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ﬂ Abatraot s e Al of fowcebaind farerrs of Things (e T)
applicativrs anek af  hoae apdasation  aed rawitonmg of
covuparly hebovioe,  mfbor focaliow  inforration Secomen &
mecesity,.  Provous recarch hiflfeer able f extimate indoor
it g the fageapriting method I thid faper, proposed &
metlend flat by whie Fo emtinmade phe fodor pasiionm of Bree sucu oty
o el fowse 8 cosnbimimg fTagerpeiniiog teclimigves aith oke Sowe
eevifandy gefaly patters mamg A-Yoars? Negkbons afporifioe
with Buclidesn Distrace From the ecpenimeniad remlts, thiv paper
el Fesrelts Shar the mietkod o the propased abfe o stimate winh
dcraFag i.g" dpr ho BTA fer dcawniFdiy Befvric 1 mrafcrs ik ativ
average e of .87 metves

Koyword—Indoor  Poifrosieg  Spafeii,  K-Newrsd  Vaapliboie,

. Isormoiss vice

Loszation s ome of the imporiant isfoematien in geting &
vanely of conlexb-aware seraces. With m hiome based
applications of Intemet of Things. (oT) such as home
autmation and bebavioral moniioring of occapanis, ndooe
lecotion miomaphon becomes o necessity [4). The current
poprdnr  locatin deteemmation  method 15 the  Global
Passtaoanmg Svatem (GFS) bat GPS 5 wol able e work well m
an imdeor envinonment 23] GEFS o signols are blocked by
billig comstraetion and do na wark well o get leeations i
space [22].

ledoor position c1,1i1'|1.ﬂ:r|1 methieds cam be done in varcas
WaYS, such as Ltsi:ng WiFi, Bhictooli, Ulwa-Wids Band
(AW B amd BRFID. Wil s one pretty good approach. Can be
quite goosd begause Wik technology has besn implemesied wi
many buildmpes even in smariphoses have embedded WiFi
techoology Im onddition Wil5i has & wider u[l;n.ll coverngs
campared o Busteoth and BFILY [4).
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WELANs con b2 wsad 1o defermineg a person's position in
rooen by ulleaing the valoe o Beeeived Signal Stroavgth
Indscalain -:Iﬂﬁf'l al’ multiple sccess poinls and with ceram
algoriilims sueh ae Bupport Vector  Machines, Meomal
Motworks. Woghted K Mesest Meighbors. o Bavesm
upr.wmull. Copdacted o fesming of the swstem ab oa
predsterimined location pont te obtain leormmg data o be uaed
im the mexl process [ 1]

Machine lesming denls with how o baild ConTh L b
Prosgrnms ihal .'.HJH.HDIJL'IHII”}"I_HC[ bstier ik CRpLrATc
nj e .III-!mElL im machime ]uurning_ 15 elassification
Clossifiention is 8 job of valemg data clygects we inclode them
m a particlar class of nvailable classes. In the clasafication
there are two main work done, namely (1) the development of
i mesdel as a protalype te be stonsd os memery md (20 the
use of the model b perform the introdftion  dossification |
prediction on anather daln ohjest to be knowm in the class
whers the data object 15 10 the model which he has savnal [12).

Fazed an the way of troining, the clessifcatios ||r|5|nri1hu15
enn be devided imte two tvpes cager leamer and by leame
The algonthms included i\ the loey leamer category do litle
training [or none at all), only sAVING [art 4 all af the imiring
data. then wang thiem in the ediction process. This resalicd
im nlong Fn,-...hn:lirq process heenuse the medel Bod e re-rend
all the trainng duta in onder e give the correet das label
patpul o tbe lest doin provided. The sdvantnges of swch
ulﬂnri:hms nre  the  mak=poced  training process The
elassificatifffilavrithime that fail into this category, ammg
them. nmre K-Rearpsd Meiohbor (K-NMNL Fuesy K-MNearoit
Meaghbhors (FE-N#Y, Linesr Regresson, and sooon [ 12]

A common mathod usal by caloalsimg shaor-range or
matchimg of data 1o be performed with existing |E'I.I'E|th datn
[41122) [23] Bat from the closst distaiee 2 el oflen Tonad
the daln made the resalts wall be o wrong draw. In delemaining
the posincs of the cceupamts of the s, ose of the
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mclicators asseciated with the position is the activity of ihe
ceggpante of the hevse, Activaties of scaapants can eanily e
Enown bocaass home ativities belong e o cerlam pattem. Foa
|.~:-.'.|n1.|:£|=. every moming evervane fikes o get wp gl hnushy
thear beeth oo brcaklast [24). The way e occiepats can bo
used as ene of the parometers m determining the pasiion of
the ooonpants of 0 hotse ot & cerain time, This pattam of
aetiity will b wsed a5 o comparison o that he resulis of the
WiFu form peodoce mone pccurade dola

