﬁuﬁmm?:uqm wdsntusade 1 Aanssuduyng 30
Aurfinandlunmuszneuil 4-7 () Lﬁai%’tﬂu%’ayjaiumiﬂmaauﬂgmm 10 %’agﬂaﬁﬁmiﬁﬂ
Aonssuuansety dslunmsadredduiviendainsthaunsdanatluwunsdy 1 il

ASLAUTENINIDT WU

1. Rule-based d

Ctit Start time End time _— . Qe Activity e Transition Matrix
Activity —> e every 30 second Model (TMM)

Classification 12activities 410050000 04:30 71512560 00:00:00 sleeping
walking_in_bedroom 04:31 04:32 71512560 00:00:30 sleeping
walking_in_kitchen 04:33 04:35 7/5/2560 00:01:00 sleeping
cooking 04:36 05:10 7152560 00:01:30 sleeping
walking_in_kitchen 05:11 05:13 71512560 00:02:00 sleeping
using_refngerator 05:14 05:15 71572560 00:02:30 sleeping

° e 3 walking_in_working_room 05:16 05:20 715/2560 00:03:00 sleeping

I ‘z! E h walking_in_living_room 05:21 05:22 7152560 00:03:30 sleeping :

i - sitting_on_sofa 05:23 05:56 7/5/2560 00:04:00 sleeping

Action, Object, Room

laying_on_sofa 05:57 06:50
walking_in_lving_room 06:51 06:52
walking_in_working_room 06:53 06:54
working 06:55 07:35
waliong_in_kitchen 07:36 07:37

using_refrigerator 07:38 07:40

71572560 00:04:30 sleeping
71512560 00:05:00 sleeping
7752560 00:05:30 sleeping
7/5/2560 00:06:00 sleeping
7752560 00:06:30 sleeping
7/5/2560 00:07:00 sleeping
71512560 00:07:30 sleeping
7/5/2560 00:08:00 sleeping
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(2) mavfisAvnssusunluddiuianssaluusagiu

Tutunouilfuanduunuiafanmusznoud 4-8 ludruiifuzuasnaundannld
a¥19fanssumng 30 Junfinaesn 24 Faludly 1 fu ewdrduianssulundagdianaindn
mé’qmﬂﬁ?uLiwié’m?iaumaﬁﬁmiimﬂuﬁﬁmﬁmummﬁai%‘lumimaauﬁauﬁﬂzl,%’ngmi
afslumadsldunsnianssusuniudufosas 1éun 10 25 35 50 vesdrwauAanssy

MU A3sNsgumdrleidein siUiguduiufanssuWasuluiuiuiuiesay
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sleep 00:00 07:30

sitting_on_bed 07:31 07:38
walking_in_bbedroom 07:39 07:40
walking_in_living_room 07:41 07:42
sitting_on_sofa 07:43 07:50
walking_in_living_room 07:51 07:52
cooking 07:53 08:20
using_refrigerator 08:21 08:23
walking_in_kitchen 08:24 08:25
walking_in_living_room 08:26 08:27
sitting_on_sofa 08:28 05:40

walking_in_working_room 08:41 08:42

working 08:43 09:02

walking_in_working_room 09:03 09:05

walking_in_kitchen 09:06 09:07
using_refrigerator 09:07 09:09
walking_in_living_room 09:10 09:13

sitting_on_sofa 09:14 09:55

walking_in_home 09:58 10:03
walking_in_kitchen 10:03 10:04
walking_in_living_room 10:05 10:06
laying_on_sofa 10:06 10:20
walking_in_living_room 10:21 10:22
walking_in_bedroom 10:23 10:24
sleep 10:25 11:46
walking_in_bedroom 11:47 11:48
walking_in_kitchen 11:49 11:50
using_refrigerator 11:51 11:53
walking_in_kitchen 11:54 11:55
walking_in_living_room 11:56 11:57
sitting_on_sofa 11:58 12:25
walking_in_living_room 12:26 12:27
walking_in_kitchen 12:28 12:29
using_refrigerator 12:30 12:31
walking_in_kitchen 12:32 12:33

walking_in_bedroom 12:34 12:35

(1) AvgeafuRaNITUNAS19TUTULAREYIIEAN

7/5/2560 00:00:00 sleeping
7/5/2560 00:00:30 sleeping
71572560 00:01:00 sleeping
7/5/2560 00:01:30 sleeping
7/5/2560 00:02:00 sleeping
7/5/2560 00:02:30 sleeping
7/5/2560 00:03:00 sleeping
71572560 00:03:30 sleeping
71512560 00:04:00 sleeping
71572560 00:04:30 sleeping
7/5/2560 00:05:00 sleeping
7/5/2560 00:05:30 sleeping
7/5/2560 00:06:00 sleeping
7/5/2560 00:06:30 sleeping
7/5/2560 00:07:00 sleeping
7/5/2560 00:07:30 sleeping

7/5/2560 00:08:00 sleeping
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1. Rule-based Date Time Activity

Activity Start time End time

R —_— every 30 second
Activity o u
o . 12 activities ’ @
Classification sleep 00:00 04:30 7/5/2560 00:00:00 sleeping
walking_in_bedroom 04:31 04:32 7/5/2560 00:00:30 sleeping

e

Action, Object, Room

walking_in_kitchen 04:33 04:35
cooking 04:36 05:10
walking_in_kitchen 05:11 05:13

using_refrigerator 05:14 05:15

walking_in_working_room 05:16 05:20
walking_in_lving_room 05:21 05:22

sitting_on_sofa 05:23 05:56
laying_on_sofa 05:57 06:50

walking_in_lving_room 06:51 06:52
walking_in_working_room 06:53 06:54

working 06:55 07:35
walking_in_kitchen 07:36 07:37
using_refrigerator 07:38 07:40

7/5/2560 00:01:00 sleeping
7/5/2560 00:01:30 sleeping
71512560 00:02:00 sleeping
7/5/2560 00:02:30 sleeping
7/5/2560 00:03:00 sleeping
7/5/2560 00:03:30 sleeping
71512560 00:04:00 sleeping
7/5/2560 00:04:30 sleeping
77512560 00:05:00 sleeping
7/5/2560 00:05:30 sleeping
7/5/2560 00:06:00 sleeping
71512560 00:06:30 sleeping
7/5/2560 00:07:00 sleeping
7/5/2560 00:07:30 sleeping
7/5/2560 00:08:00 sleeping

Transition Matrix
Model (TMM)

AMNUTENDUN 4-8 WEURINITAMIRINUIULATNISHANAINTTUSUNIUY (1)

