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Thesis Title Analysis of Smart Home Energy Demand Using Data Mining

Method
Name - Surname Mr. Tanischet Kumseesuk
Program Electrical Engineering
Thesis Advisor Associate Professor Krischonme Bhumikittipich, Ph.D.
Academic Year 2019
ABSTRACT

This research aimed to analyze the energy consumption of a smart home in
order to develop the energy consumption forecasting models for reducing energy
consumption in the home. In this study, Python software was used as a tool for data
analysis and a home energy management algorithm was designed for demand response
analysis.

The data analysis in this study was performed in accordance with the energy
consumption data of a smart home. In addition, data mining was used to develop the
models for forecasting loads. Autoregressive Integrated Moving Average (ARIMA) model
and Recurrent Neural Network (RNN) model were applied as prediction models in order
to compare and determine the optimum average errors. The electrical loads of the smart
home were determined using the demand response algorithm for reducing energy
consumption of the house.

The data analysis and the prediction of energy consumption of the smart home
were analyzed according to the mentioned models. The prediction of hourly, daily and
weekly energy consumption using the ARIMA model showed the mean square error of
0.160, 0.076, and 0.179, respectively. On the other hand, the RNN model showed a mean
square error of 0.349. This indicated that the ARIMA model provided the optimum
average daily error. According to the simulation using energy management algorithm, the
peak demand decreased from 12.83 kW to 8.31 kW. By using this algorithm, the loads

were turned off according to the specified priorities.

Keywords: smart home, demand response, home energy management system, data
mining
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Fansndanunglutnu lassadissuuuinsianisndsnu wieunuausuugdodldlniiels
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JUN 2.5 MsmeuausinudsanImaliiigiaanisasialsalin

23.1.4 gansasun msevhuensldliludesduls ks
UIMINTInnslaegediuszansnim
2.3.2 Uszlanaedn1snouaussnulvan duiuninsn1inisnovaussaiulvan i
wanggukuy lnsanunsawuslssnnladu 2 Yssinnde
2.3.2.1 Time/Price Based Demand Response Wuniasnisivduldeu
woAnssumsldlni Tnennsdmuadnsvessamar i liuusduluauranardidmue
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2) Real Time Pricing (RTP) 11@5n15Hagfnnuadnsianlndly 1%
Waguludusedalus Tngermasndfeulunusiunu m s
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vosmsimilosteyaitazihunldlsosraminzan dedndngjazdu Al (Artificialintelligence)
wadaldiululand Classification, Rules, Decision Trees %30 NeuralNetworks lusuise
ﬁiﬁ%ﬁ%miawﬂiuL’Jaﬂﬂsﬂ%}mﬂﬁﬂ Autoregressive integrated moving average (ARIMA) Lag
Recurrent Neural Network (RNN) sinldfd1nsuinungdeyanisldndsanulniiagludud

UATLDYARIL

o

2.4.3 N1TUUUINEDY Autoregressive integrated moving average NIDUUUT1809

ARIMA LHunuudtansflasuanudey wazduisnlaaneinsallusyesdunfiieaa1inisadl

'
1 a

ALRAYBIANARIAAGDUNAIARY(Mean Square Error: MSE) ¥84n15ne1nsaifilaazginii

aaa 1

FBauY 1w MIesziunltedsnisuiuissusuudndluuudsauazis anaoaidanm dudu
Snvidlunisdnvhaunts wagmnensaifsdduneuiidudoutoniuuuanniefiegludnums
sruvaum Aty lneiuguudiuuusiass ARIMA Hu3saldemensallussesdumune i
Arsnensaludreninlugranandug LLazéfmﬁﬁdawaaﬁﬁayjaﬁanwaaummumﬁaa@
ARIMA(p,d,q) Usgnousie 3 d1unanlauiuuudiass Auto Regressive (AR(p)) NS¥UIUNTS
Integrated (I(d)) wazuUUSIa8s Moving Average (MA(Q)) Inesnasidunvosusasaauiisail
2.4.3.1 wuud1asd Auto Regressive (AR(p)) Lﬁugmwuﬁuamdwmé’qmm Y,

'
1o =

gAMAUATINAIVOL Y, o0 Y, 939 AFUAATILAATUNT p 1ABNTEUIUNITUIBIZUU AR(p) AD

v o oA

N3LUIUNIITNTOITLUU Auto Regressive MiIguiuT p Faduaglusuaunis AR(p) lanaaunisy

(2.1)
p
X =C+ Y @iX, +et (2.1)
i=1

Tnei

[ A

9 ANFLNANLAATUNDUNTN AR(P)

v v

@, AR BUAUYBY Auto Regressive

Db

X

R

Py

X A9 ANUBIDUNTULIAY t—I

g A8 A1 Eror vadlueg

2.4.3.2 kUUI1809 Moving Average (MA(Q)) L"f]ugﬂLLUUﬁLLamdwmé’qmm Y,

[

Qﬂﬂ?ﬁﬂﬂﬁ]’]ﬂﬁ?ﬂ?’]uﬂa’]ﬂLﬂaﬁm &

e &g WENTEUIUNTUIDTTUU MA(Q) ABNTEUIUNTS

(% IS

¥3838UU MA(Q) ABNTEUIUNTT 58UU Moving Average Nidufu g azdisulugy MA(g) lads
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A5 (2.2)

q
X, =p+&+Y de. (2.2)
i=1

Tne

A !

A9 AIAUAAIALARDUTDY MA(Q)

—

)

~
Av ATAIN

D

MR X

A® Error Term vo9luw9a

'
A a

AD ANBUAUTBIANLRAYAAIALARDY

D

A9 NATIUYBY Error Term t —i

Y]

2433 LUUT1809 Auto Regressive Moving Average (ARMA(p,q) + T u
fl

WUUT189991ULD1NTEUIUNTT Auto regressive ay Moving Average 111452udu 1ay

ATEUIUNITUTOITUU ARMA(p,q) ABNTZUINNTNTOSTUU Auto regressive TITiSURUT p uay
Moving Average 7i%8usiu g %aLsdusJulugiJ (ARMA(p,q)) Fsaainisit (2.3)
Y, =0+@Y,  +dY, o+t By, & O, —..— 08 (2.3)

Tne

[

y,  fe andunaluaunsuia o nat

(2
e

p AD DUAUTBY Auto Regressive

q D JUAUVBY Moving Average

5 Ao mnsd

t Ao 180

¢ A9 WITAMDIUBY Auto Regressive
0 fin W15 HMeSUBY Moving Average

A9 ANAUAANALAADY d 1IAN t

)

