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Amoayopevetal n avtypadn, amobrnkeuon kat Siovopn g mapouvoag epyaociag, €€
OAOKANPOU 1 TUAHOTOG QUTHG, YLO EUTIOPLKO OKOTIO. EMUTPEMETAL N avaTunwaon, anobrkeucn
Kol SLOVOUNA ylot OKOTIO PN KEPSOOKOTIKO, €KMALSEUTIKNAG i €pELVNTIKAG dUONG, UTO TNV
npolmoBeon va avadEpetal n mnyn MPoEAeUcnG Kol va SLOTNPEiTtoL TO MOPOV HAVUUA.
Epwtnuota mou adopolv tTn XpAon TNG £pyaciag ylo KEPSOOKOTILKO OKOTO TIPETEL va
amneuBUvovTal Pog Tov cuyypadEéa.

OL amoPEeLg KoL TA CUUMEPACHATA TIOU TIEPLEXOVTAL OE OUTO To €yypado ekdpdlouv tov
ocuyypodéa Kal dev TIPEMEL va epUnveUBel OTL OVTLTPOOWTEVOULVY TI¢ eTtionueg BEoelg Tou
EBvikoUu MetooBlou NMoAuteyveiou.



NepiAnyn

H paydala avamtuén otnv £pguva yia to Internet of Things €xeL £€vog eUpog amo epapUOYES
otnv kaBnuepwvr poviépva {wn Kal pia amo tig no onoudaisg sivat to £€umvo omitt. Mo
OUVKEKPLUEVQ, OL EEUTIVOL BEPUOOTATEG £X0UV KOTOLOKEVOOTEL yLa val TPOOhEPOUV AVEDSH KOl
yla va BeAtioTomnolrjoouv toug Adn umdpyXovieg BEPUOOTATEC.

TKOTOG TNG MapoUoag SUTAWUATIKIC EPYACLAC ElvVaL N KATAOKEUN eVOg €EUTVOU BepooTATh
Kal yla Tnv uAomoinor tou Ba xpnotponolnBei £€va Raspberry Pi to omoio Ba emnitpenel oto
XPNotn va TopakoAouBel kal va eAéyxel tn Bepuokpacio Tou orutiol Tou HEOW €VOC
ypadLkoU mepBAANOVTOC KAl ATIOLOKPUCHEVAL.

APXLKA, KATAOKEVAOTNKE Vol BEPUOUETPO LE TN BorBela evog alobntrpa Beppokpaciag Kot
avamntuxbnke pia Sladlktuokn edopuoyry OMOU O XpPHoTng MIopel va mapakoAouBei
SLadopa OTATLOTIKA Kol vo eLodyel kamolo efdopadiaio mpoypappa e TG ETOUUNTES
Beppokpaocieg. 2tn ocuveéxela, Aoyw Twv VP NAWV BEpUOKPACLWY TIOU UTIAPXOUV oTnv ABnva,
anodaociotnke OTL N ouvéxela Ba yivel o TIPOCOUOLWOELG.

To emopevo Brpa, ATav va pedetnBolv diadopa Bepuikd HOVIEAQ TIOU TIPOCOUOLWVOUV
KATIOLO KTLPLO KO N povieAomoinon evog amhol Beppootatn on-off kal evog Bepuootdtn
mou xpnotuorolel eheyktn pid. OL SLadopeg MPOCOUOLWOEL TTIOU €yvav yla Toug SUo
Beppootateg ota Stadopa povtéAa £8nav to o KATAAANAO HoVTEAO.

Enewta, avamtuxdnke Kamolog £Eumvog aAyopLlOOC Kal TIPOOOUOLWONKE OTO UOVTEAO TIOU
elxe emeyel mo mpw. Télog, €ywav dladopeg ouykploelg avapeooa otoug Stadopoug
Beppootateg mou poviedonolBnkav katl avodEpBbnke n BeAtiotonoinon mou npoodEpeL O
£€unvog BeppootdTng.

NE€erc KAswda

Internet of Things, E¢untvo Imitt, ‘E€umvog Oeppootdtng, Raspberry Pi, Mpadikd neptBaiiov
xpnotn, awobntipag Bepuokpaciag, Oepuoucstpo, on-off Beppootdatng, PID eAeyktng,
Movtéha yiwa tn Bepuikry Suvapikr Ktipiwv, RRDTool, OpenWeatherMaps, HighCharts,
Bootstrap, No-ip






Abstract

The rapidly growing research about Internet of Things has a range of applications in the
everyday modern life but one of its greatest is Smart Home. Specifically, smart thermostats
have been developed in order to offer comfort and to optimize the current thermostats.

The objective of this thesis is the development of a smart thermostat and for its
implementation a Raspberry Pi is going to be used which will allow the user to monitor and
control the temperature of his or her house via a graphical user interface (GUI) remotely.

Firstly, a thermometer was implemented with the help of a temperature sensor and a web
application was developed which will let the user to monitor a range of statistics and to
provide a weekly schedule of the wanted temperatures. Then, due to high temperatures
that are observed in Athens, it was decided that the project will continue in simulations.

The next step, was to study different thermal models which describe buildings and to model
a simple on-off thermostat and a thermostat which uses a PID controller. The simulations
that were made for the two thermostats on the models, indicated the model the most
appropriate.

Moreover, a smart algorithm has been developed and it was simulated on the model which

was chosen before. Finally, a comparison was made between the thermostats that were
modelled and then the optimization that the smart thermostat offers, was reported.

Keywords

Internet of Things, Smart Home, Smart Thermostats, Raspberry Pi, Graphical User Interface,
temperature sensor, thermometer, on-off thermostat, PID controller, Models for the Heat
Dynamics of buildings, RRDTool, OpenWeatherMaps, HighCharts, Bootstrap, No-ip






EYXAPIZTIEZ

Oa nbeha va ekppdow TIG OepUOTEPEG EUXAPLOTIEG HOU OToV KaBnynt tng OXOANC
HAgktpoAOywv  Mnyavikwv Kot  Mnxavikwv  YroAoylotwv Kol emPAEmovTa NG
OUVKEKPLUEVNG epyaciag K. EuotdBblo Tukd yla t Suvatotnto TIOU HOU TIPOCEdEPE va
aoxoAnBw pe éva toco evdladépov BEpa. Emiong, Ba Bela va Tov euXOopLOTHOW yLa ToV
TIOAUTLUO XPOVO TIOU HOU £XEL aPLEPWOEL KOl yLa TNV KaBodrnynon Kal Tig mAnpodopieg mou
Hou €xel Swoel. Téhog, Ba rBeha va €UXOPLOTHOW TNV OLKOYEVELA HOU YL TN OUVEXN
UTIOOTN PLEN TOUG.
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KEDAAAIO 1. EIXAT'QTI'H

H olUyxpovn Twn eival emnpeacpévn amd OAa Ta TEXVOAOYLKA ETIUTEVYHOTA KOl LEPO UE TN
UEpa Tapatnpeital N avamtuén VEwv TEXVOAOYLWV HE Paoclkd oTOX0 TNV amAomoinon tng
KaBnuepwng {wNG. ZeKWWVTAC amod TIC TIO ATAEG KoL PAOLKEG AVAYKEC TOU oUYXPOVOU
avBpwWIoU Kal KATAANYovToG o€ TOAUTEAEIG QVETELG, TtapaTnPoUpe OtL SlatiBevral otnv
oyopa pila HeyaAn ykaua amo mpoiovta. Kamola mopadsiypata Baclkwy avaykwy gival n
TNAEOPAON, 0 NAEKTPOVIKOG UTTOAOYLOTNC 1} akOpa Kot éva Juyeio evw ouveyilovtag o€ Lo
OUYXPOVEG OVAYKEG £ival Ta smart meters kal oL £Eunvol OgpUOOTATEG.

Mwo katw Ba avadepBoUe 0TV AVAYKN YL KATAOKEUN CUCKEUWVY OTWE TWV TILO TIAVW KOl
TNV TAON TIOU UTIAPXEL O€ QUTEG TLG TEXVOAOYLEC OrEepaL.