Normal activity
every 30 second

7/612560 00:21:00 sleeping
71512560 00:21:30 sleeping
7152560 00:22:00 sleeping
7/5/2560 00:22:30 sleeping
7/5/2560 00:23:00 sleeping
7/5/2560 00:23:30 sleeping
7152560 00:24:00 sleeping
7/5/2560 00:24:30 sleeping
715/2560 00:25:00 sleeping
7/5/2560 00:25:30 sleeping
71512560 00:26:00 sleeping
7/5/2560 00:26:30 sleeping
71512560 00:27:00 sleeping
7/5/2560 00:27:30 sleeping
71512560 00:28:00 sleeping
71512560 00:28:30 sleeping

iRandom position and

ehange to new activity

7/6/256000:21:00 sleeping
7/5/2560 00:21:30 sleeping
7/5/2560 00:22:00 sleeping
7/5/2560 00:22:30 sleeping
7/5/2560 00:23:00 sleeping
7/6/2560 00:23:30 sleeping
7/6/2560 00:24:00 sleeping
7/5/2560 00:24:30 sleeping
7/5/2560 00:25:00 sleeping
7/5/2560 00:25:30 sleeping
7/6/2660 00:26:00 sleeping
71612560 00:26:30 sleeping
7/6/2560 00:27:00 sleeping
7/5/2560 00:27:30 sleeping
7/5/2560 00:28:00 sleeping
7/5/2560 00:28:30 sleeping

new activity

7/5/2560 00:21:00 sitting_on_bed
7/5/2560 00:21:30 sleeping

71512560 00;22:00 sitting_on_bed
7/5/2560 00:22:30 sleeping

71512560 00:23.00 sleepm4

7512560 00:23:30 sleeping

7/5/2560 00:24:00 sleeping

7/5/2560 00:24:30 sleeping

71512560 00:25:00 sleeping

71512560 00:25:30 sleeping

71512560 00:26:00 walking_in_bedroom
71512560 00:26:30 walking_in_bedroom
71512560 00:27:00 sitting_on_bed
7/5/2560 00:27:30 sleeping

7/5/2560 00:28:00 sleeping

7/5/2560 00:28:30 walking_in_bedroom

Transition Matrix
Model (TMM)

ANUTENBUN 4-9 WHUKINITAMRUIILITELAZNITHRLAINTTUTUNIU (2)
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7/5/2560 00:25:30 sleeping 7/5/2560 00:34:00 sleeping
7/5/2560 00:26:00 walking_in_bedroom 7/5/2560 00:34:30 sleeping
7/5/2560 00:26:30 walking_in_bedroom 7/5/2560 00:35:00 sitting_on_bed
7/5/2560 00:27:00 sitting_on_bed 7/5/2560 00:35:30 sleeping
7/5/2560 00:27:30 sleeping 7/5/2560 00:36:00 sleeping
7/5/2560 00:28:00 sleeping 7/5/2560 00:36:30 sleeping
7/5/2560 00:28:30 walking_in_bedroom 7/5/2560 00:37:00 sleeping
7/5/2560 00:29:00 sleeping 7/5/2560 00:37:30 sleeping
7/5/2560 00:29:30 sleeping 7/5/2560 00:38:00 sleeping
7/5/2560 00:30:00 walking_in_bedroom 7/5/2560 00:38:30 sleeping
7/5/2560 00:30:30 walking_in_bedroom 7/5/2560 00:39:00 sleeping
7/5/2560 00:31:00 sitting_on_bed 7/5/2560 00:39:30 sleeping
7/5/2560 00:31:30 sleeping 7/5/2560 00:40:00 sleeping
7/5/2560 00:32:00 sleeping 7/5/2560 00:40:30 sitting_on_ked
7/5/2560 00:32:30 sleeping 7/5/2560 00:41:00 sleeping
7/5/2560 00:33:00 sleeping 7/5/2560 00:41:30 sleeping
71512560 00:33:30 sitting_on_bed 7/5/2560 00:42:00 sleeping
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M50 4-2 enanagnaesileldinsylaaniuansieiuves RMSE ave. wag RMSE min.

RMSE avg. RMSE min.
Threshold

0 10 15 35 50 0 10 15 35 50

T=3 19.17| 14.58 | 5.42 0 0 100 | 100 |93.33 | 57.92 | 31.25

T=4 26.25/ 24.17 | 15.83 | 959 | 4.17 | 100 | 100 |99.17 | 97.08 | 62.92

T=5 37.91|40.83 | 37.50 | 30.83 | 22.50 | 100 | 100 | 100 | 99.58 | 91.67
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10 | 25 35 50 AR
1 100 | 100 | 9167 | 54.17 86.46
2 100 | 100 | 95.83 | 5833 88.54
3 100 | 95.83 | 100 | 79.17 93.75
q 100 | 100 | 100 | 625 90.63
5 100 | 100 | 100 | 79.17 94.79
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. S0UaTURININTIUIUNIU
YnUoyad ——
10 | 25 35 50 ARdY
6 100 | 100 | 9583 | 75 92.71
7 100 | 95.83 | 100 50 86.46
8 100 | 100 | 95.83 | 62.5 89.58
9 100 | 100 | 100 | 58.33 89.58
10 100 | 100 | 9583 | 50 86.46
Anads | 100 | 99.166 | 97.499 | 62.917 89.9

3) nan1snaasenisaadulamnanssuiiunfuasRiaunf
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(2) Wan1IMnang
Tunmsnanosilfiseldvanedasldyndeyaiiunndatulunsihianssuianun 10
yatoua wazvnaeulaensldrsniiaoswosmnuamaindeuridsassadsiitosdian (RMSE
min.) warAunsTlganiuandeiuie 3, 4 uag 5 S?iaLLamﬂ'ﬂmmgﬂéfaqﬁié’mmmiwﬁ 4-4
Tnenansnnaedidvaaouludowunuausfigruiinarnindreiu Tasdowihtu 0 neddy

24 Fusliifinsdedularnduianssuniaunfias

AN5199 4-4 AsgaznIsanaulafUnAdlaltIsNsNUEUMEANSY L EaNLANFE1IIUY

NARBITENINYATBUATNIUANASY 10 YnTeYA

personl | person2 | RMSE min(T=3) RMSE min(T=4) RMSE min(T=5)

1 0 0 0

1 2 50 37.5 16.67




personl | person2 | RMSE min(T=3) RMSE min(T=4) RMSE min(T=5)

3 50 37.5 16.67
4 50 37.5 33.33
5 50 37.5 16.67
6 45.83 29.17 20.83
7 50 41.67 125
8 20.83 20.833 20.83
9 41.67 25 25
10 50 37.5 29.17
1 58.33 45.83 29.17
2 0 0 0
3 4a.17 a.17 a.17
4 41.67 37.5 16.67
5 4.17 4.17 0

? 6 58.33 58.33 33.33
7 54.17 45.83 33.33
8 54.17 45.83 37.5
9 66.67 62.5 54.17
10 45.83 37.5 25
1 50 37.5 16.67
2 8.33 8.33 8.33
3 0 0 0
a4 41.67 41.67 25
5 125 125 8.33

’ 6 58.33 58.33 375
7 54.17 45.83 29.17
8 58.33 50 41.67
9 66.67 62.5 54.17
10 45.83 41.67 25
1 66.67 45.83 375
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personl | person2 | RMSE min(T=3) RMSE min(T=4) RMSE min(T=5)

2 79.17 79.17 45.83
3 37.50 33.33 29.17
4 0 0 0
5 41.67 37.50 25
6 75 54.17 37.50