2.4.3.4 n5¥UIUNTT Integrated (I(d)) WUNTUIHAAIIYDIOUNTUIATENIN

LYY

Tayanudaguivieyanssnasludaruialagang ffeinn1snIHaA19ve e UNTULIAN
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idlesannuuudiass ARIMA deslilunsiinszideyasynsunaniiiauantfni(Stationary)
whitlaglunsdifeyaoynssunarililunisinnesifinaaudily asiiiNonstationary) asdes
yhnsudasteyafinalidutoysifiauaudfiniiideulasnsvinaiavesdoyasynsuiiad
roufihluaiauuuiiassARIMATsnehlUud i fesmrasedusiui d anansadeuluguves

d) e geannisd (2.0)

AgX, :Ad—l(xt _Xt—l) (2.4)

vsaeuluguataun1si (2.5)

(1-B)"x, (2.5)

a7
(1-B)'x, o naseduauil d a4 1380 X,

B A9 Backward shift operation

W1AMas d VesIonIs Integrated AU Stationary ves Time
Series Hsfasasaniugiifianainiuly dfeyaduualiu (Trend) n3e i seasonal fegudl 2.8
9¢l4ild Stationary ms1zdeyaUsEian Mean uay Variance avhinsil Jedearinlidoyady
Stationary dauﬁ%ﬂ%m‘[mmamn%’aga Tuprsvinlideyailu Stationary lneUnfudaanunse
virl#laen1s Differencing Yoaga Fa3uf 2.9 wan139in Differencing Foyalidusuuuy

Stationary

Monthly US net electriclty generation

YA woillig

5007

5UN 2.8 dnvaznsdeyainiiuwiliy vised seasonlal[13]
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60| paoualalip
Ajjeuoseas

0.10-

0.05-

0.00-

-0.05-

sB0] paouasayip
fianog

-0.10-

Year

Ul 2.9 wan3vi Differencing eyalviduguuuy Stationary[13]

ndayanistindsuluewing szdiulddanuindeyanudiduualdy luidu

Stationary Yaya Log Scale Faagraunann msthdeyafuunyinlu Logarithm Scale aziiula

Frdafuildy daaued Gelaiilu Stationary 39111019 Differencing Toyalegluguuuy
Stationary

2.4.3.5 WUUIIABY Autoregressive intergrade moving average model

(ARIMA) 9115188 2L98AULUUI1a0 9 Autoregressive LUUT1a89 Moving Average Lag

NIEUIUNT Integrated mﬁmimﬁwﬁ’ummmﬁ’]mﬁ'muwLﬁugLLUUUﬂ"ﬂUmmLL‘U‘Uf\Tﬂam

ARIMA(p,d,p) llunsuszidumsseaunisi (2.6)

AgY, =0 +PA Y +PAY, +ot P Yep T & —0& _“'qut—q (2.6)

Tned

I~ v

Y, Ao Ardunaluaunsuaan o e t

N o

d A9 F1UIUATIVRINITMIHAAI el R B YN TULIaNE

AaudRALd (Stationary)

I LY

p AD BUAUVDY Autoregressive
q Ao SUAUYBY Moving Average
5 fio Anasil

t Ao 1180

A° fio namadusud d
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¢4, A0 MTABIUBY Auto Regressive
6.6, fo Miweivues Moving Average

A9 ANAUARIALAADY 04 13AN t

o

2.4.3.6 WINTUVBINTTINENFTUNUS Autocorrelation Function 537314

e

BYA M 1A t (X)wardaua s 1380 t—k (X, ) v899391a1919i U k g Jaununie
fyaanwal p, 939 1 lunsdlanduiuslufneswedieg1e B9a1u150MIuIN FAaunisi
(2.7)

Z (Xt P >Z)(thk - >Z)
p s, =5 2.7)

> (X, - Xy

b
®
X
[l

n
X, wag k=0,1,2,3,...

t=1

S| =

lA8AIIUABINARBUNINTFIUYB I, (Standard error of T ) @l

gnsluNSAIUAENINITN (2.8)

SEY S B3 (2.8)

2o

anduiusludiesrosayadu (random data) IN154ANKINT

fegrafianunsaussnala TagnmsuanuasuniinieAade (mean) Wiuaued kazAILAaIn

1Y o v A ;Y

' e 1 s 4 DY LS ) 4 a4 Ao oa
Lﬂﬁaummg’mm’mu 3 ﬂﬁ'ﬁi%ﬁﬁamWUﬁumﬁlL@ﬂL‘ﬁuLﬂ'ﬁ@ﬂllﬁ]ﬂ/la'l QJIEHVT?U DAUAUAUUR

Jﬁ

YostayaounIUNANTUIEInY lnedl 2 Tdmiunegeudan r dauand1eluanaudvielyl
Ingldnisuaniasun@uinsgiu (Standard Normal Distribution) #sen1sldrnadia Box-Pierce
Q statistic @eilgUnwuudiail

1) MSHINUATUNFANINTFIU FeaunIh (2.9)

fe ~ N(O,L) (2.9)

o
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2) Aefi Box-Pierce Q statistic faaun1s7 (2.10)

m

Q=n>r’~x}(m-p-q) (2.10)

k=1

2.4.3.7 E‘ULLUUW\‘iﬁG{'fu Partial Autocorrelation Function(PACF) 1Junns

a v v 6 1 Y [y 3 V1 v v fw I =
forsananduiusssnineiuls x Au x_ e1adululdnanduiusainarnlunaiiloawnain

(% v 6 ! Y d’JQJ v (% g.J/ A A b o v 6 1 [ )
andunusIEnds 2 MuUstiuduls x_, X, Asduienaglaanduiussening x dux_, 7

,,,,,

1Av3nAULAI 7095 NINFUUINIADITIUAURIMYT X ,..., X, AINE1T T900991101559

YR

anduiusvesiaasiuuslugluuuvesmsanduiusuuuiiiouly Corr (X, X, ..., X ) o4

(% L3

138091 Partial Autocorrelation neunumedagdnuyal @, wiinianduiuslusiiiesunsdiu

o

wfisanlugusuuilendu 138077 Partial Autocorrelation Function(PACF) &4 g, @131158)

AMaUlARIENNIsT (2.11)

ﬂ(k i~ COV[(Xt A_ )’z)a(xt—k — )zl—k’?] (2.11)
\/Var(xt - Xt)‘\/\/ar(xt—k - Xt—k)

Tnefl % =A%t Xy et BXca

2.4.3.8 Recurrent Neural Network(RNN) danasiiuuuulasaingussam

Wendmdvaiialuiaa Amunzdudeyaiifueynsuinan 139n31 Recurrent Neural

Network(RNN) saziinisifiuteyaanaiuglilu Hidden state lagfin15in Hidden state rioy

wihanldlun1sAuin Hidden State Jatu wazly Hidden State YagtulunmisAuwindoys
Tuthsnadalu1s] Tnedinmsdunanmaunisi (2.12) wag (2.13)

h=o(xW+h_ U) (2.12)