1.1. IIpoAoyog

O ouUyxpovog avBpwmog €xel AUENUEVEC aVAYKEC AOYwW TiepLOPLOPEVOU eAeUBEpPOU XpoOVou
KOl QUENUEVWY UTIOXPEWOCEWV KOL YLO aUTO TOo AOyo KABe OUOKEUN TIOU WMoOpel va Tov
Bonbroet oto va BeATLOTOMOLNOEL TNV KABNUEPLVOTNTA TOU £lval mpotépnua. Baolldpevol
oe autn TNV W6éa, €xouv dnuioupynBel Sladopeg ouOKeUEG Kal ePapUOYEG TIOU HE TNV
napodo Tou xpovou OSleloblouv OAO Kol TIo TOAU otnv KaBnuepwr {wn HEXPL TOU
Bewpouvtal avaykaieg. Eva aflohoyo mopadelypa TETOLAC CUOKEUNG e€lval ta  smart
meter[1] TTOU XPNOLUOTIOLOUVTAL ATO TIC OPXEC TIOPOXNG EVEPYELAC YLOL VA KOOTOAOYHOOUV
TNV evépyela avaloya HeE TNV wpa TNG HEPOC Kal tnv Tiepiodo Tou XpoOvou Kal £€ToL O
KATAVOAWTHG VA TTANPWVEL aKPLBWG TO OGO TIOU Tou avaAoyel. H ouykekpLUEVn GUOKEUN
eudavilel paydaia avantuén ta teheutaia 10 xpovia og HEYAAEG XWPEC TOU KOOKOU KAl £Va
UEPOC aUTOU odelleTal OTO OTL O XPHOTNG €XEL TN SUVATOTNTA VO EVNUEPWVETAL yla TV
KOTAVAAWGON TIOU €XeL KAVEL KAl yLo TO KOOTOo¢ Tou Ba emiPapuvBel pe amotédeopa va
umnopet va mpoomnaBbnoeL vo eEAXLOTOTIOLROEL TNV KATAVAAWGCH TOU KOl avTioTolya To KOOTOC
000 B£AeL. To TeEAKO amotéAeopa apa emwdeAn Kot SLEUKOAUVEL TOV KATAVAAWTH

Katavowvtog Aoumdy OTL elval avaykaio N KATOHOKEUT TETOLWVY TEXVOAOYLKWY CUCKEUWVY Kol
AapBavovtag umoPlv OTL ot TOAUAPLOUEC XWPEC TOU KOOUOU YXpnoLuormolouvTal
Beppootateg yla va Slatnpolv to omitt os emBupuntég Bepuokpaoieg, avamtuxbnkav ot
£€unvol Beppootarteg. H dtadopad evog £€umvou Beppootatn amod £va amlo sivat ot divel
OTOV XpNotn Hla mepetaipw eheubepia oto va mapatnpet dedopéva oAAd KUplwG OTL
Sltatnpel tnv embupuntr Bepuokpacia Tou omitol TLo otabepr Kal Ue ThV mApodo Tou
XPOVou, £XeL TV SuvatotnTa Ta pabaivel To MPOYPOUUA TOU XPrOTN Kol VO KAVEL KATIOLEG
BeAtioTonolAoelg amd POVOG TOU, WOTE VA YIVETOL OKOUA TIO OKPLREC OTLG BepUOKPAOIES
Tou eTBUpEL 0 xpriotng KABE oTLyun.

1.2.’E€umtvol OeppuooTaTeS

TNV ayopd OHMEPA UTIAPXEL ULt TIOAUTIOIKIAN yKApO amd OepUOOTATEC TOU UTOPEL va
npounBeutel o kB’ €vag ywo to omitt tou. KaBe Oeppootdatng £xet SladopeTika
XOPOKTNPLOTIKA KAl SUVATOTNTEC KOl AvaAOywE TwV SUVATOTATWY UTIAPXEL KAL TO QVTLOTOLXO
KOOTOG. Evag amd toug Tio £Eumvoug BepUooTATEG TTOU KUKAOGOpOoUV oTnv ayopd Kol
npood£pel TOAAEG Suvatotnteg oto xprnotn eivat o Nest tng etalpiag Google[2]. Qotooo av
Kol TIOAEC GMAeg etalpiec SaBitouv afloloyoug Oeppootdtsg, 6ol oL OeppooTdteg
Kupoivovtal og apketd UPNAEC TLUEG.
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H xprion Twv £Eunvwy Beppootatwy, Aoyw Twv SuvatoTTwy Tou Pooh£POuV, £XeL auénbel
paydala T6oo otn Bopelo Apeplkr 600 kot otnv Eupwrn. Kata tn didpketa tou €toug 2015,
napatnpndnke avénon katd 81% OTOV CUYKEKPLUEVO TOHEQ €VW TILO CUYKEKPLUEVA, N
avénon otn Bopelo Apeplkn Ntav 78% evw otnv Eupwnn €dtace ot 90%. Mapolo Twv
HUEYAAWV TIOCOOTWV QVANMTUENG, O APLOUWY TWV OTITIWV TIOU XPNOLpomololV €EUTIVOUG
BeppooTateg elval akOpa oAU PLKPOC Kol £ToL TIPOBAEMETAL OTL YLA TNV EMOMEVN TTEVTAETIO
Ba umapyel avénon tou mooootol Katd 54.5% avd £€tog pe amotéAeopa péEXpL to 2020 va
£xouv eykataotabei 51.1 ekatoppvpla €€unvol Beppootated.[3]

Mo KATw umapyxouv SLadopa XOPAKTNPLOTIKA TTOU UTTOPEL va €XEL Evag £EUTVOCG
Bepuootatnc:

e Aettoupyia KAlpatiopoU kal B€puavong

e Anodoxn nuepnolou n epdopadlaiou MPoypAUUATOS XPHOoTN

e  EkpdBnon kal BeAtiotonoinon mpoypalatog Xprotn

e  EAaylotomoinon KatavaAwong eVEPYELOC HE EVOELEN KOOTOUC KATAVAAWGONG
e  Xpnron Wi-Fi yla evowpATwon oTo Mpoowriko Siktuo

e  Xpnon web-app r} mobile-app yLa anopakpuopévn xprion

e Auvatotnta allayn¢ BepUokpaACiag VLA TN CUYKEKPLUEVN OTLYUN
e  Evnuépwon yla mpoPAedin Kapou

e Auvatotnta mAonynong os moAlotepa Sedopéva

¢  YMOAOYLOUOG KOOTOUG KATAVAAWONG EVEPYELAG AOYW KALULATLOMOU
e  Xpnon kwdkwv npoéofaonc yla achaAeLa

e  Evdeielg Tuxwv opoApdTwy

e  Qpaiog oxedlaouog

e  EUKOMAOC ot Xprion

‘Evag €€umvog Beppootdtng Aoutdv elval €vag ouvduaouog aodntnpwv Kal £EuTvwv
oAyopiBuwyv, oL omoiot aAAnloemidpolv petafd toug Kat pall pe v MpocPaocn oto
Stadiktuo, umopolv va mpoodEpouy PeyAAn aveon otn Kabnuepwn {wi.

Eva peloveKTnUo Twv £Eunmvwv Beppootatwy eival OTL pmopouv va unofabuicouv tnv
aodalela tou omtiol adol pmopouv eUkoAa va SextoUv emiBecelg, doov adopd TV
aodalela toug (hacking). AMOTEAECHA TWV CUYKEKPLUEVWY ETILOECEWY elval N KAoTH Tou
T(POYPAUUATOC XPrOTh Kal apa va Umopel va yvwotomnolnBel to mote Bpioketal r OxL oto
OTILTL O LOLOKTATNG.

1.3. Internet of Things (IoT)

H Slacuvéeon Sladopwv GUOLKWY OVTIKELUEVWVY HE TN BonBela NAEKTPOVLIKAC, AOYLOMLKOU
Kal aoBntipwv avadépetal wg Internet of Things (l1oT)[4]. KaBe ocuokeun kal pmopel va
Aewtoupynostl avefdptnta pe TO SIKO NG
UTIOAOYLOTIKO cUoThHa oAAQ TOUTOXPOVA UE
™ PBonbeia tou OSlabiktlou, pmopel va
EMIKOWWVNAOEL UE  omoladAmote  GAAn
OUOKeEUN Xpelaotel, omoudnmote koL av
Bploketal avt. To loT é£xeL apxioet va
avfavetal paydaia kot umoAoyiletol OTL
péxpt to 2020 Ba amaptiletat amdé 50

Ewova 1.1 - Internet of Things SLoekaTOUpOPL QVTIKELHEVOL.
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To loT, umopei va Bpel edpapuoyeg og S1adopouc TOUELS, OO TOV TOUEN TNG UYELOG LEXPL KOl
TOV TOMEQ TNG HETOKIVNONG, TOU TIEPLBAAAOVTOG KAl TOU OTLTLoU. Eva mapAdely o 0To TOUEQ
™G peTakivnong eival ta smart traffic signals[5] mou €xouv cav otdX0 Vo EAAXLOTOTIOLIGOUV
v KukAodoplakn cupdopnaon. Me tn BorBela evog KevtplkoU umtoAoylotr], KaBe PndLakoc
onuatodotne Aaupavel onuata pe mAnpodopieg omwe tn dievBbuvon kal tTn dopd KAbe
OXNHOTOG KAl KE TN XPNON SEKTWV OMTLKWV WWwv Bivteo yivovtal ot dtadopes arlayec. Ta
npwta smart traffic signals €gouv uAomolnBeil oto Pittsburgh twv HMNA kot €xouv Betika
anoteAéopara.