4 7 58.33 37.50 20.83
8 70.83 54.17 50
9 70.83 62.50 50
10 62.50 58.33 45.83
1 58.33 45.83 29.17
2 4a.17 a.17 a.17
3 8.33 8.33 8.33
4 45.83 41.67 16.67
5 0 0 0

5
6 58.33 58.33 33.33
7 54.17 45.83 33.33
8 54.17 45.83 37.50
9 66.67 62.50 54.17
10 45.83 37.50 20.83
1 54.17 41.67 33.33
2 50 50 33.33
3 50 50 33.33
4 66.67 54.17 29.17
5 50 50 33.33

° 6 0 0 0
7 50 41.67 20.83
8 54.17 37.50 29.17
9 58.33 50 25
10 62.50 58.33 54.17
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personl | person2 | RMSE min(T=3) RMSE min(T=4) RMSE min(T=5)

1 62.50 54.17 37.50
2 41.67 29.17 20.83
3 41.67 29.17 16.67
4 54.17 33.33 25

7 5 41.67 29.17 20.83
6 45.83 37.50 8.33
7 0 0 0
8 62.50 50 a1.67
9 58.33 54.17 33.33
10 66.67 66.67 45.83
1 29.17 25 16.67
2 50 37.50 25
3 50 37.50 25
4 58.33 45.83 33.33
5 50 37.50 25

° 6 50 41.67 20.83
7 58.33 45.83 33.33
8 0 0 0
9 37.50 29.17 16.67
10 54.17 41.67 20.83
1 50 37.50 33.33
2 58.33 54.17 45.83
3 58.33 54.17 45.83
4 58.33 45.83 29.17

9 5 58.33 54.17 45.83
6 50 41.67 25
7 54.17 50 33.33
8 33.33 25 16.67
9 0 0 0
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personl | person2 | RMSE min(T=3) RMSE min(T=4) RMSE min(T=5)

10 50 45.83 20.83
1 50 37.50 29.17
2 41.67 29.17 25
3 41.67 29.17 20.83
4 50 41.67 33.33
5 41.67 29.17 20.83

0 6 54.17 50 a1.67
7 54.17 54.17 37.50
8 50 37.50 25
9 45.83 41.67 29.17
10 0 0 0

(3) ayunanisnnaey
A v v a r.! v any v X P
nHanIaaetisnslaldyndeyanaaeuiluyateyailaasisuiesdaly
U19ANUNNYINANTSUTANULAL UM Bl NALAeIAUUNY YINTNANISNAaBIURIdILRIlANY

LiedpsuareralianunseagUlduwduewinluianssuiifiaunivsalyl

4) nan1snaassdioFsuulasaamaussananavaslung
nuan1sneasdluidediniug 11 inldveaeulumalaenisldmsalaawintu 4
uazUszananayng 1 42l Tutiteisldnadeummseleaitmunzanluganaaisie Ae
15,30 wag 45 wifluag 2,4 9309 Fsaunsaleadildunannisauialasldaiaisvema

Aaa o

RMSE min. uazladenldrnadeluyadeyanaasunifianssusuniu Segag 50 venyn
Toyanaaoy lnganvineudalarnnsylaaminanly 6eil Ae 0.88 lunng 15 wii, 1.75 Tuyng
30 w1, 2.67 Tunng 45 uad, 6.58 Tunng 2 Faluswas 11.79 Tumng ¢ 93lug 915799 4-5

24 4-9 LaMIALRABYDY RMSE min. Tukmazy1aan



M5 4-5 Aadeves RMSE min. lulinalaguszanananng 15 w1i

yadayanasay SeuazfanIsUTUNIU
10% 25% 35% 50%
1 0.19 0.44 0.63 0.89
2 0.23 0.52 0.67 0.9
3 0.19 0.54 0.67 0.85
4 0.22 0.53 0.71 0.92
5 0.24 0.44 0.61 0.83
6 0.21 0.53 0.7 0.9
7 0.2 0.53 0.69 0.97
8 0.18 0.42 0.65 0.8
9 0.21 0.55 0.74 0.9
10 0.2 0.53 0.67 0.92
Avs. 0.207 0.503 0.674 0.888

AN519% 4-6 ALRAYYDY

RMSE min. lulsiaalagussanananng 30 w1

yadayanasay SeuazRanIsuIUNIU

10% 25% 35% 50%

1 0.37 1 1.26 1.8
2 0.45 1 1.32 177
3 0.46 0.96 1.39 1.78
q 0.45 1.02 1.47 1.87
5 0.45 1.02 1.35 1.75
6 0.41 1 1.52 1.78
7 0.47 1.13 1.47 1.99
8 0.46 0.94 1.31 1.61
9 0.45 1.08 1.51 1.88
10 0.44 1.07 1.38 1.79
Avg. 0.44 1.02 14 1.802
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M1579% 4-7 Aadeves RMSE min. TulunalaeUssuiananng 45 i

yadoyanaaay Sawazfianssusunu

10% 25% 35% 50%

1 0.63 1.52 2.00 2.69
2 0.73 1.51 1.99 2.56
3 0.71 1.69 2.04 2.65
4 0.65 1.50 2.10 2.76
5 0.74 1.53 1.97 2.66
6 0.59 1.63 231 2.64
7 0.68 1.72 2.26 2.82
8 0.67 1.46 1.88 2.50
9 0.69 1.59 2.22 2.74
10 0.73 1.63 2.16 2.67
Avs. 0.682 1.578 2.093 2.669

M13799 4-8 ALadeves RMSE min. TulunalneUssuiananng 2 4alus

yadayanagay Sowazfianssusunu

10% 25% 35% 50%
1 1.79 3.82 5.16 6.84
2 1.82 3.82 5.00 6.60
3 1.92 4.29 5.20 6.23
4 1.82 3.89 5.19 6.74
5 2.06 4.02 a.97 6.24
6 1.76 4.24 571 6.50
7 1.89 4a.54 541 7.31
8 1.47 3.60 4.76 6.07
9 1.68 4.14 541 6.22
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yadoyanaaay Sawazfianssusunu
10% 25% 35% 50%
10 1.94 4.22 5.37 7.02
Avg. 1.815 4.058 5218 6.577
5197 4-9 AaABYes RMSE min. luluinalngyszanananns 4 42l
yadoyanaaay Sawazfianssusunu
10% 25% 35% 50%
1 3.1 7.1 9.3 13.08
2 33 6.7 8.63 11.27
3 3.2 7.22 8.91 11.06
4 3.2 6.89 9.33 11.9
5 3.36 6.8 8.39 10.7
6 3.51 7.98 10.5 12.26
7 35 7.9 10.36 13.07
8 3.26 6.61 8.5 11.17
9 3.09 6.77 9.28 10.47
10 3.73 7.78 9.72 1291
Avg. 3.325 7.175 9.292 11.789

