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Abstraci- Hasigl an feseaich s e Year DOL3,  enditlal
Elrinvinger (lvrupancy Yhmitoring Using Heasehodd - Electricity
Meters stmbed fhar digital posver meter subtable for use as @ sencor
T oesipaney deleclion average aceuracy of Your debeciiaon can
regch B Bessles dbse estimadsl] occspamcy with Fofure elecine
current sensors cun Wdentify  cleciricty  consmmpton  usage
patteins fn esfimate ffure electricily cemsomplon (Silva, 20015
anil @ moked ol o daily rowtine for eoergy elficiency (Ahrew, 01T
Huamg in 2006 stafed that dhe carrent oo pancy detectian system
bas several dranbacks, menely: (1) Cost ol fnijdenecniabon is
quite expensgve (X wser privacy, (31 Acoaracy of detection, amd (4)
Imfrasiveness. s o resalt, it s Feasible o shidy on ofher potentinl
approaches v adilvess e deliciencies in e sysiem amil the
weoupamey estimarion can slse estimate the moded's daiby routine
t b o peason For the pedicy-mokiog suthorities for encergy
elTicivmy. T dlvis spudy, e aigthors snalke the 35 elvm sstimates thy
consumption  behavior of dhe housebold electric bomls with
musimns  hypothesls  Boyes  meethods appropel  prolahiline
(HNAFY  and  derisiom e algerithm, wsing ardmins
mibcrnooatroller hardware snd ethernet shicld, with the value of
itse Positive Prodictye Y alue (P} reached 54.5%.

| IsTROGECTION

In the lnst [ve years thore are several techmgques of detection
and estimntion of cooupaney in the lilemmre siated the hasico
bz ud'ﬂ pmdin:led AECUpanDy OF esbinsles ore o install o
activale sensors such as sensoes CO2 coneeiimabion, canisrms.
mulion senserd, lightl sensers, wmpaaiune CRENE, oaslic
sensors, humidaty sensors, o possive mimeed ssasor (PIR )L and
RFITY do coflect o variety of infommation. Llse of infermation
accupancy in A building lesds s behavior and energy efficient
operation ol e HYAC (Hestmg, ventilobng, snd  aw
s iomany s as o wdece the operating sosts of the bualding
and mms 1o achieve smart bathbing sustumoble (Sun. 20015
(Huamg, 20013 (E5, 2012 3 (Yang. 20002) (Wang, 200473
{ Mlasnadifar 2045

Thee debsction sveium boustng that exist tsday lave seme
drawhncks, nccordmg o Yang (20121 and Hunng (2HS ) nmomg
others, (11 Cest of i|'|1|'.ﬂ|.'m|.'nln|:im1 i1 gmite cxpensive, for
cuample vamg the new infrastmicture anad  requares ihe
mstadlation of deviees and apphications that too mach, (2 5 use

provacy, (3 Accurscy ol detection, (4} ocoupanis feeling
disturhied becwmuse it was supervised by ke sensors
litnasivemess ). As & resali, it 15 fensble g0 shadv oo other
prbentinl approaches to address the deficieneles in the systemn
aned the sstmuted ooeupmey dekioks.

Rased oo research by Eleiminger in 2005 tibed Househald
Ccapancy Mositoring Using Elestniciy Meters stated tha
dhpital povwes meser auitahle for ose as am elécdne cammeit saso
for occupuncy deteclion aversge sceuracy ol vour deleclion
cioald reach ®02% by nddimg a PIR sensor. In addibon b
electnical land ocen iy detection e identify fubare electricity
copEmplion usage pattemns o eshimsde fwlire  elesdnaty
|.'|.'v|:|=iair|:||‘.l1i-:l|| {Salva, 200 1) and a model ol & 1JH.I.|:'.' ol for
energy efficeency (Abreu, 22