H edappoyr tou loT otov owKlako Topéa, avadeépstal wg smart homes, adou Sivel T
duvatotnta oc OLAdOPEC OLKIAKEC OCUOKEUEC VO EAEYXOVTOL QTIOUOKPUOHEVO KOl va
avtaAddalouv mAnpodopieg. Ou €Eumvol Bepuootdteg Aoumov eival HEPOG Twv smart homes
KalL KAVouV Xprion tng €vvolag loT.

1.4. Xx0TO¢g

Koo auTnG TG epyaciag ival n uAomoinon evog é€umvou Beppootdtn, o omoiog Ba €xet
XOUNAO KOOTOC Kal Ba mpoodEPel OPKETA ATIO TO XOPOAKTNPLOTIKA TWV EUTOPLKWV EEUTIVWV
Beppootatwy. Mo CUYKEKPLUEVA TA XAPAKTNPLOTIKA Tou Ba eival Ta €€N¢:

e  XounAo KOOTOC 0TO UALKO (YTIOAOYLOTLKO GUGTNUA KAl aloBntrpeg)

e Aswtoupyia @épuavong

o EPBSopadiaio mpoypappa xprotn: O xpriotng Ba pnopet va etoayayet TNy emBUPNTA
Bepuokpacia mou Ba BEAEL va €XeEL TO OMITL TOU OE OUYKEKPLUEVO XPOVLKA
Staotruoata. Kabe pépa tng efSoudadag pmopel va €xet SLadopeTIKO MPOYpAUUA 1
SlLadopeTikd o aplOUO XPOoVIKA SLOOTHOTA, WOTE O XPrOTNG va €XeL AN PN EAeyxo
KOl val TTpOCapLOTETAL TILO EUKOAQ OTLG ETULOULEG TOU.

e ExpaBnon mpoypdppatog xpnotn: Avamtuén aAyopiBuwv mou Ba npooapuolouy to
XPOvo Asltoupylag tng BEpUavong wote va TETUXALVETE TILo ypryopa n embuuntni
Beppokpaocia.

e JtaBepr) Bepuokpacio: H emBuunty Bepuokpaocia dev Ba déxetal StakUUAVONG
népav Twy +0.5°C .

e JUvbeoh OTO MPOCWTILKO SLKTUO TOU OTILTLOU.

e Avamtuén SLabLKTUaKNG €POPUOYNE Yla OTIOUOKPUOUEVO €AEYXO KOl TAPATAPNON
Twv Sedopévwvy.

e YnootnptEn deAtiov mpdPAeNg KapoU yLa TIG EMOMEVES 5 NUEPEG.

e Xpnon KwSLKwv mpocPaocng yLo Aoyoug aodpAleLag

e EUKoOAOG oTn Xprion

e  MuwKpOG og péyebog

MNa vo uAomownBolv ta Mo TAvVW, N gpyaocia xwpioBnke oe 4 Slakpltd UEpn Ta omoia
avoAUOVTAL TILO KATW:

e JTO TMPWTIO HEPOG, £YVve n emdoyr] Ttou KOTAANnAou UALKoU (UTtoAOYLOTIKOU
CUCTAUATOC, aLoONTAPwWY, KATY), wote va Tnpel TI¢ mpounobéoels. Adol teAsiwoe n
gmhoyn, akoAolBnoe n cuvdeopoloyia kol TEAOg 0 €Aeyxog TnG opOn¢ Asttoupyiag,
otL SnAadn amoBnkelovtal pe emttuyia o Baoelg Sedopévwv TOCO oL BepUoKPAGCLEG
tou dwpartiou, 600 Kal ol Bepuokpacieg Tou meptBaAlovTog.

e Y10 beltepo UEpOG, Snuoupyndnke €vag web server o omoilog Ba duhotevel T
Sladiktuakny edappoyn. Metd avamtuxdnke kal n epopuoyrn KatdAnla wote va
TANPEl T XOPAKTNPLOTIKA TIou TEONKaAv Tlo TAvVw, Xpnolpomolwvtag pio Bdon
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6edopévwv yla TNV amoBrikeuon TOU TPOYPAUUATOC Xprnotn kat Siadopa
Slaypapuata yio TV mapouciacn Kamowwv nAnpodopLwv.

210 Tpito HEPOG, peAeThONKav SLddopol eAeyKTEG wote va BpeBel o katdAAnAog ou
Ba umopouoe va xpnotponolnBet yla va otabepormolel ypriyopa tnv Beppokpacia
Kol TEAIKA va pnv Sivel peyaieg amokAloslg amo tnv embuuntr. Eniong, Adoyw twv
vPnAwv Beppokpactwv Tou KoAokalplol otnv ABrva kat Aoyw Tou OTL O
Beppootatng Ba mpaypatomnolel povo Asttoupyia Bépuavaong, dev Ba ntav duvatd
va Tpaypatonolnfolv MEpAPATa o payuatika dsdopéva. MNa autd to Adyo,
UeAeTnOnkav Sladopa Bepulkd HOVTEAQ OTUTIOU KOl £ylvavV TELPAHUOATA OE QUTA
TOOO yla éva anmAod Beppootatn on-off, 0o Kal yla BeplooTdTn MoU XPNOLUOTOLEL
gheykt pid. Metd to TEPAG AOUTOV QUTWY TWV TIELPAUATWY, HUOOoTOV o B€on va
£€XOUE Eva BepUOOTATN TIOU AELTOUPYEL CWOTA KOl e akpiPeLa.

210 TETAPTO HEPOG, avarmtuxOnke aAlyoplBuog o omoiog pabaivel To mMpoypaLa TOU
XpNotn He tnv mapodo Tou XPOVOou Kol €Tol Mmopel va PeATLOTOTOLROEL TO
Beppootatn. Adyw AUTAC TOU TNG yvwong, o Bepuootdtng eival oe Béon va yvwpilet
TG00 TILO YPNyopa TIPETEL VA aVOLEEL 1) va KAELoEL T B€ppavon otnv apyr Tou KAbe
SL00TUOTOG TTOU UTIAPXEL emLBupnth Beppokpacia avtiotolya. Etol, metuxaivel tTnv
emBuuntn Oepuokpaocia e peyalutepn akpifela kat xwpic kabuotepnoels . MNa tn
Aettoupyla Tou aAyopiBuou éylve mpooopolwon xpnolponolwvtag dedopéva ano
KATIOLEG KPUEG EPEG TOU XELUWVAL.
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KEDAAAIO 2. TEXNOI'NQXIA

Y& auTO to Kepahatlo avadépovtal ol Stadopeg Texvoloyleg oL omoleg peAetiOnkav kad’ OAn
™ SlapKela TNG gpyaciag. Apxikd avadepovtal Ta dtadopa UALKA mou Ba pmopovcav va
xpnotpomnotnBolv Kal HETA MeplypAdeTOL 0 OMAOG BEPUOOTATNG Kol oL SLAPOpOoL EAEYKTES
mou Ba pmopolcav va uAomotnBolv yla va BeATLOTONMOLOUV TOV BEPUOOTATN. 2T CUVEXELQ
avaAlovtal To BeppLkd HOVTEAQ omutiol Tou UEAETABNKOV Kal TEAOC yivetal pia pikpn
avadopd yLa TRV avaykn umapéng ypodlkol mepLBAAAOVTOG.

2.1. YTTIoAOYLOTIKG ZUGTI AT

MNa tnv vAomoinon tng epyaciag xpelaletal va xpnoonotnBel éva uToAoyLOTIKO cUoTNHA
omou Ba anoBnkevovtal ta dedopéva, Ba déxetal TG elo6doug kal Ba Asttoupyel oav web
server yla tnv avamtuén tng web edapuoyng. Ta Svo mio StadeSouéva UMOAOYLOTIKA
ocuotAuarta yla avantuén Stadopwv edpappoywv eivat to Arduino kat to Raspberry Pi.