0, =a(hV) (2.13)

Tned
t  Ae Y908
h @8 hidden state

X A deoya input
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0 f® A output
o f® activation function
W, U,V A8 Weight matrix @1%5UA1UI84 input, hidden state

nouni waghidden state UaqUu mudsu

9 1% A g

fudeyaimiuddunsedoyailuoynsuiial lng

Y Y

RNN 3953437

ee

% =

3501519 RNN aunsaldlanudayaniddisuriantidviiaduuin d95Ui 2.10 Taseasievea

Y Y

Recurrent Neural Network

31]17; 2.10 TAs9a319 Recurrent Neural Network

{la9a1nUnAuda 2uea3Tn1suuy Artificial Neural Network 1y
Hadduisu Input Uszananasenudy Output Tnglainadzand Input wiasfueniudniay
Ligusetudoyaiitoudnly andunSosdiduogidlsfld Tunaaglhiauls Ussananali
Output 99NUNULBULAN AN Input 1 fogheiiu §9353 Artificial Neural Network wuuuni
i agitymiudeyafidugidu wu NLP, damanw), 1os (§duussduainia), 3ile (@rifuves
Amuaztds) uazdoyaiduuuy Time Series Iny Recurrent Neural Network (RNN) fie
Artificial Neural Network waﬁdﬁaamwumLLﬁﬂiwﬂﬁm%’mﬂuﬁ%’azﬂaﬁﬁﬁu Sequence
lneldnannis Feed anruznigluvesiiaa ndunndu Input Tud giu Input Und 3end

Hidden State, Internal State, Memory ¥3gl#laaa3adn Pattern ¥89a16iU Input Sequence
2.5 ﬂ'li’?ﬂﬂ')’mﬁﬂNﬂ’]ﬂiﬁJLﬂﬁiﬂﬂ’ﬁWﬂﬂﬂiiﬁ

AMSINANURAKNAIAYBIAINENTAITNA18T Taa1u3TedlAlEIsNISInAIAINLRANATR

lade (Mean Square Error: MSE) Aan1sinAianuiianaintadslauading (Penalty) A1A235A
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NAANIHAININ DNYISINHANINISNYINTALAUAS (Over forecast) WagAINEINTAINAININAINY
\JuaSe (Under forecast) Fauduisinnuusdudlaoundygmiidaadoniuianain az
NANTUIANULANFITENINAIAZS NUAINEINATAULAEATENA9809 T518azdunnadunis?

(2.14)

Zetz ZWt _YAt)z
MSE ==L = (2.14)
n n

Tnen

A 1o

AR ANEINAVBDIBUNTULIAT U b381 t

=, <
o))}

? ﬂl’]W‘&J’]ﬂiﬂstéNﬁﬁéﬂiﬂJ a0t

D AIANURANAIATBINTITNEINTAL B 1380 t

> <

Ao Arduutoalut el

o o & .
2.6 dngdunus (Correlation)
[y ] 6 = [ v} & I ¥ & o :.// 1 1 Y} ‘:’f( 1A
anduiusilunsfinmanuduiussenindeya vemuuanusiud 2 fauluing

v

amuduitusiuluszdula wozllensfiudlufionda Wy enugeiudmin Sauduiusiy
wnisetion waviruatiuslufirmaieaturionssiudng Ferndulsyansandunusasiian
pej5EViNg 1.0 84 + 1.0 Havnfianlng -1.0 Sumineararindusisaesiafinnuduiudi
athannludnsstudng mndelng +1.0 dunineaiiudn fudsiaaesdinnuduiustu
Tnoaseetannl14] wazynnilandu 0 Tumineniiuin fulsieasssniulsifinuduitudss

Nufsaunisy (2.15)

Y=Y
-0 Yy -y

(2.15)

lngd
ro fe AnduussaAnsandusiug
= U ! b
X, Y, A9 AIANULUTUTIUTINYDIAILUS

X,¥ f9 Aanaduuesdins
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2.7 nuiReideates

aATeildinsnvisadostunisinssinsldndsnulndih wazssuunisdn
asnasulutiu dmsudiudaaios 91nn15AnwIIsnITRTIedeuluIuITe Laga1sans
wanA1afy winadnsildde Weduwwimslunisiauiszuunisdanisnd ity was
Mausunslindsnuliliiedul ity asldwoduaudsd

2.7.1 Mandal J.K. waz Sinha AK. [16] laiausnisnginsalaudesnisinia
vosaa il gesvun 33 Alalad lngldmeiassuuUssamidsunuudouludnamiivane
Funazdunoy NsSguTHUULNIgaund (Back-Propagation Algorithm) Tun1swennsalany
foanslalih Tuwhauuas ungagadua Taslideyaniudeanisinihaedalus o
Fiou unsie fs Sunau fuusunmideuliiulasstneauazidudeyamiudesnisldily
ofimity nansnensaifaUefidudainufianainiade dmsuturhnusarfungage
duai 1uSewas 2.06 wazieuas 2.17 Aua1ey

2.7.2 LuN. waz Zhou J [17] latiausnisldmaiintiea1ussuulssaniuy
hRealuda Heidusiuiuisnguannia (PSO-RBF) kagt1ea1uluuLsAea u@anandu (RBF)
Tuns wensaiaufiosnislifiingisna 24 daluslensléisnguoynialumsmeigsin
wiin nsWenledlifutienussuulszam nan1snensalaudesnshiingae3d PSO-RBF
fi anaduinnufinnannwdadudesay 1.34 uagnasnnisnensainiudenisiiiinges
RBF fresidudaruiananededudosay 2.27

2.7.3 Hyung-Chul Jo, Sanewon Kim wazSungkwan Joo [18] léinausiiieaiu
mMsdnmsananudnsmlninluldazdianat ileteuszvdandsnuvesgunsahiiai
SounazgUnsainiaudunigludiu

2.7.4 Yuansheng LIU [19] 115z uu@uoinasaassy (Embedded System) unla
suiesunsmuaugunsallitihneluininy 1’7iﬁaamimuamwlﬁfﬁﬁauﬂawﬁgwm Tuns
19971 Smart Office