From ke results of e exposare annlvsis ond theoretical
rmilnticas over which states fhat househald merpaka wse
soctor eloctric oy highs  and hegh electne  power
comsamption by Bowsecbolds due o the behaviar patbems of the
use of electruic loods ond the Bousebold seetor have not heen
there s syatem thel con estimaobe the behovior residents with
dedection secormey, ophiaal cost and sature intnsveness which
ta a problem of the syabam estomated oecupancy, 50 the autlwor
uzes sensors lectne curmen L becanso lise stnsors have i aost
eifective 1n bmlding the svstem, sy instollnbon, ond can
protect the privecy of the bowsshold, for the detechion necuracy
Biayes methods chosen Becaises it can cabeulate the pirobabality
ol oovumencs of mm oovent based on the sheavaten thal the
consammpdion of clectmeity boad evenis, while the deciseon tree
chozen For the system has been defmed over 1he wisde spoce
medels aied pormmeler i|l-|l|.|'| Iunrnirlﬂ_ af all frmiming dain

Hecai s of 1 lack of systeens or smarl melers o oschaeld
to know the electromc equpment beang wsed, activity, mmed
behivicr pattems of it inhabitants =0 dhad it can be nsed o
estimade the mecdel™s dadlv routing 10 he one reasen for ibe
decipane making authonities for emergy efficigney, w0 that the
atthenrs deasw the congduaion that the noed for syl dslnmilion
hasehald oomupant hehnvior o electrical Toad by stmply asmg




the clecimc current sensor bos o delechion nccurecy, able o
maaninis wser privacy ond imtmasiveness of the user is not
brostliesesd by thee presencs: of sensoss

1., Edhjeehives
Udhjectives i this research are ©

I The evetenn eonsists of oeds that writing i@ desigiied a5 a
sifstiwie for snsarl mclers

2. Estimade by sumply un'ng CLIrTEnt SEnsHs.

5 The dats was collected for 3 weeks, md the data Emoom
slecinc consumplion pattems oocupants of the hoase.

4, The method of estimotion by the suthor using statistenl
quamtitaiive probabilisis namely wath Baves mothed and
decision bree alzonithm.

5 The methad of Bayved Hypothems Appeopn Masmum
Probability (HMAT) was npsed o estimabs the achive
eqquipment that is being wsed

6, Be abls o estumate the hebaveor amd il sctivities being
carricd oul accupant home, with The resubls estimnled in the
T of recess pcbivities, enberininmentor nelivity homework

L HEVIEW OF RELATED LITEEATURL

A, Currend transfonmiers

Curresil transformsers (C7Ts) 15 8 scnsor [iw debscling an
altemntang current {ACY Wil ratngs up o HOA and accamey
of g W ShmA, thas sesor s vsed o read the currend om the
busldimg or Fsme. This splil bype cones 05 easy 10 use becaase 1§
dises nat need o disconmect and reconmect lbe easliog
matalladion Just e mnd fugk the cobde ot this sensor devies
(Current trmalonmers YHIT~SE!'4I§LLJ3I:3. Sheet)

Pegurg 3 12 Split Cors Carmn T slomm o 52 T-019

Thas can he necomplished by the follywing senes thisl congisis
of bwi imain parta

1. Samson anal bosd nesston

2. Thes basmyg vidlage dovider (R & B23

Figore 2, I3 Cirgms YD SCTAT -0

B. Ethemel Shield
Fihemet shield Aorduwimo module serves o copmect o dhe
Intemet network. Wignet sheeld embedded Eibemet WSO

cthermnet chip. Wemet W00 ethemet provides network that
con necess the network esther TP aw LIDP, The use of this
shichd weilize Elbemet Etlemet lthrarv o winite b ende bo
vt b the Intemet network