To Arduino[6] elval évag single-board pikpogAektn g pe Sladopeg eLl00doug Kal e€680UG Kal
HVAKN, O omoiog umopel va mpoypappatiotel. Yrootnpilet I°C serial bus kat pins €.668wv
€€06wv, Ta omola Tou ETUTPEMOUV va cuvdEeTal e Slddopa AAAa eTUMPOocBeTa e€apTipaTa
KoL va eKTEAOUV AELTOUPYLEG TTAPAAANAQ. AKOUQ, TO TIPOYPAUUATLOTLKO TOU TtepLBAAAoV lval
QIAO Kal £TOL TPOTLUATAL OO APXAPLOUC TIPOYPUMUATIOTEG. TEAOG TO AOYLOULKO TOU Elvat
avolxtol kwdlka Kal prmopouv va PpebBolv 1nén £tolueg epyaociec i Bonbela amd TNV
KoLvotnta.

To Raspberry Pi[7] elval évag single-board umoAOyLOTAC, O OMOLOG £XEL EVOWHATWUEVN
uvAun, enefepyaotr, £l006ouc/e€660ug kal Sitadopa AGANA XOPAKTNPLOTLKA TIOU TOU
ETUTPEMOUV VA Aeltoupyel ocav OAOKANPWHEVOG UTIOAOYLOTNG KOL XpnoLUoToleital n
texvoloyia SoC(System on Chip), SnAadn 6Aa Ta anapaitnta otolxela eival eEVoWHATWUEVA
oto 6lo chip. Onwg kot oto Arduino, To AOYLOMLKO €lval avolyTol KwOLKA Kol UTIAPXEL
HeyaAn umootnplEn amd tv kowotnta. H dtadopormnoinon avapeoa ota dVo, ival OTL To
Raspberry Pi £xeL Aettoupylké oUOTNUO Kol PEYOAUTEPN UTIOAOYLOTIKN LoXU TIOU TOU
ETUTPENEL VO UAOTTOLEL peyaAuTepnG OAUTIAOKOTNTAG projects kaBwg Unopel va cuvdeBel oe
006vn Kal o MANKTPOAOYLO.

AOYW TNG TTOAUTTAOKOTNTAG TNG LAOTIOlNoNG eVOg £EuTtvou Beppootatn, ival KataAAnAotepn
n xpnon tou Raspberry Pi. tnv ayopd umndpyouv Slabéoipa Siadopa poviéda, Ta omnoia
Sladopomolovvtal  oTa  XOPAKTNPLOTIKA Asttoupyiog toug. Kamowa amd autd Ta
XOPOKTNPLOTIKA £lvVaL T TILO KATW:

e Tayxutnta Kkat MupnRveg Tou enetepyaotn

e  MéyegBog pviung (SDRAM)

e AplBuodg USB ports

e 'E€obol Bivteo

e  MéyeBog pvnung yla amobrkeuvon dedopévwv
e Tpomog ouvdeong oto Sladiktuo

e AplBudc GPIO (General Purpose Input Output)
e Kootog ayopdg

Yuykpivovtag ta Stadopa HOVTEAD KoL TA XAPAKTNPLOTIKA TOUG, EMIAEYNKE yLa TNV gpyacia
To Raspberry Pi 2.
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2.2. AloOnpeg Oeppokpaciog

TNV ayopd UTTAPXEL pLa TIOAD HEYAAN YKAUO OO aoBnThpes BEpUOKPACLOG TTIOU UTOPOUV
va xpnotpomnotnBouv. Kabe aloBntripag xapoktnpiletal and to Upog BepUOKPACLWY TIOU
UIOpEl va LETPNOEL, amo TNV akpifela mou mpoadEpet kat amd to (6o tng e€66ou. Ta Suo
€(6n €£06wv ou uTtdpyouv elvat n avaioyikn Kat n YnoLakn.

Jtn mapoloa epyaocia, Ba xpnolwpomoinbei to Raspberry Pi 2 1o omoio &sv €xel
evowpatwuévo Analog to Digital Convertor (ADC) kat yla auto to Adyo Ba xpnotpomnolnBet
Kamolog atobntrpag mou mopayel Pnolakn £€0do. O aoBNTAPAC MOU ETUAEYNKE TEALKA
gival o DS18B20 tnc¢ etatpiac Dallas Semiconductor, o omolog xpnoLuomolel Kal Texvoloyia
1-wire.

2.2.1. 1-wire

To 1-wire[8] elval éva cluoTnua SLAUAOU ETLKOLVWVLOG CUCKEUWYV TO OTolo €xeL oxedlaotel
and tnv etatpia Dallas Semiconductor Corp kat mpoodépel xaunAng toxutntag dedopéva,
onuavon Kat e€oucia mMavw amno Povo &va onpa, JE amoTéAsoua va Asttoupyel oav to 12C
oAA  yla xapnAdtepo pubud Sebopévwv  Kal peyoAUtepo €UpoG. To  KUpPLOTEPO
XOPOKTNPLOTIKO TNG OUYKEKPLUEVNC TexvoAoylag eival n Suvatotnta xprong Hovo Twv
KoAwSiwv twv O6eSopévwyv Kol TNG yelwong. MNa va emrtuxel auth tn duvatdtnta,
XpnoLuonoleital évag mukvwtng 800pF yla va amobnkelel To dpoptio kal yia va tpododotel
TN OUOKEUN O€ MEPLOSOUG IOV N YPA PN SeSopévwy lval avevepyn).

Avaloya pe TNV Aswtoupyia, ol ouokeuég 1-wire elval SlaBéolpeg oav €va PEUOVWUEVO
gfaptnua r os dopntr popdn mou ovopdletal iButton kot poldlel e unotapio pohoylou.
AKOLOL UTLAPYOUV KalL TILO TIOAUTIAOKEG CUCKEUEC TTIOU XpNOLUOTIoLoUV SlauAo emikowvwviag 1-
wire. H Staclvdeon dladopwv cuokeuwv 1-wire, umopel va. SnULoupyrnoeL KATOLo cUoTNHA
alobntpwy, 6mou n kaBe cuokeur Ba mepAapBAveL OAN TV AOYLKN TIOU ATOLTELTAL YLO Vol
xpnotgorotnost tov 1-wire &laulo. OAec oL CUOKEUEC MmopoUV va cuvdeBolv otov
NAEKTPOVLKO UTIOAOYLOTN HEOW eVOG petatpornéa SlavAou 1 amnsubeiag o UkpoeAekTéG. To
Siktuo mou Snuioupyeital amd AUTEC TLC CUOKEUEG KOl XPNOLUOTOLEL TNV plo cav KUpla
(master) cuokeun, ovopaletal MicroLan.

Ye KaBe MicroLan o master eival £(te 0 NAEKTPOVLKOC UTIOAOYLOTAG E(TE O UIKPOEAEKTNC Kall
elval o unevBuvog yla tn Spactnpldotnta oto SiauAo, 6mou pnopolv va cuvieBoUv TOAAEG
OUOKEUEC. la TNV Tautonoinon tg kK&Be CUOKEUNG XpnoLUoToLeital £vag 64-bit oelplakdg
0pLOUOC Kal prmopolV val aviXveUoVTOL €W Kal 75 CUOKEUEC ava SeuTEPOAETTO. AKOUQ,
KABe ouokeun MPENEL va xpnotuornolel pa pullup avtiotaon, yla va avePdlel Tnv taon oto
Slaudo ota 3 ) 5Volts ) kal yla va Tng mapéxeL Loyv.

Ma va oapylosl n dtadikaoia emkowvwviag, otéAvel o master €va TaAuo reset ota OVolts
Slapkelag 480us mpog 6Aoug toug slaves kal petd dool slaves B€louv va Seifouv tnv
napouacia touc, otédvouv éva maApd ota OVolts yla 60ys. Itnv mepintwon mou o master
B€AeL va oteidel «1», xpnowuomolel éva moApo Sidpketog 1-15us ota 0Volts, evw otav B€AeL
va oteilel «0» xpnotpomnotel maApd dwdpketag 60us ota OVolts. Ot slaves avtihappdavovtol
TNV MTWon tou MoApoU petd amd 30us ota OVolts. Mo tnv mepimtwon mou o master

20



Aappavel dedopgva, otélvel 1-15us maApuo ota 0Volts yiwa va Eekivrjoel To kaBe bit. Av to
amooteAAOUEevo bit elval «1» ToTte 0 master dev Kavel Timota Kol o diauAog tibetal o tdon
gvw av elval «0» n ypoppn dedopévwy tiBetal ota OVolts yia 60us.