(1) duyfgu
A4 o a ! o ' a
dpinisdsuuvasiinarlunsuszanananagyinismannseleaiivanzay
wi azladnmnugniesaumnaunataran oA msylaauayinismaunsylaatluly
93416 Ban19i1 RMSE min. Tuyadeyanaasuniifanssusuniusesas 50 annsavililang

msmaauﬁaumqama

(2) Nan1sNAaDY
HAN15NARRILALUINNLLIAT A15197 4-10 uansdmugndesieldinsyleaminiu
0.88 uazUszulananne 15w Fauanslviiuindeiifionssusuniuties (10,25%) A
12 a0 dl = = & @ 6 dl aa 1 Y v G
AugndesliAeisuniauis 100 Wesiduduazaifanssusuniuwiiuiesay 50 v3e

ATIMilsAIALgNABIaRadNIY lA1ANgnABIUsER MTera 50 waslulianduquansly
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M1399 4-11 B9 4-14 Felaaafeanugnaesnifanssusuniuesas 50 Ussanafosas 50

bYUNU

M1517 4-10 Arenugndesileldinsylaawindu 0.88 uavUseatananng 15 Wi

yadoyanagau SewasfianssusunIU
10% 25% 35% 50%

1 98.33 95 73.33 43.33
2 100 91.67 68.33 43.33
3 100 88.33 76.67 51.67
4 98.33 90 76.67 50
5 100 91.67 85 55
6 100 90 53.33 71.67
7 98.33 95 80 a5
8 100 95 76.67 56.67
9 100 86.67 70 a5
10 96.67 90 78.33 a5

Avg. 99.166 91.334 73.833 50.667

M3N7 4-11 Armnugnaeadleldinsaleawiniu 1.75 wavUsvaianann 30 u1il

yadayanngau Sewazfianssusunu

10% 25% 35% 50%
1 100 100 79.16 37.5
2 100 97.91 83.33 43.75
3 100 95.83 75 45.83
4 100 93.75 77.08 50
5 100 93.75 77.08 50
6 100 91.67 62.5 43.75
7 97.91 91.67 75 35.41
8 100 91.67 89.58 56.25
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yadoyanagau JewasfianssusuNIU

10% 25% 35% 50%

9 100 87.5 64.58 39.58

10 100 93.75 70.83 43.75

Avg. 99.791 93.75 75.414 44.582

337l 4-12 Ansgndeadleldinsaleawiiu 2.67 uazUszanananns 45 uni
Yadayanasay JeuazianTIUTUNIU

10% 25% 35% 50%

1 100 100 84.37 46.87

2 100 100 87.5 59.37

3 100 90.62 84.37 62.5

4 100 100 87.5 40.62

5 100 93.75 81.25 46.87

6 100 96.87 75 53.12

7 100 93.75 78.12 46.87

8 100 96.87 87.5 53.12

9 100 100 75 46.87

10 100 100 84.37 43.75

Avg. 100 97.186 82.498 49.996

M31971 4-13 Aaugndeaidleldinsuleawiniu 6,58 uazUszanananng 2 Falus
yadayanagau Sewazfianssusunu

10% 25% 35% 50%

1 100 100 66.67 58.33

2 100 100 75 a1.67

3 100 91.67 75 58.33

4 100 100 75 58.33

5 100 100 83.33 50




65

yadoyanagau JewasfianssusuNIU
10% 25% 35% 50%
6 100 100 66.67 66.67
7 100 100 66.67 50
8 100 100 75 66.67
9 100 100 75 75
10 100 100 83.33 50
Avg. 100 99.167 74.167 57.5
151971 4-14 eermgnieadeldinsaleaintu 11.79 uazUszananayne 4 2l
yadayanasay JeuazianIIUTUNIU
10% 25% 35% 50%
1 100 83.33 83.33 50
2 100 83.33 83.33 66.67
3 100 83.33 83.33 66.67
4 100 100 83.33 66.67
5 100 83.33 83.33 83.33
6 100 100 50 33.33
7 100 100 83.33 50
8 100 100 83.33 66.67
9 100 100 83.33 83.33
10 100 83.33 83.33 33.33
Avg. 100 91.665 79.997 60

(3) @yunansnnaey

v oA v ~ A Yo ° %
INHANTNAFDILANI AL B TgA STl saiivunzauaLa Rl Aum YNl

lerAnugndestaumnaunaausaiailuldsely wavlumallanansafiasuudsaaand

Talun1suszuiana Tngn1sANUIMNANWNSTLaan1873AINa1ITN199 U




66

4.2.4 @3Unan1snaasg

lunsnaaesindulanenuesianssuniaunanu ildasdueadasiagadulun
Anudangulunisuenuezanuiinunfivesnisinfanssulunnazyas lnvasrddunainiu

v o ¢ a ! 1 gj 5 14 =) I

Auduiusvasianssululdazdaiug uazlunsuenuesiuslalénmsssuieulag
IdAnsnfiaesvesnuaainndeuiasaenads lunsieudisuleanldmmuatulnidy
a = a a Y 1A Yy oA a & v - | =
Aanssuiundnagfanssumdanlnintaifiafanssusuniulusevasiieniaanuunneig ¥
bilanadnuasieldlunsuenuegianssuiuniuasinunduaylaimugnieuade oy
ag 87.1 wazinlaldetuunldlunisnaaswielilngldviaun 10 yadeyanaaauniinisi
Aanssuuanaiunudt lun1sadefanssuvesiiazyanaduues uianatduiin1syiy
Aanssunlndifssiuisinlinadnsnlaunligndeuazliarunsaveanaiiugnaealaagng

IoLaU

4.4 83UUALIATIZVINANITNAADY
TusnAdeilanergunislunisientezianssuniaunfoanainnisinfnanssud
Undtudinusednrtumensidaunsaliinntdesiian lnedenldmaianisussuiananin
Felgnmainndesluyutramedsminauelne P. Chawalitsitikul wavany [4] 1Ussyndld
Au ngiladaue emiAanssy 12 Aanssuiug1uludinyszd1iun 4 fies Fan15un
Avnssufinludiiandsz s Tududunaulsnuesauddeainianun 3 Junou Jsnuinlu
Yy o a v a4 & a v 1% o = v a
ViesTununiinnugnaesauaie 3 Aanssuseay 98.04 wagiesiauiiaiugnaeuaie
£ a{' Ay a a v o a 2 vy & v v a v
Weganiseuay 70.87 uaznanssuiignaesasiigane nsldgiduluiesnsiiaiugnaes

WgeToray 52.63 Far3duduiluguinnnugnfeareIn1IMIAINIsUAI8ITN15LTUeY Y

ANNYNABIVDIVITNTWIMIINTUBUEIAINGNABIaI AN ssuAldvinmsnTueus Ity

| 4 I

nsiasaniaugndedgaiig Bnniladadeniinaseainugnissfe yundewazingnegly

)
Womningiduiuunnuasyundelinainliingrivdeutiuaziinlvinisiieseimssesring
sENINNUARAKALINgRANAINYI NSRS IEIIMsEaNaInla ©d991NsIIINITIATIEYR
Aanssuslaiausluwanisinudoyanuduiusvesianssulugluuuveaun3ngyne
Flualu 1 Yusazsvualindulumanunfiie l9luni1sndnwausu1eg19tunisdnaulai
& a P a A a a ] Y a v & o a