Figeee I 14 Ebernct sheeld

C, Boves Method

Bavesm probability oy is 0 brasel of mathematical
slabistics theory that allows as W creals 8 msdel of the
umcertamty of am even! ooourmng by combmimg & general
kmowledge of the fact of ohservaion. In necordnnce with the
thahi!litg.-'._ il one losks at the mcwdesce of B ond have faiik
that there ig o posability B oall appear, then ibe probabilay of
B s called the pror probabalany. Once thene 15 any sdditional
information that the eveni A has emerged, for exnmple, nay be
n change 1o the orginal estmnte of the probnbalite B s Bppear
The prohokality for B now iz ike vesult of ihe conditional
prabsbility of A sad e called the postenon probabiling, Bayes!
Theonam 15 a mechanesm 1o update the probability of (b pro
imle posilenor probabilines. The core of the melbodobozy 15 the
Bmyves, Paves leoremse for evemts A ond B, the conditional
r.\mhahi!itg'nd'.-"; il B occurs, ar can be wiriten as folloes

T ety

AN =

Hypithesis Appropra Maximmm Frobability (HMAF) 15 0
isidel amplification of Bayes method called Maive Bayves,
HMAP 15 the one used m the macine laming 35 a maibed o
el a h}.‘pﬂhﬁi:—; for & decision, HMAP stuled hvpotheses are
based va o probability valus based on the condiaes of proc
[imitiad anformnbos s Enown. In dee present study the anthors
use Hayes methiod with the mles for duad evidence E1L EZ,
Em and double hapolbiess H1, H2, . Ho.

p(HIEE;. .. Eg) = ME1 Ez ... B [H) X piJH)
H.. PEEr . e EmiHy) 5 piH)

Tao lpplj.' the |.~|:|1|n|:i|:|1 nhove, ot muest be kmown & the
gopliticnal  probshility of all pessible  combanations  of
evidence-evadence for the enbire hypothesis, In prachcal terms,
this is nol possible Therelore, the above equation, reploced by
viganlity

[3. Decision frees

A dleasaon fowe 1sa livranchical dala structone thal implements
{davide amd conguer stmbegy) stradegy of divide and conguer.
This i an efficient poparamernie methods, which s be el
for bl clasalicanon ansd segression asd how a leammsg
olgorithm that builds a decizion tree from the :Iruiltipg_ samipde
it can b eomverted inio a set of smple mles that are sasy o
unidersiand




Figioe 2. 18 Examglis ol dhitase1s mid Th ooiees poishing deviio Lee.
I EESEARCH ME T U DY
Mithods are ussd m s ressrch are as [ollow:

A, Liderniure Beviews

A this step. Diseraluns review 15 done by sollecting all books
and ariveles that ane relevan tr ihas rescarch, Several iexibooks
are wsed m Ehis rescarch v exnmple books thal comtain theory
ahiwat LIM1., Embedded System, Electronics Cirourds, asmd
Diatabaee Syvateen. Armicles tha bas simalanby with thas research
als s collected, somse arscle found s Joumal and son artiches
lound in proceeding of mizmationnl coaference.

[} Ovservabioss aed Cheestionnaine

i this stucly, the cheasrvation site selection i dese by a jon-
prohabality sampling at the hewse of the wabe H. Afadi 10 RT
0d ¢ RW 001 Ex Earsdennn, cistnct Cihilp:rn-g_ Enh F!-ngru'
Andd pinpbsinentatton bnss m Jonmary 2007 The sctivites ae
recartmz the elecinzgal oarrent asaze dola and records every
acdivity that mvelves the use ol ectronic squipiment in e
home we determine b dectneal curmmit censimption peilems
townrdactivities alertaken, then as a reference for the syaten
determunes the aceniaey of ihese ssnmnbes

Mt this stape also obinined a |39 of elecincal spplances ond a
lnrge imflax of the ecaipenent, mmving and barge sdle carments
that flow when thers 1 o clesineal squipmant that 13 being
actively used ns well as the smple moving avermge checinoity’
i the house And alse make same questioniaing o know
relalivn blwen Bebayin against clocindty devices

W, AMMALYEIS, DESIGH SYSTERL IMIMLEMENTATION AN
TESTING SYETEM

This chapier will discwss in detail and detail aboui ilie
applications ansd 5§88 that wqll be implemenied by applyving
resenrch metheds have besn described in the presaoss
shapter, In ihe previcss chnpier has discussed that the system
developmen! method ased by the aothor as o development
rneiIL-.'rﬁ.'llnm,' profotyping svatens. There ore 5 sliges sl are
sl mothe nethod of prodotyping {Roger 5. Pressman 200405,
manzely: 1) Phose commuanicabions, 27 Begoiroments (othenng
Phase, 31 Sage Bulding Systems, 45 Pliass Encnling Systemn,
51 Svatem Testmg Phase.