Mo katw dpaivovral mapadelyaTa TWV Lo TTAVW TIOAUWVY:

Write 1 \ Waveform Legend
H
- A B » ::ss-:;r pull-up
Write 0 \ — Slave
c 0 !
Read :
\ b g /
— E : F -
)
Reset E— —\ /7—
! Master
! ‘.....--""Sunple
Dl P | p—— I ——»)
Letter A B C D E F G H | J
Time(us) 6 64 60 10 9 55 0 480 70 410

Ewkova 2.1 — NoaApot 1-wie

2.3. OepOCTATEG

O Bepuootdatng[9] elval pla cuokeun avixveuong Beppokpaciag KATIOLOU GUCTHUATOC Kol
£XEL WC OKOMO TN dlaTnpnon ToUu CUCTHUOTOG OE HLO CUYKEKPLUEVN Beppokpaocia, To
setpoint. Na va TETUXEL TO OKOMO TOU O BOepUOOTATNG QVOLYOKAEIVEL KATIOLM OUOKEUN
Bppavonc i Puéng n pubuilel tn pon Bepuotntag. OL BepUooTATEC £XOUV EUPELA XPrioNn Kol
umopouv va Bpebolv oe cuotnpata BEpuavong Kol KALLATIOHoU, o polpvoug koulivag Kot
oto Yuyeio.

Ye £va BepUOOTATN, UTIAPXOUV EVOWUOTWHEVOL aLoBNTAPES yLa TNV HETPNON TNG OKPLROUC
Beppokpaociog ylo va propel va yivel n oclykplon pe tnv entBupnth. Qotooo, n xprnon tng
Bépuavonc | Tou KAWMOTIOpHOU Oev ylvetal avaloylkd pe tnv Sadopd Ttwv Svo
Beppokpactwyv oMA Asttoupyel pe TMANPeg doptio HEXPL va METUXEL TNV emBupnth
Beppokpaocia Kol PETA oTapatd va Asttoupyel. AkOpa, TTOAAEG dOPEG UTIAPXEL OPLO OTN
ocuxvotnta oAlaync katdotaong on/off twv cuoksuwv B£puovong Kol KALLATIOHOU Tou
gAéyxouv, oUTWG WOTE va PNV tpokAnOetl kamota {nuLa.

MNa tnv aviyveuon tng Oepuokpaociag, kabe BOeppootdtng UmMopsl va Xpnolpomolel
Sladopetikd alcOntrpa. Kamoleg texvoloyiec alobntrpwy mou XpnoLUOToLoUVTOL CHUEPA
glval ot SwuetaMikol pnyxavikoi 1 nAektpikol aoONTpPeg, oL SLAOTEAANOUEVEC TIAAETEG
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KEPLOU, TO NAEKTPOVIKA OepuioTop KAl Ol OCUOCKEUEG NULAYWYWV KOL T NAEKTPLKA
Beppolevyn.

Ot Swpetalikol pnyavikoi Beppootateg xpnolponololvtal cuvibwg O CUCTAUATA TIOU
adopolV MPOCNUO VEPO KOl KEVIPLKA CUCTAHATA BEpUavaong mou XpnoLuomnolouv atud. Me
KaBapa pUNXoVLKO TPOTIO, AVIXVEVUETAL O OTHOC R To {E0TO vePO Tou Kalopldép Kal puBuileTal
KataAAnAa n pon.

OL unxoavikol Beppootdteg MAAETAG KEPLOU, XPNOLUOMOLOUVTAL OTNV QUTOKLVNTORLopNnXavio
yla va dtatnprioouv otabepn tn Beppokpaocia TG pnxavnec. Méoa og éva Balapo umapyet
pia mMoA€Ta KeploU n omola SLACTEAAETAL Kal ALWVEL O pia OUYKEKPLUEVN Beppokpaocia.
Otav autn n Beppokpaocia Eenepaotel, autnh n dtaotoln Tou BaAdpou mpokaAel kivnon pLag
paBdou mou avolyel pLa BaABida kal eEAEyXEL TO KUKAWMA KALLATIOMOU TNG UnXavic. Eniong,
Ol OUYKEKPLUEVOL BepHUOCTATEG XpnoLpomololvtal o Beppootatikeég BaABideg piéng, ot
ormolieg elval umeuBuveg yLa Tov €Aeyxo UiENG Tou {eotol Kal KpUoU VePOU.

Ot Sipetalikol nAekTplkol OePUOOTATEG XPNOLUOTIOLOUVTAL Yl CUCTAHATO KEVIPLKOU
KALLOTIOHOU HE VEPO KOl OTHO. XPNOLUOTOLWVTOG TN OLOOTOAN 2 UETAMWY HETPOUV Th
Beppokpaocia Tou aépa kot amodacilouv av to cloTnUa Ba MPEMEL va elval avolyxto n
KAELOTO. TUTUKA, TO cUOTNUO €lval O Kataotaon Asttoupylog otav n Bepuokpaocia aépa
and tov alehnTipa elval ULKPOTEPN TNG €MBUUNTAG, €VW TO OUCTNUO OTOHATAEL Vo
Aettoupyel otav Eenepaotel n emBuuntr Bepuokpacia. QoTG00, TO CUYKEKPLUEVO CUOTNHA
Aettoupyel pe votépnon Kamowwv Babuwyv waote va pnv yivetal untepPoAikd avolyokAsiolpo
To ouotnuatog. Mo oulyxpovol BepUOOTATEG, aVTLKATEOTNOAV T O6U0 UETAAAQ TIOU
XPNOLUOTIOLOUVTAY yLa TNV avixveuon Bepuokpaociag agpa e NAEKTPOVIKOUG alobnThipec.

Mo ouyxpovol Beppootateg eival ol Pndlakoi, oL omoiol xpnolpomnolovv Bepuiotop 1
CUCKEUEG NULOyWYwWV yla TNV PETpnon tng Beppokpaociac. Emiong mapéxouv ouvnbwe pia
0080vn omou umapxel £véelén tng Bepuokpaociag dwuatiov kal Stadpopwv GAAWY pubuloswv
Tou propet va eAéy€el o xprotng. H cuvexng avamtuén twv Beppootatwy €xel emLdEPEL TNV
KOTAOKEUN Tipoypappati{Opevwy Beppootatwyv OMou O XPNOoTNG HMopsl va elodayel
KATIOLOU G KAVOVEG YLa TNV AelToupyela NG BEpUavong i ToU KALLATLOMOU.

2.4. Oswpia EAfyxov

O eAeyktng[10] (Cotrollers) gival pla cuokeur os popdn UKPOETEEEPYOOTH 1 UTIOAOYLOTH N
omoia, mapakohouBel kal alolwvel GUCIKA TG cuvBrnKkeg Asttoupylag evog Suvoptkou
cuoTAUatog. To clotnua SEXETAL KATIOLEG £L00S0UG, input variables, oL onoieg emnpedlouv
TV TpEYoUoa Kataotacn Asttoupyiag adol petafallouv Kamoleg AAAEG PETABANTEC TOU
CUCTAUATOC, TIG output variables.

Ta cuotAuata pnopolv va xwplotolv os SUo Katnyopieg: Avolktou Bpoxou (Open-Loop)
kot KAelotol Bpoyou (Closed-Loop).

Ta cuotApata avolktol Bpoxou xapaktnpilovtal and tnv pn avatpodpodotnon dedopévwv
Tiow oTov €AeyKTA HETA TNV emidpach tou. AnAadn, pla petaPAntrh elo6dou Sivetal otov
g\eyKTn Katl ouTtog anodacilel pe mold Tpomo Ba emnpedosl to cuotnua. H petofoln avth
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TOU OUOCTNHOTOG TIOU TIPOKAAECE O €Aeyktng, aAAalel tnv petaBAntr mou O£€Aoupe va
XELPLOTOUUE. MapAdelypo eVOC TETOLOU GUOTIUATOC UITOPEL val elval n mopakoAouBbnon tng
TANPOTNTOG VOGS Swatiou.