Jufnssunundvseiaundlasisnldnisasieionssuly 1 Julusienisnisifanssuyng
30 uuazgduUfsunanssuunINTIUVTeMsNIENdINNTas1anaNTIUTUNIU (Noise) B9
TunuiddetsldsesazvaefanssusunIusesas 10 25 35 wag 50 warlauausislunis

a aa a IS a A Yaa dy a Ia k4
LENLYELNANTIUNNAUNG I@EJLi’]?JﬁlIl(!G@']UV]’N mnlsnsimnianssusuniulaiiiudesay



67

50 3Bn1stisesuenindunisinfanssuieniu Fwansvaaewilisilaawmsaleawiniu 4
way 5 ulduagnaassiuynadeyaiuand1e 10 4a wlloI9INN1SAMUANINT TR AY

AULe9 Y lrNanIsneasseonukiug liunndn



68

uni 5

unagy afuTeNaLazUaLauBLY

Uagdunuilinvesiuiudaseigludssmalnoiiug@Wuiee g vinlvinswaun
a A v = o ' o o av A yvo =S

wangnalulagiiedislunisguadaseigendeedniuaine euidedlanmuivuiion
BnslunswenuezanuiaunAvesnginssulutinusedniu lnensufanssululsaz iy

aa 2/ & a A v ' ¥ v [ a dy d‘
namIalely 4 Westanue 12 Aanssuaiuilanaiuidisdu Wufanssuiiugiuiay
anldivenmginssuniaunidely Tudunaunismngdnssuntaunsisilulagaiuluds
AanssunserimvilininAunIsuIY winwddeilslayaiulydiguuuunisyin
a N a =t ° =t a a | =
Aanssunasuly dee19azinundennuiauniluszezenn wunswasunlainainisusy

nssulsemuemsuazaus [Wudu

5.1 d@5UNan15IvY

1y A

TumAfeiliisouasinuiBnaiedhas Tageengflegordunug s Tnesjathuly
famsmanuiaUnfivesnsinAanssnvesaeetgdsannsatuenisanuiiaUnfivesaunm
Tusgozenld Inen1s@nw JnTziuasimulagldnniflefentsldngiednaulan
Aanssuanvimsuaringseuireneluthutesinauslumadadulinnamiudimiuslunis
viAanssuluudazyaaae iedunldlunsinsgiauiaund lunisusniezianssud
Unfuagiinunfsliuszgndaniiaseseiunaandouidans Wisuisulunaiiie
Ieimualndufanssuiiundlundsiunaglumaiidranlyeilu 1 9lus

Tnglumsnaasasldiuduainnmsadisianssunng 30 Jurdilunisiunasiiv
ANuduRusvasianssululunanng siledaluuas tmunliRanssuduidufanssuiiung
vdnialEvinsasuueianssuluniciuduionssusun dusenindumsadeionssy
sumulufianssuiiun fesaz 10 25 35 wag 50 muddy Tuitaman 10 feyavesyana il
TlunsnaaeunmismaiiteusnuezseninsfanssuiivAnasiiounadasliszandldesni
aoswasauAIAAdeuidsaeadsluitnsi duilhsldamslsafinnadimunzan
dmdunisuenuezianssuiiunuazinun Mé’qmnﬁdu?jqﬁflmﬁmmaauﬁ’usqméﬁazgaﬁLmﬂﬁm
fukenun 10 gadaya

Mnmsneassiildnarniduliuensavesnismaasadu 3 diu daunsn Ae wa
nsnAaeaInnIsIAanssalasfinugniesesnimmaaesidaunaiuiitueg fuaina

Y

9NABIVRIINIIY Fedlonrugneieswaarimisgs Aanssunldnasdaugneesassiag



69

wenantuduingmeluiesiiinarensliesgimianssy Weliingluiesdrwauuinyi

(% IS a

insinsseranyanaivingianuianaintagzdmalin1siaseilia nain diuiaesway

ANuABN15a51979NsTUIULARLIY WBMASIUNISLENLELANURAUNRVDINITHIAINTTUTY

puINanIsneassliianysin wWesannfanssunlaasie@uiinnuadateedsnuluuiaiananie

5.2 aAUs18NA
dusumnugndesvensinsgimfanssuduiimeladefanssufidvionimnis
A = IS ¥ = ] [ = 1
weu Ao NsueuUUlYY NTUBUUUIALIIANYNABIEITY 100 Wesidud TIudeimianis
o Y  Aao = & v ' a ¢ o b & v
Haluresdingiisadndossinlunsiiasey wu nstsvuleviluiesuesuniianugndes
g3dla 100 Wesi@udauiu Faznuldinluiesiuauiaiadeninugnioiweiwiasianssy

29N71%e38u984 98.04 Wasidud wazlueshnudadiingslunisimsigimfanssy

J

oy A a = v v = s & ¢ A ]
ll’]ﬂﬂ']’ﬁ/i@ﬂ@uﬂmﬁqLQaﬁJﬂrJqﬂJQﬂmaﬂu@ULWEJQ 70.87 Wostgus Lu@ﬂ"iﬂﬂwqmqﬂﬂqiieﬁ

<

a s £ = § < 13 & k%4 o 1 = [
ABUWIABDIONABDILNGS 65.38 LUDILIUN UDNIINUNUNADILAZNITANNUAAIAINANYBIINGN

q 4

v v .:4' )

fiduliainugndesanas Fsfanssuidinugniestesianfonisldgiduluieinsn

Wownanyunaes ieuasluwuiaedd dngiinsreutielnaiuinlvenlunisindudi

'
=

°o v o a = v b = s 2 & t% o
yanandwinanssulagalinugnaesiseiiies 52.63 Wesidud wazluneiusudailing

Va

WemiuuirnanugnaesunsTiaseidos ninluvmianisiiiuka el Fedendn

Y

NyuNdesuaziasiazyioureuissilvinsiinngiiinsianaindssalinisingey
AINIIUEANAINAIY

winldieszitanssy Sddvihmunszuaumsinegitldnanuteuntiduasii
nsmmstlgafinaiansaldlunmsuenuezionssuiiunfuazinunfoonaniiluduusn
Limmaaﬂmiﬁfﬁ’%@uﬂaﬁﬂwﬂauﬁ‘a‘uLﬁauﬁuﬁagaﬁmmmﬁlauquﬁaﬂiiu%faaaz 10, 25, 35

waE 50 VBINANTIUNINUAWAELALEDNANNTHLEAMNAU 3, 4 hay 5 kazia1sanluA1LRae

'
1 )

(RMSE avg.) WazAniitpeigavesmsiniiaesuaiainuaainiadeuinddadiads (RMSE min.)