4.1 Sgpe

The first thing shosldd be done in detenmining the all elemenis
pieded by the system s delime e scope. Tha ssope thal il
researcler doon thas nesearch as m simple bowse. Tl neeare her
peed b monitar all the electricily power from the clecine
compary. This elecinoity moaitoning syelem ase sensor that
captared data amd send the data te g server aulonsteeslly sl

pemsdically updaled cach 3 secomd. The monstoring syslem
shouald be real-time and steed do the server, Afterwonds the
avetend ablbe 1o show and viewalize the graph of power weed
remely, Jocally snd the setive electrical equapmest and
pstimate coeupmt behavaor,

Mloreover, the suthors desenbe whal my activitios which may
lake FI|I:I|:|L at the homsing amd lest ofl the electrnic teols that
sy b sl aind eorelated wath the activities o/be abbe o infe
th behavior ol readats. Observations carned ool Tor 3 wecks
startmg from the date of 23 Jonuasy e 10 Feboaary 2007 by
recording chaages m the elegincal current every 30 secoads
e, n.ib.:n:qaunlju‘lhu:ln-; also monitar every sctivity camned ot
tesadenis i aceordanes witl the greater vee of elecine cament
teceadhad with the aim ol sreatmg & ground fruth and accupaney
tramsibis 10 be used o5 2 lesiing parameders lnger.

42 Provposed Thesign Sustem

I b present anidy the muthore draw the hypothesis ilat the
bethasas ol réstlents can be known threagh the comsmption of
tlectnoal energy by measurng electncal currend load and the
timse of wse, From some ather literry authars also conclude
methods @il ufgnlmu urq1rrqrriu.1-|: for dhas setilement that is
naipg the metheds of machme lsmimg - mpervsessl with
Biiycs® ruls and decision mee algonthmms (Decisuwn reey
Hizre 15 the propaosed system 15 that the meibors do.

o 3
;"'$ T o
- =

Fuamred | Anuhais d'lhﬂ’nqmﬂ] Sdslem

Im Figure 4.1 descrbes (be system power moniionng sysiem
hasied oo the O The swstem will manitor the boad cwrrent of
electricaty by using SCT 013, benceforth serve as tminiag datn
tor b s en mschime leamang wilk the tlsorem Hasves is wsald
toraletermmng b wlectionie dovics is bong activily used and the
tecasion iree ke dotermaine the bebaoor s happening a1 thal bme
im necordanos with the traming dain sel

The fodlorwang explonation of the lmetiona of the proposed
EVEAEIH COm pomeii=
ELASCT 3 PLN curreat sqmsor of the cable measared: and
gitred by wsing Ardoma,

2 Ethenrt shield is nsed as o sl of Ardumo connections and
dadabase servers For data delivery,

3 The o ts used as a dota processing mnit md 2 digiial o
anading comverier and sands the data as sonal data

4 kahase servers thot send dola 16 the weh

iFor the mext writing program code mengganakns PHP
programming bngoage.

& Dhsplay Data visualization vsing realtime graph.




T sers can muonilor consamphan of electne currend load asd
the hebavior of the housing -

Froan the datn pazaed to the datshase serves and the databass
serves will be pushed o 1be web server. By uaing o wels hrowser
i e user dala can be visunbized inonead dme.