2.7.5 Velikov uag Solomatine [20] lnalinn1sAuai1uzaingudeya lun1s
Fruwunuariune sedurduneia (Surge) USHiaanndl Hok van Holland Ussmaiuisasuaus
Tnewadafihuild lunmsduwunfe nssuunuuuiu@eu (Bayesian Classification) dwsunis
Fuundeyaazld maliasevinuudulsl (Decision Tree) iiteldlunnsvimng Tasnistings
foyausaznguitldain msswunuvuiudeu ivhnsihuesensimssiuuuduls uay

a =~ i ° ! v o ' Y] = ° a v Y}
WIHUNBUNG FEUINNNITNIUIERWAUIANLA 0-2 SU'JINQ "?I\‘]NaﬂqiﬂqurJﬂJNﬂjqﬂlﬂaLﬂUQﬂ‘U
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a

ToyanT19inlu wazgIdulaasuin msviwniesdeyaiusednsain waznisldmalinnisyi
witosdeyaluduneumawisudeya annsovliuuudeondaduineafidauusiue

2.7.6 Suhara Y., Nakabe T., Mine G., wag Nishi [21] lalaueni1siaunssuudn
nandsnunelutu Ieldaaussiviindesdiovdaniaieldlunisdanimmdanuliihniely
{1y fdei3endn KNIVES (Keio University Network Oriented Intelligent and Versatile Energy
Saving System ) Tdnwaign19vi1 a1u Feszuulszananaiiiu wietne Tunisudstoua ves
Pndanuliiives Inaausazein wazanusn Yiedesilofinanlufasseynsudn fuaind
waziwasAmusaineslalaenss wdesdlevdadanunsossanumanisldngdaany Tniweduan
yinqaTedalusiumsszuund 3 amnsodu dedeyauuulians uenaini udr dafinsiamn
dane’ fumdumsnensainmsliivanlddnlulussuuuszsananaves 1a3ee KNIVE usiagia3ed
wWedalyandilididusenlutisiinnsldndsnulwiiunn (Peak Shaving ) Hausingin szuu
@30dn Peak Load adldlagnisannsvinnuseaaiosuiueiniaas Tudasiinisldndan
Tnifiagnn

2.7.7 Abe, K., Mineno, H., kaz Mizuno [22] lalauanisnaunssuudnnisnaasu
aelutu Tne unine1de lulefn (Shizuoka ) Useinadgiiu 1¢ ldAnUssivg dinesin
niaulwi§aaiey (Smart Watt — hour Meter) dieldlunisdnnisndsaulninielutiu &
Foi3unin Smart Tap 3¢ vhnthidu Wulwestandauliindasses Tasmdsnulniiuas
defioyavosdr wasswladhlui Smart Tap fduq Tneld Zigbee sadsdldlnlihanusaiSeng
Foyavesnslindanulnih ves nanfireagiu Smart Tap ftuqldds senuuulildauiy

@509l TaerlunfeIn1seISUnSe Load Panel Aoy Circuit Breaker 03t NUlaensa
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uni 3

A5N15A 1 HUIUINVY

Tuuniazunsiiavefunsunisdiunuifenisieszideyansldndany
Wenmdaganistindsnuniglutiu wagnisneinsainislondenulniiielunisinanu

WAUITEUUNITIINAIIUY P85 UUNITIANSNAIN UL drnsutnudaasezlnglaisnig

¥
av A

wilesdaya Weraukunsanldndnungludiy muddeilladiaswvanisaliiansly

NasuluT U 1ng3TN15A I UINUITLTUIINANTANBITEUUUIUITNISIANITNANIU LAY
= a = 1% ° a o A a ¢ v Y v ~

miﬂﬂmmﬂuﬂmuaaﬁuaaﬂammﬁﬂumm% L‘wmmmwmazﬂamﬂ%wmmulumu MRRkN

wuNIsaRlEnaIwlaininganisnevauasulran Inedinisaniun1sidenialuil

14 = v

3.1 MIANTUUIBAURANSIYBYATTUUUINIINITIANTITNAY

v Y

ASAATITITDUAANNST U U BT

Y

BIANYITFUVUTMTIANINANY Tneaze1funis
MuTENIN gUNIalnTIvinausviweskagssuumuataunsalliin vulassadisvesssuu
wAlulag wazansaunanaziinisidlueuan lnsthuusagndienaasiinsfinnsssuundnlni
NN wazszuuiniundsnusuegie Welduimsdanisnisldndsnulniilviia
Useleugegn seuuuimsdan1snaasuniiuss@nsninaisaziinisinaununsiondanu 39
o & v [ v A A I o v a Y a Al

Jndudemaumsidndinulutiu enageoniuunsiiarseuuiiudaasesliiananian

av & & o s a Y v X o v Y [ a [ [ PN
NuIdedidunisinassaniunisaiiiianslang s uAud ns v ugIRses 1 1ad WQE‘IJ‘VI 3.1

lAsasesEUUNMSUIMIMsTanasnudmivdiudanies wsuandisgunsainwenlesdiulay

= Energy Market
Weather Signals
Storage and PV
y Controls () fjf 3|; =7
s External Data
& ¢
o

Control of Loads \@
1

Electric
Vehicle

4

5UM 3.1 lassaieszuunsuimimsdandsnudmsuinudaaies



1% =i

foyailsaziiulilugiudeyatazihunldlumsinszvimainudeanissnulvan iedmsu
nnsusuanlindanu lnsnuideiasdunsseedvanindeyanisldnundsnuludv
iWedasgimdeyatiuraulalunsnsununslindan uazdraouvnmsaifisinslingsay
Iwhruszuuumsnmsdanisndsnuidlefinnisnovaussiuluan Tasnisudladayiloiin

nsldndanugean lalddanesiumsdnnisndsnuimiladdnandfy wazanuazaInaue

3.2 mMynngidayanlgmaiamiiasdoya

Hutupeuresmseaniuy wazaswuunaesdmiumTinsizvideyandsaulni
nelutnuy ﬁ'ﬂgﬂﬁ gﬂ‘ﬁ 3.2 lassasamsvimilesteyadmiviiaszinisldndenulni Tny
I%L%ﬂﬁﬂayﬂiumaﬁ Autoregressive intergrade moving average (ARIMA) Juni1sende
nAnssuvesteyalusin wavinaialaseigUszamiieulaglddanesiuuuuaynsuiian
Recurrent Neural Network (RNN) 1Junisiendeyavestadentsuanuidiuin dmsunis

wensansiinasnuneludiu wazihdeyasiiaquiiaeianiznslinaanu

Data Modeling

Evaluation Data Visualization

Data Understanding Data Preparation

|
| I

INPUT

v vy v
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- Foyawndadldlaih
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Infharnndsau
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uaseiing !
|

| Usedfiuna “> uanawanis
|
|

TnTzideya

TEUUVUINITNITIN | ARIMA Model || NSANEN

WY

INPUT

v v oo
ﬂag‘a{]mwmaniwu

Aumsldnaseulnia

- Joyaomunndl
agung

- U dazan

|
|
|
|
|
|
|
|
|
|
——»  wiendeya —T» R\NModel ip
i [ [
- @nmeINA [ : :
|
| | |
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JUN 3.2 lassasumsiunilesdeyadmsvinneinislindsanuluih
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Muunumsanlindudely lnetunsunisieseideya Hmadamilesteyaliansazidon
Fortolutl