1l FEEATED WORKS

Previous ressarch 4] has proposed an AP-Centered [ndioor
Positioning  System  compored 1o Mobale HH  hosed
Fmgerprmting techinique used to combing MH-Based wilk
AlP-Centered, that ks during the taming prooess usimg MEL bat
when fhe oafine phase anly wse sniffy progrm n AP, This
becines mee el lbient bocanss wo applcation 1% mstalled m
M doring the online phase This smdv alse r.ﬂ'fhilc..ﬂl i
masimiin crrior distamnee of 4.3 mlers Bul besausae ol a5
cenfered in the Al then have to configure the AT im order 1o
vnatall the sniffly program ensahad, Ao ks estisnation dats i3
nid given 1o the detecled persom

Mext resenrch [11] snalyeed ibhe messared RE55 value on
pwa imvers iy raom dividad mte 21 poil Measicenen] usng
IJ|".|'.n|1 wilk 'Hn:ul.u".'u.':l.w saftware. In ihis .nh.u.!:.'ul.'qn mared ihe
messnrement valees of 4 APs wath people mside, 4 APz
mathout people inade. 2 APs with people insde, ond 2 APs
with ner poople masde. The resalis ol this siedy indicato that
B35 values wall change as smvircementn] condiBons change
The challenge af the system s the comatmaction of haildings,
furmabare, and thi hamm body

Ehber resenrch |22 ook o case stady on noreom at the
imiverily. Usmg  Gngapinimg  techougues,  messarchers
perform dechnigques by sending the RSS valae of the user's
aiidraidl smel procssal on the server. Ressarchers usal & APy
that hadl buen mstnlled at s haght of 1.2 meters Trom i foor
The k-Mearest Mesghbors Algosibm with Eoclidesn Distanes
was used m this stady. The oren s divided o 20 pomis . The
resulis al this slud:..' shiow that i.|11.|11.|:|11.-|:|1:u1m|1 % easy and
mare cosl-elliestive. From expaummial data il 5 knoan that
displocement m the room srea ablects R55 wvalues snd
decrenses - Fosuracy, Acdaracy 08 obfamed 42.5% b 5%
withm 2 meters if there are people im the room. Wihile the
estimentios results ore retrmed fo the wser and di-r.plu:.'ﬁi

Mext ressarch [23] measured BES with smartplone foe 3
dam sets. The first dnta st ns 1rui.q|.ug dain while the second
data a1 i fha tost cdaks with the amaken s plosd and the
thard dain set i5 1est dein with handheld stote. The area is one
flood of the unrversity bualdmg which aa divided meo & dots
This rescarch uses Denaty-Hased Cluslemng Combined
Laenlizadion .I'l.llgrriﬂwn technique in mn.'l;ing limgerpamt, Fligh
crotgh accuracy ol 97 THY o RS B the secondd data sel
mind 7 2E% to 09 85" fawr the dvird datn s=t. This shows dhe
partion of the smartphaone when imeasareiment preatly alfects
the scoarpey of ihe remalts

From scene of these resenrch resalls, it ois Emown  that
poatimimg  estimation  techmolfff s currently  highly
developed, The most effective metbod used m previous
peagarih be b wse ghe finperprnting techaiqus, which takes
some dota fiw reanmg dota snd then colbects the data and s
inatched witl the tnining dala oo get the ealaslation resubt
Fesearch {23] 1= capable of abinimmg high neoumcy but wath
consmderahle :p.u:ing hetween dols hecanse one Noor ol the
untvursiy bailldmg o mly divedald ine ax dots Wiile
research |22] preduces applications thal can delermime tha
prrstion isf ite users with g swatemn that works on the serve
nd use andrrd s 0 sender of RES value The resalt. the
nccuracy has reached 4275% to6hd 3% This isinfluwasced by
the member of poople i the room. Wiale i the stady 4], a
prl:{umed nmau.pplin:ﬂinn method For users using Open WHET
accuss poanl was developad by developmg a aully program to
mceiior Probae E.cl.p.h:t: froem qurh':,r davices The resali, ahle
b predact il posstaon with a maximag error destanes of 4 3
mieters, bul lhe cleulation resulls are nol given b lhe user
directlv

IIE IDENTIFECATION AND POSITION ESTIMATION

A Firgerpriing Teclimigre
The Lingerprinieng tedhnicque m posiliin estimation is

by recarding the R5S sulue of maliple nceess |1ni111:-i at o
peund. There are twa moen phases m fmgerpimting fechngue.
amely aflline phase {amne) and online poatoning plase
The poasilven of the relerence point 15 delermamad by a distnnes
of oo or fwe meters o the offling phase the BES walus s
mensured and stored into the dalahase aleng with reference
pomt mlormation. Then m the positonmg oolme phose, tha
BA5 valee is messared and mm[mr:d 1o fhe B35 valaes
available m the datsbase o fnd the most sotabde data