Ta cuotuata KAslotoU Bpodxou mapakoAouBolv cuvexwg tnv petaBAntr mou B£Aouv va
ghéyfouv koL TNV ouykpivouv pe tn petaBAnt) avadopdg (reference variable). To
amoTEAEOTUA TNC oUYKPLONG aUTAG KaBopilel To mwg Ba petaBAnBel n mpwtn wote va ptdoel
otn TR ™G HeTaPAnTAG avadopds. Avadepopoote otn TN TNG €000V WG X Kal oTN
uetaBAntn avadopdg wg w. H dtadopad w-x eival n andkAlon-odalpa kot avadEpeTal wg e.
Eniong umapyet kat n petapAnti mopepBoAn z, n omoila ival 6AoL oL MOPAYOVIEG TOU
UITOpOoUV va PeTaBdAouv tTnv x Kal Bpiokovial oto cUoTna.

z W ——=|

L. 1
Xe—> 1 2 — X3

y X y
Fig. 1-2 Block diagram of an open-loop control system (general)

2

1 Controlling equipment (open-loop control function) 2
2 Controlled system
Xe Input variable (control variable) Fig. 1-6 Control loop (general)

Xa Output variable
y Manipulated variable

Controlling equipment
z Interference variable g equip

Controlled system

Reference variable (setpoint)
Controlled variable (actual value)
Manipulated variable
Interference variable(s)

Ewkova 2.2 — (Aplotepd) Open-Loop Control System
(Ag€1a) Closed-Loop Control System

N< x £ N =

‘Eva am\o mapdadelypa ocuotnpatog KAeloTtol Bpdyou Umopel va eival n otaBepomnoinon tng
Beppokpaociag evog dwuatiou. Kabe dopd 6Sivetal cav eicodo¢ x n Bepuokpoaocia tou
SwuaTtiou Kal cuykpivetal pe TV erBupntr) Bepuokpacia w, urtohoyilovtag £€ToL TV TLUN e.
Itnv meplmtwon nou e=0, dev xpeldletal va yivel kopia petafoAny amd tov eAeyKTn, OTn
neplnmtwon mou e>0 (w>X) MPENeL 0 eAeykTN¢ va avolel th Bépuavon evw avtibeta otn
nepintwon mou e<0 (w<x), o eAeyKTNG MPEMEL va KAelosl Tn Bépuavon. Auti n anddaon
EVOWUOTWVETAL OTNV KETABANTA y, n onola odnyeital oto cuotnua B£pUavong yla va KAvel
TN owotn Asttoupyia.

Ta cuotuato kAelotol Bpoxou xwpilovtal os U0 KOTAOTACELS AeLToUpylag: TNV otabepn
Kataotaon Aettoupyiag (steady-state condition) 6mou n petaBAnti eloddou eival ton pe tnv
gmBupuntn, Kat tTnv Suvapikn Asttoupyio. H Suvaplkny Asttoupyia ival n katdotaon Omou
UTIAPXEL O EAEYKTAG aVTLOPA UE £VA CUYKEKPLUEVO TPOTIO Oe KATola HeTtafoAn, SnAadn Kavel
uia Suvaputkn amokpion(dynamic response).

Ta cuotipata nmou Ba avadepBolv oTNV CUYKEKPLUEVN gpyoaoia, sival cuoThpata KAeloToU
Bpoxou.

To eleyxOuevo clotnua, €ivol TO oUOTNUA TO OMOLO EAEyXeTOL QMO TOV €AEYKTH Kol
Xwpiletatl oe dVo katnyopie. H mpwtn elval ta pn autosheyxoueva cuotiuata(non-self-
regulating  controlled systems) 1 un  otatkd(astatic) A olokAnpwpéva
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ovotnuata(lntegralSystems). H  &eltepn  katnyopia elval  Tta  aUTOEAEyXOUEVA
ouvotnuata(self-regulating  controlled systems) 1 ototka(static) 1 avoloylka
ouotnuata(proportional systems).

JTn MPWTN Katnyopia evtdooovtal Ta cuothpata ou §gv umopouv va Bpeboulv os o véa
otabepr KATAOTAON, €AV TILO TPLV ATIOKALVOY Omd TV otabepr) Katdotacn mou ntav. Mo
TapASELya, UTIAPXEL EVOC KOUBAG UE VEPO TTOU XAVEL KOl YEULIEL PE TOV 18L0 pUBO VEPO Kol
apa Bploketal os otabepry Katdotoon. ITn TEPUTTWON TOU O PUBUOC €L0pPonG VEPOU
auénBel, To vepo oto kouBa Ba apyioel va auEdvetal Kol LETA TO MEPOC KATIOLOU XPOVIKOU
Slaotriuatog Ba umapxeL UTtEpXEiAlon.

ITa aUTOoeAeyyOUeva cuoTAMATA, N METAPBANTA X TAvta Teivel va ¢tdcel oe pila véa
katdotaon, adou Lo npLv £xet SexBel pa Stadopa Ay. MNa mapddelyua, elvatl yvwoto otL av
to y Sextel pia petaPoln ton pe +1, To x TOTE AUENBEL Katd +2. ETOL av o€ KAToLla AAAn
OTLYMN UTtApEeL pLeTaBOAn TOU Yy KOTA +3, QVAUEVOUE OTL TO X Ba auénBel katd +6. H oxéon
Twv SUo petafAntwv ovopdletal amokplon otabeprg Katdotaong(steady-state response)
otav elpaocte oeg otabeprny katdotaon Asttoupyiag. Opiletal emiong O OUVTEAEOTNG
uetadopdg (transfer coefficient) wg K = i—i =tg,. H xopaktnplotikr mopdotaon
OVOUATETAL XOPAKTNPLOTIKY OTABEPNG KATAOTAONG TOU €AEYXOLEVOU CUCTHMATOG (steady-
state characteristic of the controlled system) 1n xapaktnplotikrp eAéyxou (control
characteristic) kaL ¢aivetal otnv ekova 2.3. Eival onpaviikd va onuewBei otL tétola
cuotnuata otn ¢uon elval onavia adou dev mopatnpeitol cuxva auTh N YPAUUIKOTNTA
(m.x. av B€houpe va eAéyEou e Beppokpaaoia, €XeL LN YPAUULKA cupTepldopd).

X

°c b)
22
Ay /I/ ?
20 —
AX
18 — tc-l_u ]
I

16 ! I I -

0 1 2 3 [Stufe]

0 50 100 [%] 8325
Fig. 2-5 Control characteristic of the electric room heater as per Fig. 2-3

a) 3-position control
b) Infinitely variable control

Ewkova 2.2 - X0pOKTNPLOTIKA oTAOEPNC KATAOTOONG TOU EAEYXOLEVOU GUOTHUOTOG

YTn mepintwon nmou avodpepOUAoTE 0TN SUVOULKT ATIOKPLON AUTOEAEYXOUEVWY CUCTNUATWY,
ovadepOUOOTE OTN XPOVLKN KaBuoTtépnon mou udiotatal péxpL n HetafAnt) x va GTAosL
otnv enbupnt Tun. H xpoviki auth kabuotépnon odeiletal os amobrkeuon evépyelag
otn popdn BepuUIKnC amOKPLONG OTA KOTOLOKEUAOTIKA HEPN OTwe ival ol BaABideg kal n
palo twv aywywyv. Kamowo mapadeiypata anobnkeuong evépyelag sival n Béppavon tou
vepoU péoa os eva AéBnta kot n Béppavon tou Swuotiou amno to kahopldp. Oco o moAG
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otolxela amobrikeuong umapyouv os éva ocUOTNUO, TOOO TILO TEPLMAOKO yivetal. Ma tnv
afloAdynon ¢ SUVAULKAG amokpLong, Umopel va xpnotpomolnBei n péBodog péow TNG
Bnuatikng amokplong. Mvwpilovtag OtL n petafAntr y mapéxel mAnpodopieg ylo tnv
QTOKPLON TOU CUCTAMOTOC WG MPOG TO onUeio avadopdg KaL n X ylo TNV OmOKPLon Tou
OUGCTNHATOC, WTOPOUE VO UETABAANOUE TN TLUNA TOU Y PE piot BnUATLKA ouVAPTNON KoL va
AaBoupe pia PRUOTIKA QmOKELON yLol To wG Ba emnpeaoctel to cvotnua. H pébodog tng
BnuatikAg amokplong ¢aivetal otnv lkova 2.4,
y

[%0]

100 - -———-—-

Ay =Yy

[C]
40

Ax

t

B32-13

Fig. 2-15 Determining the delay time Ty and balancing time T, of a multiple storage element system