Weuunfinnsanselumuanyfgiuinisnisiisliinaueaisueninduianssunung

[

Manualananismaassfsiiaely RMSE ave. dueiniugnaestes ldaiuisaunldlunis

'
1A

wenueglsl RMSE min defidimelafe Wiefanssundfanssusuniuiatdesinaninugnsies

a

guuazilonanssunifanssusumuiuiummugnieanas JulleAnsylaawiniu 4 uag
5 Tu Avnssundfanssusuniu 50 Wesidudvziinaugndes 62.92 uag 91.67 Wesidud
mua1eu Feudedulivgruitdwnsylaavindu 4 uaz 5 ansaldlunisuenuezfianssud

Uniuagiaundle lneldvinismaaevauyfgiuiilutuiiaesdmegeuivyndoyaniinisyi

Y



70

AanssunuanA1eiuanLe 10 Yadeyanuimalinnisnaaeileldinselaamifu 5 &
ANgNABsaINInilamsylaaminiu 4 vavue Tuvuginsaleamiiiu 3 uag 4 danugnaes

Ya o

d' Y a v 3 ! 1 a 1 ] 1 6 v P I
VliﬂaLﬂEJ\‘lﬂuL‘U‘Uﬁ’J‘lﬂ‘VIfg W7 EJﬂ@’JWﬂ’]iVlﬂaENENINﬁNQJﬁUUﬂLuaﬂ’fﬂ’mLUuﬂ’]iWﬂﬁ@U%’]ﬂ

Y
(%

Aunssuildasstuemarluunindsdinnsifinssuiiadendeiuluuisaaidesiiliu s
yamaiinarnugnissiileiUSeuifisuiuunayanatarusyanaiinanugniodigs
Tunsnaseudaunisldmageunisidsunlasnmstsznanaresnailuluaadl T
Aonld 15, 30, 45 Uit way 2, 4 $21us Insludunsnyinsuimstlealaeldidiadsves
RMSE min Tunswaaeufuganaaeuiifiianssusumudesay 50 dadlothunldusnuezainy
grdonilldnanisaasaduiiiwels
fofvedumaiildinaueifeaunsadandunisuenuezianssuiiiaunilaeitiy
AudusiusvesAanssuINAIE WU annsodavgunatiildlunisy ssananald uagly
sunAnansaauiinAnlnenslddoyanifinnsusuugaaniunountuiteldidudeya
fugulunslisuiisuanssudiiaund uasluwadannsouansuenldifanssuluednd
fienuraUnfly
5.3 daLauauu

'
av 4a o

< V1 [ a a o a v o
ﬁ]%LMuI@’J’N’]M'J’ﬂEJ‘V]‘LHLﬁ‘LlEJLUU’Jﬁﬂ’]{L‘Uﬂﬂﬁﬂﬂﬂ’l']llNﬂﬂﬂm‘ﬂaﬂﬂﬂiﬂ’]ﬂf\]’]miﬂig’ﬂﬂ

1
1 =

Jufiwasuwladlvandulusdasu Sdlunuideidisndennginssuiianuniluann
FinUszarTuiuin Wuauiaund %ammﬁﬂ‘dﬂﬁﬁmqLW;m'iaimmmﬁﬂﬁlmwﬁm
ansRnUnAvesgunld Taesjariulugimsgunuunisiianssuiinunivieasuudadly
gaaRaTasusEaTulurasiandie wWesnnludinasansvhAanssusineg Lildivdewduly
nnafu uisiauduiusuvesfanssy Snluauslunarduiudvosfansauiioiuainy
BaveulunisUssanana Jldldyadoyannaeuiiadsdiuies nsauyAliimshusasAanss
Tu 30 Sufidsddananmstszanansifanssuanaminledsersnedesniniu was

'
o w [ =€ VYA v

a < 14 X v a ' ¥ o Y & 1
afuresmsvifanssulunisaiis@iumenuies Baideandvinlaunluussendldiludu

Y

' [ '
= v 1 (% ¥ a o

wilsluszuuiihszfadgeengfiendoegtumudwiaty deyafiihulfiludeyasouiioy
msaziduteyaiiinsuivugeddiuianssuaniuieunii InsduuiAnves Adaptive
model 3nld5uilunisairaluna iosannisiiAanssuveusazyanaiiniuunnsiisiy
Tunadsmsininudsuslasmudnuagmahanssuoiusazyanauardnandeyaiiugu
fuarldlunauisufisumanufisunfegsaihiase Filunauazismsfisasiiaueii
Fananlunistszananaiisldnaaeundrilunaaunsadsuudasnatldtueg i

Y

anuUNILAAIUAAG BeAsiinamedeudsviiatlamunzauiuyanale dWesainmndu



71

nanlundsilusagyilinmihRanssusinnudangumniinaudsuulaniisadntesffod
Fuduunfumangdmivyanafiannsoviansaldvanvanelu 1-2 Falu ananuuty
mangdmiunsganuiaUnfnasmaitasuutasllvesmvinenssuluszezen dunsly
narlumstsssnanatiostuannsnvenmsfinunilunandusazAeutandeantt g
dmsunsiiisyTsegndlndda SsnsldnsiieuiisuivAanssuneunii Sdeidedenindl
mMswasuudasvesiatnsusziriu wildlfiduauiiauniass lunafueninduiinund @
fidouuzthitlusuanasiimsinwnazirdstogaduiuiunounsinduloinduiinni
Tuguln wegluswiameuduiusiagsuinAanssumaniannsouiuBeuiufutuld
viensuszgnAasundastisnatlunisuseanana Welildnadnsinfigaileluldase
ogilsAmuauideildligndoyannaouitlllsarnmgnisaias sndnnstauideily
fnuvielueuian Jmiadusddainaglisunmmaaeuseyadeyanaasuainvgnisal

a v a R a X g v A ¢ Y a
"\]iﬂ@ﬁ&]ﬂqwjﬂia WiaWWU’]LW@JGUULUu53UULE:I']ﬁng'V]alliﬁl5mLLagﬁqNqiﬂimﬂ'ﬂiﬁiuauqﬂ@



UITUUIUNTU

[1] szuugudayaniudinuiazAmnIngdn, “Social and Quality Of Life Database
System”, 2016. Available: http://social.nesdb.go.th/social/Default.aspx?tabid=131.
[Accessed: 16-March-2016].

[2] THAILANDEFR, “L'age meédian dans les pays de UASEAN”, 2016. Available:
https://www.thailande-fr.com/societe/38102-thailande-pays-devieux [Accessed: 16-
March-2016].

[3] S. Seawpakorn and N. Suvonvorn, “Top-view Based Human Action Recognition

)

Using Depth and Color Information,” in proceeding of Advances in computer Science
and Engineering (ACSE 2012), Phuket, Thailand, April 2-4, 2012.

[4] P. Chawalitsittikul and N. Suvonvorn, “Profile-based Human Action Recognition
using Depth Information,” in proceedings of the IASTED International Conference on
Advances in Computer Science and Engineering, ACSE 2012, 2012, pp. 376-380.

[5] P. Chalearnnetkul and N. Suvonvorn, “High Level Fusion of Profile-based Human
Action Recognition using Muti-view RGBD Information,” in proceedings of 12th
International  Joint  Conference  on  Computer Science and  Software
Engineering(JCSSE), 2015, pp.36-40.

[6] S. Chernbumroong, S. Chang, A. Atkins and H. Yu. “Elderly activities recognition
and classification for applications in assisted living.” Expert System with Application,
vol.40, 2013, pp. 1662-1674.