4.3 Anabyvsis of Mesds

Thia step nims o defime what the aystem should do o aeliseve
the goals of the svsem. i thes case o design the system
estiminles the bohavior of residenis ngamst electrical load by
the mathod of Bayes and decision tree nlzonthm b residenis
ws br g informadion cn how towse seisors elecing current con
bie naed a2 8 detecnon aml estmation of b schvity and
bilavicor of veonpmmiz of the house accurately and how i
npablem the behovaor of residenis can b nsed os a rederenoe 1o
estimabe the possibility of angoing activity
4.3, 1 Funatismnl Requircments

Bruald Bousng belivior estamntion gydlem te the electmenl
wmergy cmsiamption based on measuncmen of elecinesl curment
Jpacl and the fime sl use most have the following lunchoanl
requirsinenis

| Hctng nbde e man ikw and capture the Ao af the house.
2Dt stored o the databose moreal fons,
AN sualizaem of consumpiics data wiilh the clesimeal load
4 Ahle 10 provide inbormation aboud electnaty coasmmption
patems i time series and berknlanjotan
5.ahke o prmi;.‘ue informnticm regonding the use ol electraic
tols that are aetive ot that lome
. Heeng able 1o provide mn estontate of thee behayior of esidan s

4.3.2 Mom-Functional Requirements
a1 Aualyvees Hardware Requareisenis
I Arduano Do A b brain of the system that can prosess
alata e perlomm the enline process oo U dyslem
2, Ethemat Shiedd Cooanecimng to the network
E Flow Sensar SCT 013 1000 Far o carrend sensor
4. Ethernet Cable © LAN Cable  Allows Arduinelino o be
conesned o ke PO amd he Infeme,
A Pawer Source UISE 3V 24 Give oo tis the Ardaine
Lloaw

L e - =
§ o m * e vimmeek] | | g e —
—m_mn il " i v AT LERERD
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[
e = Ou . ereda
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Figared. 1 [bewpn deisdre comainm swstem of ihe bonschaid bekarier

The following explanatone use the taldes i the databae
sysbom esiimntes the behovice ol cccmpants of the hoese o
clectrical losl with Bayes method sl domen tres algorithing,
44 Sysbem [naplememtaton Fhase

M this stage, the aathor divides into three stages: 1
Programming  Tool, 23 Progsamming Probabality Bayes, 33
Programmung Diecision Tree.

441 Frogmmming Tool
Cosstnietion hardwarne used = 8= follows

Figare . D Closi st ottan Haidw g

AL 4.5 image dats oblamed (rsn the decine sasors will be
tramsinbed by the microconiroller, and sach dola will he sa win
Erlwriet Shiedd mass wirehess locad network sompection to thy
server lo he stored in the datsbase and will be displayed afier
the process as mformntcs on the web page. Tl system wess
cumrenl catnmates of thes behovior tbsat i3 SCT-003 samsor [HRA-
S0 o S0meA neensurement of ke mtio=100A, 6 abdnin
segusite resilis regainsd calibeation weasarementa. The sensors
nre colibrated 1o meagare up b M AT WA s the WS volue
oof e maminmm ourrent

442 PFropumming Boyves

Esimates and predictions are used o estimate the sane wall
o through stabe bosting m the past In ths sbady (be etimates
anel the probehilite is mised o minimize the influence of the
upcertanity of a problem, Estunabes e predicticis usabality
seen al the ime of decision making. Crood decision s n decison
Pased on eomuideratins - consadenations that wall oceur st the
tut this desisiom wis emplementod.

LY, Eojs Gk et e p S 000 e LS
S PINETC N T e LT N

# LM | E} = prohabiliy hiposesis Hi correctly when gives
evadence E

s p(E | Hid = probability of evadence E. il kaewn Bypotlesis
Fi correctly

» p{Hr) = probahility of hypothesis i (nccording b previous
resalia) witheal regand o any evidenss

o i = pumber of posaible hypotbeses,

The ceamditioms at thas greal ressarch voloe stored on the
thuhi!it:r' sl the hypothesis already Enown, namely the
ansoant o curngl b be eslomated, whoreas the probabilines that
shapo 15 not yel known, Therefore: the suthors reverse the
e ot this Banves mathod toderve gieat vabue that is stened
om a probability valus | valis ol whar hoppened, which =
cosstituent puarl o tha gres value stared on the probehiliy of
the hvpothess. ln the estimadion prossss, ke wivter davides imta
wx hme sones, follovang the divisson of bme zones.
Dhistributicn |1 tinse 2ones:

[ Bhehl 10400 pam, ae 300 1:53 A
2 Eurly marmig 3:00 10 0700 [ 62 A
A Mg To00 4o L1000 1224 A
i Powms BLOE 1o ES:00k 1245
3 Afber noos 15:40H g0 15900 1:37 A
6 Evenmg 19000 o 23000 300 4

Here are the sesuls ol calealation of the prodbalbiling that aress
fromn the observation dats m accondanses with a preditammed
FIEE,
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443 Programming Decision Tres

In the process of wsmg the aulbor choss decision s
dlgorithm €45 decasrion troe algonthm which is W perform a
clasaifieation or segmentation or clastering and predacnve
Basie algomtim C4.5 15 the formation of a decson ines
{decision trezy, with the bramches of the deciston fres is a
clugaifteation geestion amd the leaves e clasrs o the
segmenis. 4 5 algorthm 15 a mochme leaming algorithm
With this algorithmn, mackise {compuier) will be given a bunch
af data o sbady the so-called leaming dotaset. Tlen the resalis
af the study will then be used 1o prcess the daln which s called
a et deatast, Breganse G443 algonthms nsed bo clasaly, so fhe
neulis ol the test datasel pma‘iu.g m the lonm of grouping
duin into it clesses. In the C4.5 algorithm b constroct &
decisian b st i Wedo as salect the annbules & ool Thin
created o hmuch for coch value m the roct. The mexl step is 1o
divicle this ease inde the branckes. Then pepest the process for
wach bramel usnl all cases the branches have the same Gas
Bedeav b5 a decision free periln ke nesidents based oo the
sxjiipmenl hal i lmmg achively used by e gone
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Figune 4. 35 mme ool s F

Samaply fon any #ctove eoquipae ] ane eoquepenen ) Waler Pumps,
I, Dhspenser, Race Cooker, Ohvem, Woshmg Blnckine.
Laptops sd Pranters wall G mie the eategery of hehavional
henmework, md for any active sguipanent 12 TV nght mto the
behovaor of enferaanment, wheneas of only  the active
refrigerator i wsed and if there are e active chat ool used thes
cnter midr the calegory of behovior break.

4.5 Phase Testmg Svstan

4.5, 1 Indlependent Tﬂliu.g_l:ﬂ.luck [Eiw Testing)

At this tieme abmes ad sesting determmes the luncticmaling of the
svsiem, Tess Seli:

I Bend deta frons the mierocontrolber. Figure 4.5 CF

2. Dnsplays i last 10 sensors recording.. Figare 4. 18 QR

1 Estpmaied weipht ol Bayves comesponding sensor sones
insnlled and conpected Showing weights Baves database in
acsordance se, Frgwre 4.37

4. Thisplays estimadian neiive equipment consented time sensar
itsnkiied amd compeched datshase Dhsplave a lisl ol active
egaipnaenl. Figaere 438 OF

3. Fsesehlder behovior estimating svstem in real time sensor
i ied and comnected database Bobavior nesidenis ane. Best
Enlerininment | Homework. Figure 4 39 0K

6 Lowrciinge a1 the chart (he use of glesine cunrents on that poent,
Uiraph that appears is the result of reconding start 00 ] houars:

Figu'red S CHE

Bilo 15 a0 puetare of the svstiom’s functiomality test resahs:
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Frgeow 4 5% Extnpio lisi of achive mnlrlrm.nl sl bghanion

'y 8w

Frgdiiv 4. 40 Chingah peai s simmini g S (H0 ] Baomid iegind beg

V. RESEFLT
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