P Inflexion point
Ty Delay time
Ty Balancing time

Ewkova 2.3 - EAeyXOEVO GUCTNA HE VEKPO XPOVO KaL OTOLXEla amoBrikeuong

Nekpog xpovog (dead time) eival o xpovog mou pecolafel xwplc kamola petaBoAr tou
OUCTAUATOC, YLOTL TOo gAeyyxOpevo clOTNUA Bploketal kAmola oamdotacn HOKPLd omd To
onueio edbappoyng TG LETAPANTAC Y. TUCTUATO TIOU UIMOPEL VAl EUMEPLEXOUV VEKPO XPOVO
uropet va eivat po BaABida mou eAéyyel T por) vepol ot pia Sefapevn, n omola Bploketal
pakpla oamd tnv BaABida kal to vepd TpEmel va SlavUoel KATIOlA AOOTOON UECO OF
OWANVWOELG. H TLn Tou vekpoU Xpodvou e€aptdtal amo Ty anootoch auth. [1B]

2.5. EAgyKTéG

H Aettoupyia evoc eAeyktn gival va LeTaBAAAEL QUTOMATO TN TLUN KETABANTAG Y, N omoia Ba
enMnpedoel tnv Sadopd e mou €xel dnpoupyndel avdpeoa otnv embuuntn TIUAR KoL otV
LA avodopdg amo KAmolo eEwteplkd mapdyovta. Ma pia Tétolo Asttoupyia, o €AEyKTAG
XPELATETOL VO £XEL KATIOLO 0LOONTHPA YLOL VAL LETPAEL GUVEXELQ TNV TLUA TG HETAPANTAC TTOU
BENoupe vor EAEYYXOUE KOL VAL TNV CUYKPIVEL OUVEXWG HE TN PeToPAnT avodopds wote va
KAVEL TIG amapaitnTeg eVEPYELEC yLO va UNSeVIoTEL TO opAApa avapeca o€ aUTEC TG SUo
TLUEC.

Ol eAeyKTEC UmopoULV va KatnyoplonotnBouv og opddeg avaloya Ue:
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e TNV edapuoyn nou Ba xpnolponotnBouv
®  TOV TUTIO TNG EAEYXOMEVNG LETAPBANTAG X
e 1N BonBntikn evépyela mou xpetaletot

e TNV evepyo dlevbuvon

e TN yetaBAntr eAéyxou y

e TN XOPOAKTNPLOTIKI amOKPLONG

H katnyopia mou adopd Tov TUTIO TNG EAEYXOUEVNG HETABANTNC X Aettoupyel wg €€NG: Av n
gheyxopevn wetaBAntn yia mapadelypa eivat Bgpuokpaciag, OmMwe KoL otnv MEPLTTWON HOG,
TIPEMEL va XpnolpomnolnBei évag eAeyktrg Bepuokpaciag evw av amalteital vo eAeYKTEL N
vypaocia, Ba mpénel va xpnoLponoln el eAeyktr g uypaociag Kok.

H katnyopla BonBbntikng evépyelag xwpiletal oe U0 UTIOKATNYOPLEG: OTOUG EAEYKTEG TIOU
AettoupyoUv anod povol toug (self-actuated controllers) kat otoug eAeyKTEG TTOU XpeLdlovtal
emunpooBbetn evépyela (powered controllers). Ztnv mpwtn UTOKATNYOpla EvtacoovTal oL
€AEYKTEC TIOU XPNOLLOTIOLOUV TNV EVEPYELA ATIO TOV UNXOVIOUO HETPNONG TNG EAEYXOMEVNG
petaPAntng(my. awobntnpag) ywa va AELToupyroouv To €AeyXOpevo olotnua. TETolol
e\eyKTEC ouvnOwWC XpnoLomoLolVTaL yla HETPnon Beppokpaciag Kal mieong. Itnv SeUTepn
UTIOKOLTNYOPLa. EVTACOOVTAL OL EAEYKTEG TIOU SEV UIMOPOUV VA OVTAN|OOUV OPKETK EVEPYEL
and TOV UNXOVLOUO UETPNONG TNG EAEYXOUEVNG UETAPANTAC KaLl XPeLAlovTal EMUTPOOHETN
gvépyela yla va gAéyéouv To oclotnua. Avaloya pe to €ld0¢ TNG emMPOoOeTng evépyeLag
TIOU XPNOLUOTIOLOUV auUTOL oL €AeyKTEG, Slakpivovtal o NAEKTPLKOUC, TIVEUMATIKOUG,
USPAUALKOUC, KATT.

Avaloya, Kol n katnyoplo mou oxetiletal pe tn UeTaPAnti eAéyxou xwpiletal oe Tpeic
UTIoKaTNyopieg avaloya pe to eidog Tou onpatog e€66ou:

e JuvexoUg Aettoupyiag eleyktég (Continuous-action controllers): YmoAoyilouv
ouvexw¢ tnv Sladopd e Kal UImopouv Vol XPNOLUOTIOLCOUV OMOoLaSATIOTE TLUA
urmopel va AdBel n petapAnty y yla va enavadépouv To cUotnuo otn otabepn
Kataotaon.

e Alakomrtopevng Asttoupyiag eheyktég (Discontinuous-action controllers): Mmopouv
Va XPNOLUOTIOLi 00UV LOVO CUYKEKPLUEVEG TIUEC TNG METOPANTAC Y. Mo Tapadelypa n
£€060¢ Tou gleykTr pmopet va gival povo 01 1, SnAadry ON/OFF.

e Hpunouvexouevol eleyktéc (Quasi-continuous controllers): H TR tou onpatog
£€060U pmopel va €xelL omoladnToTe TN Uropel va AdBel aAAd n ocuxvotnTa pE ThV
omoia Ba AapPavetal n anodaon £xel pia pokaboplopévn Tiun. Eva mapddsypa
glval oL gleyktég SUO KATAOTACEWV E CUYKEKPLUEVO TIAATOC TtoApoU (Ton/Toff =
0..100%).

‘Evag eAeyktng mpenel va AdBeL amodaon yla To mdco yprnyopa, Kotd mdcoo Kal yla moco Ba
TPETEL VO HETOPAAEL TN AslToupyla TOU GUOTAMATOC EAEYXOU YLlO VO OVTLUETWITIOEL Wi
Sladopad e. Mo va meplypadel autn n Asttoupyia xpnolponoLeital n otabepng KATACTACNG
Kol N SUVAULKAC KATAOTOONG OmOKPLoN. TNV amoKpLlon otabepnc Katdotaong avadEpeTal n
OX£0N OVAUECO OTIC UETABANTEG X Kol y Kal opiletal o ouvteheotn¢ petadopdg (transfer
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coefficient) wg Kz = 2—1. Ztn Suvaplkn anokplon neplypadetal n tpoodog tng LeTaPANTAG Y

o€ oX£0N LE TO XPpOVO O TEPLTTTWON TIOU UTIAPXEL LETABOAN TNG LeTOPANTAG X. [1B]

2.5.1. EAeykti|g P

O P gAgYKTNC €XEL OQV XAPAKTNPLOTIKO TNV YPOLLK OXEGN OVAUESA OTIC HETABANTEG X 1) e
Kat y, SnAadn kabe petaPAnti elcodou €xel pia otabepn Kal mpokabBoplopevn avtiotolxn
T yia T petaPAnth eAéyxou. Emiong elval e€aptnuévog ano to ¢optio (load-dependent)
adou yla va EeKIVAoEL va AsiToupyel TipEmel va SnuioupynBel pia cuykekplpévn dladopa e,
SnAadn va petaPAnBel n elcodog Katd pila oUYKEKPLUEVN TLUR. AUt Tou N €€dptnon amno
NV €l00d0 ToV KaBLOTA aKAaTtAAANAO va XpnoLpomoLeital HévVog Tou, OTn MEPIMTWON AUTAC
™¢ gpyaociag, apol Ba meplpével va dnuoupynBel Stadopd yla va mApeL TO cUCTNUA OF
otaBepn Kataotaon.