. K-Nearesi .'l.'-.:'.rg.l'r.’u:-u.rr

The K-MH algormtbm 14 an abgorihm that chissafies b
precienaty of the location (distanee) of & data with other data.
The wlue of K oo K- MM means e aumber of neanst
neighhors used as tesl dats, Cue suilnble dislance eﬂﬂim
methosl used in e K-NH algembn is the cuchidem distinos.
Euclidenn distance i a struight dist=nce hetween twa poinis
comtaimed i the Euchidesn Space, For dastancs betwim puaanis
p and g hsvisg n dimmisions, the distines s esleslated by the
larmula:

n

1R OFHT. AR (g- o) i1}
L Home Docupamts Aoty Daliem
Activities nFn-;uupqu: cnil easily be bnown becowse

bome adivities belong W o cortion patterm. The fact s
wmeons  fewds te do ihe saine activity in e oame
environment. This show relotion befween environment and
activities that o pereom usderfakes i that esvaromment In
eslimnting posifn ol the occupants @ the hoose, the
activilies of the seeupan s cin be used as ane imdicator, From
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a kmowm pattem al |||:Ii1.'ir:',, the patiern will be wsed as &
campanism for the resulis of o WikFi-hased method to produce
e acgisrale data,

IV, EXPRRsUNT AL STUY

A Detersime Beference Polin

I this paper, nkecape software g vsed fon designimg laine
Layoat. The house thal wsed has on area of 1853 m2 with a
bength of 20,12 m and wadil of 6.42 mi. Each reference paind is
bocated 1 m oway, Access poists sre ploced i 3 corners of the
Bz whach wall ba renchable by any relerence point.
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Tramiag data conducted in § days vsing the applsatan with
twn bmes the data colloctsm per day. Dhata s caplared by
capturimg dnta every 5 seconds. Then ff dwin is taken the
averags value After thar dhe data s sent bo the weh server 1o
be stored mic the datnbase, From this training proocis
abbaimed TH data from T2 reference points that have been
prodetermined. Dain s m ihe Bnm of B58 value of 3 acoms
peints ond reference pnirl.rnumhcr
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Hg 2 Toinirg Phasa

L Mowie Cleonpimty Aciivity Paifern Cfss rvarion
Observatoon @8 doiie by pecocding all the nebsaties of
veggpanis while m the bowse, The data roconded 15 when md

whigre (bossd on the relames pomnt) the activity is performl
Ubhservution of cccupant habits cenducbed m 7 dayvs. From the
resubis af this chservation, occupanis activities groeped mio 4
lme groups, moming (000000} noon  (CRAR] - 15:(Hb),
gvening (1R:001900% ond night (19000400 10 get the
pattem i cach tme group, Onee grouped, then colealated
probahiliy value mothe existing tme group md then  slore

then m ik databese for wse m ihe estimatim (rocess;
[
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L Fanaiton Pt

In this papér, eslomabion process s oentralized o server
Input datn wall be compared wath tmanmg dots = then
vempnred with suhpeet’s activity patiens Esbimobion phoss
conducted in 5 doys There are 18874 dota thot successfislly
cxlimated.
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£ Tesing Estameation Rexalt
Estimation result rested with manunl ohaervation to 300 dats
mmples thol rndemiy chosen. Dam samples compared with

nctual mabgect posidemn.
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W Dascussmy

Frow ihe m_.'.l.|.|h nlremdy described enrlier, @ s knowmn that
this methad is shle W0 prove that the pattem of hame
acoupaney activilies i b one omponant isdweator m e
estimation of positicns o the honse which can nof be reached
by Glolanl Positioning Svstemn (GPS) teckmology. The resualt of
eslimations seoumey of the method that the proposed s nlso
fuite g bieconuse it s nbhle 10 estim ote with an BVETHEE error
distamee only 0,82 malers,

h'l'au:l.' things allect the estimation resuli ||::ir|.g; thas medhdad,
aa thie metlesl wses Gogerprintmg technigque which nss
wireless signal from occess pomnl, whore wireless siannl 1s
knoan fo he wvery fluctuating o the condition of the
summoundmg eovanmmeil so that bl there 05 a significant
change of environmental conditon then the estimation resuls
will noet b gored, [m sddition, the patiern of activities of the
aceupants of the honss someimas nol alwass the same, there
pre bimes when ocoupants suddenly perform nctivifies that
have not heen done

VI COMCLLRETY

Based vn the discussaca b has been descrrbed prosvowsly,
can be concluded thal the method that the proposed has heen
able to estiinate the position of the otcapants of the honss
with m avernge enor below | meter. This method was baale
starting  with  training  dota  eollection, activity  patlem
abservatism, and Gnal sstmator, Conbmmg ngerprinimg
mhnilplr.: with hawne nooapant sctivity patlems can improve
e estmation acckaey, The Ningerprintmg technngie wsmg
K-Mearedt Meighbour alzenthm with Euchidean Dhistonce os a
clnssification algarithm
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