3.2.1 myvimnudiladeya (Data Understanding) tunisiiudayanisldndasnu
aeluthulagazAnmuwessrurmdsaulnii iefudeya wdnAvlilugudeya lnves
wiadu 2 Yeyade Teyaildainnislingdaanu wu deyaindeliliin deyanislindasnly
wAgzies Jaganisldndinuainnisndalniindenuuateniing udu wasdoyalade
meuen wu Jeyadawerna gamgl ety Su wazna

[

3.2.2 n1sw3eudoya (Data Preparation) Wunisfnidensiusiuingdeyadu

=b.

¥

Aeades Favgdesiinisiiauareindeya (Clean Data) nsvasuaugniaswasdoya
ilefazUudsuvideudludoyalvioglusuiimnzay uazlimfeuiiazihluiinsest iwudeya
fimell wlasrndoyalioglusuiiinlade Wudu

323 wuudiaestoya (Data Modeling) udumeumsiinszideyalagliluaaite

a

wonsal dmduauddedisiden 2 Tutna Wunssuaunisiudesnefulaun 33015
Autoregressive intergrade moving average (ARIMA) 1dan1si3auiveyalusin wagisnis
Recurrent Neural Network (RNN) andetadanisusnvestoyaanineiniaunduiadelunis
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TasTnsinAudaan1lnin DL (Demand Limits) wiheidudladag wazseeziian Duration

mihedudalug
Qe s e e s G BRI U SRR e B e R i R A R R R S R R R R R A ped|
1 : I 1
| Starus of Appllances Ti Load Pri ! i
1 ‘otal Household oad Priority i Check NO i
by spi=1,802=2 | |!| 5l Dpdate(T®) — ——>! Sueris turnedon ——| PO 1
1 (SP1, SP2, 5P3, 5P4) Power (TF) 1y TP-DL A i
1! S§P3=3,8Pn=n | e 11
! : ¢ ! 1!
| 1] || ‘Peioeityin Priority 3 Priority 2 Priority 1 i
¥ X [ ) ) i) ¥
1
1 Demand Limit (kW) commortLevt 11 | e - "
OFF
i < 11| [ CheckSPnStatus] < CheckSP3 Status|  OFF | CheckSP2 Status| 27| Check SP1 Stamus) 11
il Duration (Hirs) il : i i
1! i I i
R e e o on, on| o i
!5 | | i
! ! : 1 " Cheek g Check i 1"
! ;_} SP1 Comfort Level SPICDII!MLWG( b > o Mo/ Check NO Check i
L | Violation Check Violation Check | A L=l LPsi:<LPase LPai<LPar | :
1! i ! ] - 1
. . | -, wl
[ i | | = 1
I ! _SPn Comfort Level 5P3 Comfort Level | o .
[ S pe- P4 Is Turned OFF §P3 s Turned OFF i1
! Violztion Check Violation Check I : 8 e SPZ is Turned OFF §P1 Is Turned OFF i
I |
1 N i
! L) «J ! l i i l 1
! Request for Sare 1 + 11
1 1
1 i i

5UN 3.3 laszunsumsvitnuniglussuuuimsdanisnasaludiu

3.3.2 Wamiuasainauieniualiinasdinanuazainauievseld azdestued
funsasAvesine e inaninsaazlianglateunfimuaminiu

[y & [ [ P o o [

3.2.3 snmananiuslnanienug waginnisigaiauly VOIFYYIUNITIINANT LY

WA 61 TP < DL TiAueaugdlnianluiigansegrinauind wavsniananiuglui

aglutu wan TP > DL Tvinulaedadeuwludanlwihdasesdilnuyiauediidnsedu

ANUAIARY avInANEAsy LPSPn tegiianlvivinnislnnieu wazfudieswnnaniug TP

wazidadouly TP < DL sioly

42



uni 4

Nan'ls"“sl,ﬂs'lzﬁ%'aga

a

NuUITedITngUsrasmiiodAservauanishinasanunieludiu waru1ve

9 Y

Wisuisuanuudugvessnensaifilaands ARMA fupIetieuszamdiouwuu RNN Tu
nsnennnsainislindsnungludn ngldyadeyanieiitalivostiu 1 nds fudfud 1
UNSIAL W.A. 2559 A9TUT 16 SurAL .6 2559 Ima%aﬂaﬁ' Juiinuanadusioui 1wy
503,909 unveua

Frluuniavesuneds MTAATIEATOUA WATNNTORNWUUNITUNITANSITINTEUUNIS
Jonsnasnunglutnu dmsumsliesisinisneuaueinnudensiniuyssendly

o a
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M319% 4.1 Avnsiwesnasnuniglutnu uans 8 umveyaaaving

House Home Wine
Use Gen Dishwasher Furnacel Furance2 Fridge
order time overall Office Cellar
[kw] [kw] [kw] [kw] [kw] [kw]
[kw] [kw] [kw]
503903 1452128301 1.537 0.00318 1.537 0.00005 0.0892166 0.63865 0.04175 0.00561 0.00846
503904 1452128302 1.551 0.0032 1.551 0.00006 0.1143 0.6232833 0.04181 0.00521 0.00835
503905 1452128303 1.599 0.00321 1.599 0.00003 0.0852666 0.6424166 0.04178 0.00526 0.00866
503906 1452128304 1.608 0.00321 1.608 0.00005 0.1143 0.6232833 0.04181 0.00521 0.00835
503907 1452128305 1.601 0.00318 1.601 0.00003 0.0852666 0.6424166 0.04178 0.00526 0.00866
503908 1452128306 1599  0.00323 1.599 0.00005 0.1040166  0.6250333  0.04175  0.00523  0.00843
503909 1452128307 1.924 0.00321 1.924 0.00005 0.4223833 0.6377333 0.04203 0.00498 0.00846

503910 \ NaN NaN NaN NaN NaN NaN NaN NaN NaN




Fetayafulaundesitnismseuteya vsevanuazeinteyalied luguuuui
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WATAlAdE 9NAN5T 4.1 TeyaanvneiAinadan wasdeyaiunidesitnisuuasioyaly
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sULUU Lawariu Feveglunszuiunisisnismisudeya (Data Preparation) Aetiuagla
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A15197 4.2 ansuansteyandsainnisulasdoyaiadoudn