[7] M. Kepski, B. Kwolek and I. Austvoll, “Fuzzy Inference-Based Reliable Fall
Detection Using Kinect and Accelerometer,” Springer-Verlag berlin Heidelberg, 2012,
pp.266-273.

[8] C. F. Crispim-Junior, Q. Ma, B. Fosty, R. Romdhane, F. Bremond and M. Thonnat.
“Combining Multiple Sensors for Event Detection of Older People,” Springer
International Publishing Swizerland, 2015, pp.179-194.

[9] T. Banerjee, J. M.Keller, M. Popescu, and M. Skubic, “Recognizing complex
instrumental activities of daily living using scene information and fuzzy logic,”

Computer Vision and Image Understanding, vol.140, November, 2015, pp.68-82.


http://social.nesdb.go.th/social/Default.aspx?tabid=131

73

UITUUIUNTU

[10] H. Medjahed, D. istrate,J. boudy and B.Dorizzi, “A Fuzzy Logic System For Home
Elderly People Monitorint (EMUTEM),” in processing of the 10th WSEAS International
Conference on FUZZY SYSTEMS, 2013, pp.69-75.

[11] J. Ho-Youl, S. Park and S. Park. “Detection abnormal pattern in activities of daily
living using sequence alignment method,” Engineering in Medicine and Biology
Society, 2008. EMBS 2008. 30th Annual International Conference of the IEEE. IEEE,
2008.

[12] J. Hyuk Shin, B. Lee and K. Suk Park. “Detection of Abnormal Living Patterns for
Elderly Living Alone Using Support Vector Data Description,” IEEE Transactions on
Information Technology in Biomedicine, vol.15, No.3, May, 2011.

[13] O. Salah, A. Ramadan ,S. Sessa ,A. Abo Ismail, M. Fujie, and A. Takanishi, “ANFIS-
based Sensor Fusion System of Sit-to-stand for Elderly People Assistive Device
Protocols,” International Journal of Automation and computing, vol.10, October,
2013, pp. 405-413.

[14] L. Liu, S. Wang, Y. Peng, Z. Huang, M. Liu and B. Hu, “Mining intricate temporal
rules for recognizing complex activities of daily living under uncertainty”, Pattern
Recognition, vol. 60, pp. 1015-1028, 2016.

[15] J. Sung, C. Ponce, B. Selman, A. Saxena, “Unstructured human activity detection

from rgbd images”, in proceeding ICRA, 2012.



AMARNUIN

74



AMARNUIN 1.

NAITUANUNWLNELNTIININGITNUS

75



76




I

Rule=based Activity Classification Technique using Actions and Objects
Information

Saowanee Ruangniam and Nikom Suvenvorn
Faculty of Engineering, Prince of Songhla University
sitenvaneercss @ gmal com, fomilcoe prw.ac.th

Abstract

The wamber of efder peaple dn Theilond  is
fnervasing arere ragidly compared fo other couniries
i ASEAN. o shiz sitwetion, the  vislon-Doged
fechnofagics could be of mrear henalfis in assisiing
and memitoring elderly people who fve alone o
their bowge, In this paper, we propaose o meshod for
gttty clastification uzing actions i coaperaion
with ohfects in the rooms, e peed an acfion-
recagnition pethod fo fdentify for basic actiors in
daily ity inclading sonding and wolking, sining,
faving and bending, The focafion of obfects nslde
five vowe dx predefined. Then, o rle-fased fechnigue
is applicd o clexsify the aciivity inte {2 fepes in
connection with the room gred olfects inside i Our
meethod  shows encovaging  resilis with  Righ
aeouracy, o jwiwre works, we will establish the
patters of  fhese  activily  for deteciing  possible
abwornal evenls.

Kevwords: Activity Classification. Rule-based
Decizion Svstem, Elderdy People

1. Introduction

The projection of elder in Thailand has increasing
every year amd it has been most increasing of
ASEAN, some elderly prople were living alone,
When they have aceidents at home, they can beeak
their hips or die, if there i no immediate help.
Technelogics hove been developed for assisting or
tbetecting when elderly have abnormal activity msiche
the home, To develop a surveillanee syslem for
imrediately alerts when anomalies occur, one of
substaninolly developed lechnolegmes 13 the vision-
based buman activity recogrition. In thas paper we
proposed a method to classify the 12 daily activities
in rooms using information of human actions and
surrounding  obpects, The proposed  classihication
|A’.'I,:III1:II.:|I,.|I,! i.-, |;|L'.\_,igr|u~e|. % r|||x,:-|_'|;|:mﬂ :l.ul.:'i:siun syslem
explicitly defined in muli-layers o support  the
pamicular activities. Again, activity classification is a
tumiamental step to detect the abnormal event that
may happen in daily life of eldetly people,

2, Related Works

In this research we shady two groups of rescarch
wirhs that are closely related o our wark: activity
classification using mulli-sensor, and vision-based
action recognition. Tn agtivity ¢lassification  many
methads were proposed, C.F. Crispim - Junior [1]
inteaduced a hierarchical modekbazed framework for
activity classification. It used multi-sensors including
by semsor for person wlentification, camera for
localzation and action amalyss. The data from
sengors are independently processed. 1s relationship
are modeled for event detection. H. Medjehed [2]
proposed the system including three subsystems wath
different sensors. Fiest swbsvstem used physology
sensor for detecting movement and monitoring lseart
rate, second subsystem used microphones sensor and
third subsystem with infrored sensor 15 for action
classification. Then, fuzey logie was applied for
abnommal activity  classification. T, Baneerjee [3)
proposed o fuzzy legic fromework for activity
TEcoEniiion composing of 37 mules. The five
calegories of data for recognition are oblained from
mlli-sengors, such as actions, lecations, objects,
sensers and times of day. 5 Chernbumrung [4
proposed system for assisting elderdy people Tiving
alone at home vsing three sensors: aceelerometer,
lemperature zensor and altimeter. The neural network
and SVM  techmiques were applied  for  activity
classification,

However vsing many devices mounted on body
for living insides the house may not Be comfortable
for dmily life. Using only cameras as external
vheerver might be o constrisctive way, In our work
we will proposed an activity recognition technique
that depends on actions recognized from cameras. 5.
Seawpokorn [5] proposed buman action recognition
technigue by using color and depth images from op
view. The method tracked bumsan by motion
detection using background subraction technigue. [is
teatures as pattern of angles from UV and color
dispanity  are  wsed  for action  modeling  amd
recogiized by neural network. P Chawalitzitikul [6]
intraduced a method for action recognition from side




view, The 2300 human  model  represented by
parameters wre established for action classification
wsing newral nerwork and SWVH, Wo will we ths
methad as cur first step of activity recognition method

3. Proposed Method

In this section we introduce owr method for
activity  classification by using action and object
informanaen. It consists of two mam parts, The first
part is about human action recogrition where the four
hasie actions are recognized. such as standing and
walking. sitting, laving and bending. The second part
concems an aclivity recognition wsing ruled-hased
decigion technigue.

3.0 Action Recognitinn

In this part we use the action fecognition
technique proposed by P. Chawalitsitikul [6]. Figure
| shows overview of this method, Firstly the GhM
based background subtraction technique s applied
for motion detection of appearing people in the scene
using the color and depth images from side view, The
three dimensional homan medeling s established
from body parts incliding hesd, body and legs. The
fealures as pattern of 30 vectors are extracied for
action recognition, such as vectors from the center of
body 1o the heosd ond 1o beth legs. These vectors ane
updated and tracked contimeeely wsing properiies of
appearance colors and horman strecture. Then the
supervised  leaming of these Feafures via newral
nebwork  and  SVM oare  established  for  action
recognition, The method can perform the four basic
actions, c.g. walking or standing, sitting, bending and
laywing. uf up to 95 8% of accuracy. Additionally, the
laying action obiam a great accurasy at 100%.

AT Activity Recoznithen

In this section we explain how 1o define the mled-
bascd echnigue for recognizing the 12 activities i 4
rooma including living room {walking, laying on
spfn, sifting on sofa), kitchen (walking, cooking,
wsing refrigerator), working room (walking, working,
wxing computer), bedroom (walking, sleeping, sitting
on bed), The simple concept of the classification of
these  activities 15 to defermine  the  imleraction
between acting persom and the objects surrounding
theme Firstly we obtain the basic actions, e.g, walking
and standing, sitting. bending and  laving, of the
acting person from the last section, Secondly, we
determine the distances between the person and
objects in three dimension. In this step the positions
of olyjects in very rooms are manually defined, such
as, tahle, chair, bed, sofo, computer and retrigerator.
The position of an object 15 represented by o
deformable rectangle consisting of five 3D points
including center and its four corner points. Then, the
edges of object could be determined trom its corners
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as shown n the Figore 2ik). Finally, when the
distances are determined the pre-defined rules based
it nezighbprleod criteria via distance will be applied
for activity recognition.
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Figure 1. Action Recognition

320 Distance Measurement

We consider two tvpes of the thres dimensicnal
distance measurements to make swre the possible
neighborhood  enteria, The first  distances  are
caleulated between the center of mass of acting
person and the center points of all ehjscis, shown in
Frgure 2 ic). The distance con be expressed s the
following equation,

d = {r, ~2F & (y, - . + (2, - 5,F QL

The second distances ane computed between the
center of mass of acting person and the four edges of
very objects, shown in Figure 2 {d). The distance is
defined by the equation as follow,

% [(xy = xy dufxy = xp))"

d4r
lxz =z ? (23

Using the pre-defined objects and  distance
measurement, the fgure I shows an example of
working person in a working room where (a) is color
image, (bl is depth image with pre-defined objects,
{ch shows the type one of distances between person
and objects and (d) depicts the type two of distances
between person and the edges of ohjects.



(b1 Depth image

[c] Distonce befween (]

IDstance bilwem
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1.3.2 Ruedl-hased Decizion Sysiem

In the st section we explon how 19 caleulate
Continuously, here we will wse those
distances for recognizing activitics. Afier obtaining
the distances, the nearest object between the acting
persan and  those objects an the room will he
determined from s shortest distance. Firstly, the
same actions of acting person st be obaerved
continugusly over time for a certamn frames, from the
experimental at least five frames needed. This lets the
syatenmn deals with the emwer during the action
recogniiion step. Secondly, when the action is in a
resdy stofns the acling person will be ruled mmte o

distances

nCaresl i'.i:ll'-i'.}' via nearesl distance |.'-.||:|||1i|'i'.|}' 4]
abjects in the roam.

preraim and poinls

person and cdges
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Tahle 1. Rule-based octivities classitication
Table 1 shows the pre-deflined decision mules ol ol 4 basie actions (standing and walking, siling.

our pecognilion system. The inpuls of system consist

laying and Bending), 4 types of rooms (living poom.



working room, kitchen, bedroom), and 6 tvpes of
ohjects {table, char, bed, sofa, compater, refrigerator],
The outputs of systen are 12 activities as described
above. This rules-based decision system are designed
in malti-layer composing of 3 layers. The first laver
of rules try 1o separte the action of walking/standing
from the actions of bending sitting and laving. This
allows the system to identify the dynamic activities
from quasi static activities, The second layer of rules
i3 fo mdivadually consider the condition of each
action. Al this stage the activities corresponding 1o
ench action are well identified and grouped. The Last
lzver of miles concems the deternunation of the
apecific achivity conditioning by the Dypes of rooms
and objects. The acting person will be considered
aceording with the neighborhoad objects locating in
the specific ropm. The concept of this rule-based
decigion system can be extemnded dynamically, as the
increasing of the types of rooms and objects, and
independently applicable 1o the different sizes and
pesiions of ohjects in the rooms, However i gur
wisth wiz Acope the eriteria as meitionsd above that at
least able 1o evaluate the accuracy of system.

4. Experiments

In our experiment we tested the svstem on
personal computer CPLU latel Core 0% 4590 a1
330G Hz, The work is developed using OpenCy
library for basie functions of computer visien and
CLMLUT hbrary for acquiring the color and depth
images from Kinecl camera, The system @ performed
in reak-time.

We use n detaset which s established in our
laboraiery concerming the four pre-defined spaces s
four types of ropms and six types of objects. Each
activity includes five acting persons or five clips per
activity. Im summary S0 frames per activity or 7,204
frmmes of 12 schivities

Table I slwows the results from our experiments.
We can notice thar in living room the activities ares
recopnized more accurate than in other rooms at
GRO04%, while anly TLETY mn working room, We
later wnderatood that when the number of objects
increases in ihe scene the emor will also increases.
which i the case of working room, If we focus on
activities, we fouwmld that the activities based on Laying
action are more accurate than others up 1o 100%% at
some cases. Unsurprisingly, this might depends on its
quasi static behovior, Conversely, the sccuricies are
lowoest  for  activities  of  wsing  computer  and
reffigerator at G5 38% and 52.63% respectively.
After an inspection on our fechnigues this may be
enused by the lack of precision of the dislance
measurement in three dimengional space between the
dymarmic actiong and the pre-defined objects. A
methad for calibrating the depth value with respected
1o [X.¥) space 15 necessary 1o correct the problem,
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Activities Accraeles

Ramims %
Wilkiig TEN T
LiviE foam Laying on saxla T
N Sirting e sofa T
AVEraps b e
Walking T
b Lizing refngerator FER]
Hischen 1'uukiE.E G387
Avernge 7.1
Walking 7300
f Working 72,11
Working o7y oo
Average T0ET
Walking T
ﬂl\.“tm 1 00,063
Fledrosen Sitting oo ksl G190
Aviraps T 1%
003

Tahde 2. Accuracies of par methds,

5. Conclusion

In this paper we presented a mle-baged activity
classification technigque using information of actions.
ohjects and rooms, A decision system s imroduced
a5 three layers of rules, The proposed comncept can be
extended dvnamically for the increasing number of
rooms and objects while s locations can be freely
pesiioned. The experiments shown that our method
can better perform for the activities which are hased
on static actions, such as laying and sitting.
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