House Home Wine
Use Gen Dishwasher Furnacel Furance2 Fridge
time overall Office Cellar
[kw] [kw] [kw] [kw] [kw] [kw]
[kw] [kw] [kw]
2016-12-16
1.599 0.00321 1.599 0.00003 0.0852666  0.6424166 ~ 0.04178  0.00526  0.00866
03:26:00
2016-12-16
1.608 0.00321 1.608 0.00005 0.1143 0.6232833 0.04181 0.00521 0.00835
03:27:00
2016-12-16
1.601 0.00318 1.601 0.00003 0.0852666 0.6424166 0.04178 0.00526 0.00866
03:28:00
2016-12-16
1.599 0.00323 1.599 0.00005 0.1040166 0.6250333 0.04175 0.00523 0.00843
03:29:00
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Home Energy
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Home Energy

= Home office [kW]
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— Barn [kW]
Living room [kW]
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A13199 4.3 gseteyadadiunslandanuluiuluwdagvieduseu 1 U

anu o9 Aagluia(kw)

1 Home office 40961
2 Wine cellar 21233
3 Kitchen 12 1388
4 Kitchen 14 3539
5 Kitchen 38 4

6 Barn 29493
7 Living room 17794
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Eneygy Consumption for Room

Home office [KW]

Wine cellar [kW]

None

Kitchen 12 [kW]

Kitchen 14 [kW)
Living roem [kWw]

Kitchen 38 [kW]

Barn [kW]
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M13197 4.4 edeyadadiunslindanuaseddlnitluseu 11

a1diu gunsallni Masluiakw
1 Dishwasher 15806
2 Furnace 1 49993
3 Furnace 2 68924
4 Fridge 32026
5 Garage door 7124
6 Barn 29493
7 Well 7882
8 Microwave 5534
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Eneygy Consumption for Devices
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solar power generation
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100

Correlation Matrix for Smart Home

use [KW] 0.75
gen [kKW]

House overall [K'W]
Dishwasher [KW]
Furnace 1 [EW]
Furnace 2 [kW]
Home office [kKW]
Fridge [kW]

Wine cellar [kW]
Garage door [KW]
Kitchen 12 [kW]
Kitchen 14 [kW]
Kitchen 38 [kKW]
Barn [kW]

Well [k'W]
Microwave [kW]
Living room [kW]
Solar [kW]
temperature
hurmidity

visibility
apparentTemperature
pressure
windSpeed
windBearing
preciplntensity
dewPoint
precipProbability
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precipProbability

House averall

UM 4.8 nymluansieavduiusvasdeyanaun

49



4.4 wavasmsnensallagldinaiinaunsuiian ARIMA

Tuauideillaldinatineynsuiial ARIMA(AutoRegressive Integrated Moving

Average)lgfinvun I1UIUAIAUVDY Autoregressive AR(p) HANYINAY 3 91UIUATINNS
Differencing I(d) HALY11AU 1 WagdnuIua19U8s Moving Average MA(Q) AU 0 910

NTIATIEIINEINTalTeYa tnenisiuideyanisiiouisesay 70 uavlayanaaauiosay 30

a

Aaguin 4.9 nenuandeyanensainslindanusedUav wadtafenainiafow 0.179 uag

HatayaseTufeUn 4.10 Anadeanudaadeu 0.076 Falauuduginimeinsalseduam

Energy Prediction

—— Predicted Data

mm Train to Test ratio
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Energy Prediction
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fUmvgIHan1A1INNsIETaYaNTSSEuITayal UL TY dunnnideyaseduatiinlinsiula

MBEinsSeuTeyaNuNIzdmasenITHEINTAINWINENTY

4.5 wavasnsnensallagldmalialaseineussamiisniuy RNN
wafilsanmadialuima Recurrent Neural Network (RNN) Sane3finuuulasetie

Usvamiion dwiveynsuna suideildldideyanislindsnu uazanimenie ioigoud

doya wazvhuenslindsnu Ssfeyaanmenmaiildlunisduin fensieil 4.4 fregrans

\fon Features Yayan1siseusamiumsvihuienisidndanuy

M13199 4.5 Fegasiden Features Tayan1siseusaniumsviuensiinaeny

use temperature precipintensity visibility windSpeed pressure cloudCover windBearing
1.601230 29.45 0.0101 8.74 6.72 1011.49 0.31 186.0
1.599333 29.45 0.0101 8.74 6.72 1011.49 0.31 186.0
1.924267 29.45 0.0101 8.74 6.72 1011.49 0.31 186.0
1.978200 29.45 0.0101 8.74 6.72 1011.49 0.31 186.0
1.990950 29.45 0.0101 8.74 6.72 1011.49 0.31 186.0

NTeyalanifiiega 5 unaanedmiunisseuilasldveyanisiindanuluiu
wazdayadn eI mTunTiueAuaiun 1 1nsIAN 2559 11a1 05.00 u. feiud 16
SuAu w.A. 2559 a1 05.00 u. Iaglun1sasddumalaiinunrinisfimesaneiauansly

AN 4.5 ATNNSITLRDS NTlUNISAUUAaS19ILAE

AN5199 4.6 ATNNSITLRS TETluUNITAIIrUAaS19lna

Parameter Value
epoch 32
Batch size 64
Hidden node 65
Hidden layer 1

HATINAITNYINTAAITT Recurrent Neural Network fa3uil 4.11 As1ullandna

Uoyane1NsalneTs Recurrent Neural Network Kafladeaanalazay 0.705
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Energy Prediction

12 —— Original Data
—— Data Predicted
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Energy Prediction
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4.6 WANT3I1AB9PANDINUNITIANITWASIUATETUTIY
nss1aesdanesiiunssansndsnunelutiug lumssiaesduin famnsei 6.7

$raedlvanadoddlniiludiu 1 wds Tnedmuanuddyvedivanliil dmsunsdndula

$1uu 7 519015 drulvanililfdmunezidrdlvuaniouldau dannssnedl 4.8 day

AMUEIARYUDINER LAZNITAIAIAIINEEAINEUY

A1519% 4.7 aadluanesasltininludu 1 18

10U Uszinmaaslalnii FuUxmad A (W) Twansau (W)
CFL bulbs 10x27TW
1 Lighting loads 390W
Tube lights 3x40wW
Table/Ceiling
aAx70W
Fans
9 Air conditioner 1x1500W
Cooling loads ) 2705W
Refrigerator 1x325W
Exhaust fan a4x150W
Electric iron 1x1000W
3 Heating Loads 5000W
Hair Dryers 2x2000W
Microwave oven 1x2000W
q Kitchen Toaster 1x750W 3350W
appliances
Mixer cum Grinder 1x600W
5 Washing machine 1x700W T700W
6 Television 1x200W 200W
7 Water pump motor Ix746W T46W
8 UPS/inverter 1x800W 800W
9 Electric vehicle 1x3300W 3300W
10 Other Item 400W 400W
Total load 17591wW
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A19199 4.8 a1duANEIAYIedlan LaZNITAIAIAILEZAINEUIE

aruAudfgy w3adldlvifh WY (Watt) ANTRIAIANINATAINEUNE

1 UPS/Inverter 800 a0uz 80% TulY

2 Washing machine 700 anuziUaldau

3 Air conditioner 1500 @nnue 25-27°C

4 Electric vehicle 3300 anuLYI5a 145 Wil

5 Electric iron 1000 AsEnIUEA U

6 Microwave oven 2000 AsEnuEa U

7 Toaster 750 AsEnIUEA LU

nmsdaeslnannelutiuluszegiian 24 4alus lnsdnisdrasannnisol
mavaURIMNABINTIHN Tnedin1sUeuiiouseninensledanesiunsInnIsnaIuANeY
T fudlelildsanesiiu éﬁ’ﬂgﬂﬁ 4.8 wavean1ssandluan 24 Falus sevedunaliinlunis
Amuansifandasnuluii (Demand Limits) msdenndessuiuaudedivnaniitiuuday
vadlvinansgnuiesiigadmiunslindanulniludinuszdiu anmsdaesldnade an
Uniftlalldganesfiunisdamsndsauluthualuigsaeedodio 12.83 Alatad anmde 8.31
Alatnd Tnanisideunisunsasasudlniin wissdisesiniin uasdalnanaudiduaiudifey
wnliimsitandsuuas avvhns@aldndsnulihaaiusun® udassuuazidann TP uwas
DL sinld

Total Household Power Demand
Demand Limits = = Total Household Power without HEM ~———Total Household Power with HEM
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AaRwan 0. Wswnsa python #ilFlunsnaass
#n15:38n lbery ioldau
import pandas as pd
import matplotlib.pyplot as plt
%matplotlib inline
import seaborn as sns
from mpl_toolkits.mplot3d import Axes3D
from sklearn.preprocessing import StandardScaler
import numpy as np
import os
from IPython.display import Image
from pandas import read_csv
from pandas import DataFrame
from pandas import concat
from datetime import datetime
from random import random
from math import sqrt
from numpy import concatenate

from numpy import array
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import matplotlib.pyplot as plt

from statsmodels.tsa.stattools import grangercausalitytests

from statsmodels.tsa.vector ar.var model import VAR

from statsmodels.tsa.stattools import adfuller

from statsmodels.tsa.vector ar.vecm import coint_johansen

from statsmodels.tsa.holtwinters import ExponentialSmoothing

from statsmodels.tsa.seasonal import seasonal decompose

from statsmodels.graphics.tsaplots import plot acf,plot pacf

from pyramid.arima import auto_arima

from fbprophet import Prophet

from sklearn.preprocessing import MinMaxScaler

from sklearn.preprocessing import LabelEncoder

from sklearn.metrics import mean_squared_error

from sklearn.ensemble import RandomForestRegressor

from xgboost import XGBRegressor

from keras.models import Sequential

from keras.layers import Dense

from keras.layers import LSTM

print("Test Runcode")
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#e1utoyaanguleya
file_path = "/Labtest/input/smart_home/HomeC.csv"
dataset = pd.read csv(file path, low _memory=False)

dataset.info()

#n15iA3eUTeYA

time_index = pd.date range('2016-01-01 05:00', periods=len(dataset), freg="min’)
time_index = pd.Datetimelndex(time_index)

dataset = dataset.set_index(time_index)

dataset = dataset.drop(['time'], axis=1)

dataset.iloc[np.r [0:5,-5:0]].iloc[:,0]

fig, axes = plt.subplots(nrows=2, ncols=1)
dataset['use'l.resample('D').mean().plot(ax=axes[0])
dataset['House overall]l.resample('D).mean().plot(ax=axes[1])
dataset = dataset.drop(columns=[House overall'])
dataset.shape

dataset['iconl.value_counts()

dataset = dataset.drop(columns=['summary’, ‘icon'])
dataset.shape

dataset['cloudCover'l.unique()
dataset[dataset['cloudCover'l=='cloudCover'].shape
dataset['cloudCover'][56:60]
dataset['cloudCover'.replace(['cloudCover], method="bfill', inplace=True)
dataset['cloudCover] = dataset['cloudCover'.astype(‘float’)
dataset['cloudCover].unique()

dataset['cloudCover'l.unique()

dataset = dataset.resample(H').mean()
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print("Shape of hourly dataset: {} -> n_rows = {}, n_cols = {}".format(dataset.shape,

dataset.shape[0],dataset.shape[1]))

energy data = home_dat filter(items=[ 'use [kW]','sen [kW], 'Dishwasher [kWT],
'Furnace 1 [kWT], 'Furnace 2 [kW], 'Home office [KW], 'Fridge
[kWT,
'Wine cellar [kW]', 'Garage door [kWT], Kitchen 12 [kW]',
Kitchen 14 [kW]', 'Kitchen 38 [kW], 'Barn [kW], 'Well [kW],
'Microwave [kW], 'Living room [kWT]', 'Solar [kW]')

weather data = home_dat filter(items=[temperature’,
'humidity’, 'visibility', 'apparentTemperature', '‘pressure’,
'windSpeed', 'windBearing', 'dewPoint'T)

data=data[:-1]

data.shape

#aF1aluna ARIMA
from statsmodels.tsa.arima_model import ARIMA

def forcast_ts(data, tt_ratio):

X = data.values

size = int(len(X) * tt_ratio)

train, test = X[0:size], X[size:len(X)]

history = [x for x in train]

predictions = list()

for t in range(len(test)):
model = ARIMA(history, order=(5,1,0))
model fit = model fit(disp=0)
output = model fit.forecast()
yhat = output[0]

predictions.append(yhat)
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obs = test[t]
history.append(obs)
print('‘progress:%',round(100*(t/len(test))),\t predicted=%f, expected=%f" % (yhat, obs),
end="\r")
error = mean_squared_error(test, predictions)
print(\n Test MSE: %.3f % error)
plt.rcParams["figure.figsize"] = (18,10)
preds = np.append(train, predictions)
plt.plot(list(preds), color='green’, linewidth=3, label="Predicted Data")
plt.plot(list(data), color="blue’, linewidth=2, label="Test Data")
plt.axviine(x=int(len(data)*tt_ratio)-1, linewidth=5, color="red’, label="Train to Test
ratio")
plt.title(u'Energy Prediction',fontname="Tahoma',fontsize=18)
plt.xlabel('Week' fontsize=16)
plt.ylabel(kW' fontsize=16)
plt.legend()
plt.show()
#col = 'use'
data = dataset[coll.resample('h’).mean()
data.shape
tt ratio = 0.70 # Train to Test ratio
forcast_ts(data, tt_ratio)
col = 'use'
data = dataset[col].resample('w').mean()
data.shape

tt_ratio = 0.70
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forcast_ts(data, tt_ratio)

col = 'use'

data = dataset[col].resample('d’).mean()
data.shape

tt_ratio = 0.70

forcast_ts(data, tt_ratio)

#a319luma RNN

weather features = dataset[['temperature',humidity’, 'visibility',' windSpeed', 'pressure’,
'cloudCover', 'windBearing', 'precipintensity’,' precipProbability']]

energy use = dataset['use']

x_train = weather features[:5500]

y_train = energy use[:5500]

x_test = weather_features[5500:]

y_test = energy use[5500:]

X_train = np.reshape(x_train.values, (x_train.shape[0], x_train.shape[1], 1))

X_test = np.reshape(x_test.values, (x_test.shape[0], x test.shape[1], 1))

x_train.shape, y_train.shape, x_test.shape, y test.shape

model = Sequential()

model.add(LSTM(units=64, return_sequences=True, input_shape=(x_train.shape[1], 1))
model.add(LSTM(units=64))

model.add(Dense(units = 1))

model.compile(optimizer = 'adam’, loss = 'mean_squared _error')

model.summary()

model.fit(x_train, y_train, epochs = 32, batch_size = 64)

fo = mpl.font_manager.FontProperties(family="Tahoma',size=13)

predictions = model.predict(x_test)
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plt.figure(figsize=(18,10))

plt.plot(y test.values[::24], color="blue’, label='Original Data’)
plt.plot(predictionsl:,0][::24] , color='green’, label='Data Predicted)
plt.title(u'Energy Prediction',fontname="Tahoma',fontsize=18)
plt.xlabel('Date’,fontsize=16)

plt.ylabel(kW' fontsize=16)

plt.legend()

plt.show()

weather features = dataset[['temperature',humidity’, 'visibility',' windSpeed', 'pressure’,
'cloudCover', 'windBearing', 'precipintensity’,'precipProbability']]

energy use = dataset['use']

weather features = weather features['2016-01-02 05:00:00:'2016-12-02 05:00:00]
weather features['yesterday use']l = energy use[2016-01-01 05:00:00:'2016-12-01
05:00:00'].values

energy use = dataset['use'l['2016-01-02 05:00:00:'2016-12-02 05:00:00']

weather features.shape, energy use.shape

x_train = weather_features[:5000]

y_train = energy use[:5000]

x_test = weather_features[5000:]

y_test = energy use[5000:]

X_train = np.reshape(x_train.values, (x_train.shapel0], x_train.shape[1], 1))

X_test = np.reshape(x_test.values, (x_test.shape[0], x_test.shape[1], 1))
x_train.shape, y_train.shape, x_test.shape, y_test.shape

model = Sequential()

model.add(LSTM(units=64, return_sequences=True, input_shape=(x_train.shape[1], 1))
model.add(LSTM(units=64))
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model.add(Dense(units = 1))

model.compile(optimizer = 'adam’, loss = 'mean_squared_error)
model.summary()

model.fit(x_train, y train, epochs = 32, batch_size = 64)
predictions = model.predict(x test)

plt.figure(figsize=(18,8))

plt.plot(y test.values[::24], color="blue', label='Original Data’)
plt.plot(predictions[:,0][::24] , color='green’, label="Predicted Data’)
plt.title(Energy Prediction',fontsize=18)
plt.xlabel('Date’,fontsize=16)

plt.ylabel('kW' fontsize=16)

plt.legend()

plt.show()

#ranTiasgideyanisldndanulutu
plotCorrelationMatrix(df1, 9)
energy per _day = energy data.resample('D').sum()
energy per_day.head()
nergy_per_month = energy data.resample('M’).sum() # for energy we use sum to
calculate overall consumption in period
plt.fisure(figsize=(20,10))
sns.lineplot(data= energy_per_month filter(items=[ 'Dishwasher [kW]',House overall
[kwWT,
'Furnace 1 [kWT], 'Furnace 2 [kW]', 'Home office [kW], 'Fridge
[kWT', 'Wine cellar [kW], 'Garage door [kW], 'Kitchen 12 [kWT,
Kitchen 14 [kW]', 'Kitchen 38 [kWT]', '‘Barn [kW], 'Well [kWT]',
'Microwave [kW]', 'Living room [kKW]', 'Solar [kW]']) ,dashes=False)

plt.figure(figsize=(16,8))
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# Plot the rooms consumption

sns.lineplot(data= energy per_month filter(items=[

'Home office [kW],
'Wine cellar [kW], 'Kitchen 12 [kWT',
‘Kitchen 14 [kW]', 'Kitchen 38 [kWT', '‘Barn [kKWT]',
'Living room [kKW]1) , dashes=False )
plt.title(u'Home Energy ',fontname="Tahoma',fontsize=18)
plt.xlabel('Date’,fontsize=16)
plt.ylabel('kW' fontsize=16)
plt.figure(figsize=(15,6))
sns.lineplot(data= energy data.loc['2016-07-01 00:00' : '2016-07-01 23:001.filter([ 'Home
office [kWT,
'Wine cellar [kW]', 'Garage door [kWT], 'Kitchen 12 [kKWT],
'Kitchen 14 [kWT, 'Kitchen 38 [kW], 'Barn [kW]', 'Well [kW],
'Living room [kW]1),dashes=False , )
plt.title(u'Home Energy ',fontname="Tahoma',fontsize=18)
plt.xlabel('Date',fontsize=16)
plt.ylabel('kW' fontsize=16)
plot = all_rooms_consum .plot(kind = "pie", figsize = (12,12))
plot.set_title("Eneygy Consumption for Room")
plot = all_devices consum .plot(kind = "pie", figsize = (12,12))
plot.set_title("Eneygy Consumption for Devices")
data['day']= data[time'].dt.day
data['month']= data['time'].dt.month
data['week']= data[time'l.dt.week
data['hour']= data['time']l.dt.hour
import seaborn as sns
def visualize(label, cols):

fig,ax=plt.subplots(figsize=(14,8))
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colour= [red','sreen’,'blue’,'yellow]
for colour,col in zip(colour,cols):

data.groupby(label)[col]l.mean().plot(ax=ax,label=col,color=colour)
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