2tn otaBepn katdotaon ¢aivetal n oxéon avapeod otig LeTABANTEG €€060U Kal eAéyyou
(ewkova 3.5). To Yh avtimpoowrneUel To €UPOC TLUWV TNG MeTABANTAC €660V evw TO Xp
QVTLITPOOWTEVEL TO EUPOC OTO OMOL0 0 gAEYKTHG Ba £xel petaPAntr cuunepipopd, SnAadn
oto onolo Bewpeitat avektd to odpaAipa. H Tiun tou Xp kabopilel To moco kaAn Ba sival n
oupmneplpopd Tou eAeyktr adol 600 TLO UIKPO elval, TG00 TLo ypriyopa Ba £pxetal To
ocloTnUa os otabepr) katdotaon. Mpémnel oUW va Slvetal peydAn Tpoooxr otn TLUn mou Ba
600el oto Xp adou 600 Mo PLKPO €lval, TOCO To PeyaAn gival n mBavotnta to cuoTNHA Va

, . . . , , A Y
ToAavtwvetal. AKOua, TIOAU €UKoAa umopoupe va amodeifoupe ot Kp = A—z = X—h =
p
100% 1 1
—_— — KP = —
Xp Xp Xp
vi
Xp KP = A—y
% AX
100 — g\~~~ —————1 B
\\ﬁ_ -
50 P Yh
LY
Ay AY
0 T i AW - X
0 185 200 215 em
-
100 % ?w 0% B33-6

Fig. 3-7 Steady-state characteristic and P-band of the P-controller as per Fig. 3-5

Ax  Controlled variable change
Ay Manipulated variable change
X, Proportional band

Yy Positioning range

Ke Transfer coefficient

Q Load

P Offset

Ewkova 2.4 — X0 pOKTNPLOTLIKA oTabepnc Katdotoong eAeyktn P

H Suvaplikr amdkplon tou eheyktn P, umopseil va e€etaotel pe tn Bnuotikn amokpion. Mo pia
petaBoln tng HeTaBAnTig X, n €€0do¢ tou eleykth Ba e€aptnBel o000 amd to péyebog tng
peTtaBANTAC 600 Kat arnod tnv T tou Kp kat dpa avtiotolya amo to Xp. o mapddelyua, ov
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SnuoupynBet pia petafoln Ax kal to Xp=100%, tote n £€060¢ Ba £xeL petafoln Ay=Ax. Itn

nepintwon Opwg mou ritav Xp=50%=0.5, 1ote n €§0d0¢ Ba £xel petafoln Ay = 3—’; = 2A,.

ATO Tn XOPOKTNPLOTIKA TNG OUVOWLKAG OmoKPNnong, MMOpPoUHE va €EAYOUUE TO
oupnepacpaTa OTL 0 eAeyKTAG P eival e€aptnuévog amo 1o doptio Adyw TNG YPAUMULKNG TOU
LSLOTNTOG KoL OTL elval Evog ypryopog EAEYKTAG.

‘Evat GAAO XOPOKTNPLOTIKO TOU CUYKEKPLUEVOU €AEYKTN €lval OTL UMopel va LETATOTMLOTEL TO
onuelo avadopdg, dnAadn To setpoint va pnv Bploketal oTo HECO TNG TEPLOXNG TIou Ba
TIOPOUGCLALEL TN YPAULKS CUUTEPLDOPA. ITNV EIKOVA 2.5 yio tapddelypa mou BplokeTal oTo
Héoo, To offset elval ioo pe 50% evw oe GANeg MepUTTWOELS Ba umopoloE va elval akopa Kol
0% 1 100%. [1B]

21N CUYKEKPLUEVN epyaocia, Ba xpnotluomnolnBel évag eAeyktng P Adyw TOU XOpAKTNPLOTLKOU
TOU OTL lval ypriyopog. OswpnBnke To setpoint w OTL elval n Bepuokpacia mou embupel o
XPNOTNC VA €XEL TN OCUYKEKPLUEVN XPOVLIKN OTLYHH, TO X N BEPLLOKPACLO TIOU LETPLETAL ATIO TOV
aLobnTPa KAl To y N TLUN Tou Ba eA€éyxeL To XpOVo Asttoupylag tng BEpuavong. 2tn otabepn
katdotaon omou e=0, BewpoUpe OTL 0 KUKAOG Asltoupyiag tng B€puavong Ba mpénel va
glval Ton=Toff=0,5Ttotal Kol dpa y=0,5 evw TUAEYNKE OTL N YPAUMLKN TIEPLOXN TOU €AeyKTA Oa
elval +2 BaBuolg keholou amod to setpoint kat apa to offset eival (oo pe 50%. Tehkd, Ba
dTioytel évag eAeykTng TOU avaloya Ue To opAaApa Kol apa e Tn Bepuokpaocia Swuatiou,
Ba eAéyyel To OO0 XpOvo Ba mpEMeL va elvatl avolyTr 1 KAeLotn n B€puavon.

AdoU Aoumov to Xp opiletal wg To €UPOC OTO OTMolo O €AEyKTAG Ba €XEL YPOUULKN
cupmneplpopd Kol oploTnke OTL N YPAUULIKA TEPLOX) TOu eAeykth Ba elval +2 PBabuoug

keholou amo to setpoint, tote Ba LoxVeL 6TL X, = 4 = K, = 0.25. H xapaktnplotikr Aoutdv
TIoU Ba MPEMEL val €XEL 0 EAEYKTHG daiveTal oTnV KOV 2.6.

P Controller

100%

variabley

50%

-4 -3 -2 -1 0 1 2 3 4

error(e=w-x)

Ewkova 2.5 - XapaKTnpLoTikn eAeykTh P
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H cuvdptnon Aoutdv tou gleyktr P ou Ba xpnotuomnotnOei eivat:

0, e < —2
y =1K, *e + 0.5, —2<e<?2
1, e>2

Zxéon 2.1 — E¢lowon gAeyktn P

2.5.2. EAeyktig 1

O eAeyktng | (I controller rj integral-action controller), Bacilel tn Aettoupyeia tou otov
0pLOPO NG OAokArpwong, dnAadn otov opLopo TG MpocBeong kal Tou cuvduaopou. H
£€€060¢ y AOLTIOV TOU OUYKEKPLUEVOU eAeykTnh, Slapopdwvetal avaloya amd to dbpolopa
TWV CUVEXOUEVWY LETABANTWY ELGOSOU X OTNV MEPLoSO TOU Xpovou.

Optoudc OAokAnpwuartog: To oAokAnpwua, Sivel aptduoUs o€ oUVAPTHOELS UE TETOLO
TPOMO WOTE Vo UMopEl va meptypael petatomion, €uBadov, oyko kot dAda. 2tn
nepintwon tou enutédou ywpou ue Soouéva opta [a,B] kat ouvaptnon f(x), umopei va
Bpedei to uBadov katw arto TNV CUVAPTNON KAl AVAUETH oTa 0ptla.[11]

Sum becomes Integral

In limit as

Ax—0

Area = j f(x)dx = ilTo z f(0)Ax

Ewkova 2.6 — Oplopdg ONOKANpWUATOG

Onwc @aivetal otnv etkova 2.7, to oAokAnpwua umopei va ypapel oav éva adpotoua
ouvaptioswv. OuolaoTika To EUBadOV KATw arto T ouvaptnon, Ywpiletal o aAda o
Utkpa euBada ta onola teAika mpootiGevral. Ta Staotriuata mou xpnoLUOTOLOUVTAL YL
TOV UTTOAOYLOUO TwV ETIUEPOUC euBadwy, anauteital va ival 600 Mo UIkpa yivetal
WOTE va UMOPEL Vo UTTOAOYLOTEL LE LUeyaAUTEPN akpiBela To TEALKO euBadov.

O eheyktic | [12] eival avaloyog toc0 oto péyeBog Tou ohAALATOC 000 Kal otn SLapKeLa
Tou odpaipatroc. H ohokApwaon mou KAvel TeAKA, €ival To AOpolop TwV OTLYULALWY
obaAudTwy e Katd TN Sldpkela Tou XpOvou Kal apa TeALKA Slvel oav QATMOTEAECUA TO
OUCOWPEUNEVO avtiotaBulopa mou Ba émpene va eixe SlopbwBel amd mio mpwv. To
OCUCOWPEUNEVO odaApa oto TéEAoG moAAamAactaletol pe tn otabepd oAokANpwong eAEyxou
(integral control action constant) Ki kat mpootiBetal otnv ££060 TOU EAEYKTH.
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t
Yo=K xI, = Kif e(t)dt puel, =I,_1+exAtkatl, =0, n=123,..
0

Ixéon 2.2 — E¢lowon eAeykTA |

Ao tn oxéon 2.3 mMopAaTNPOUME OTL AOYyw TOU OUCCWPEUMPEVOU ODAAMATOG amd TO
napeABdv, umopel va Efemepaoctel n T tou setpoint. N va amodeuxbel auth n
ouunepidpopa (integral windup), mpootiBetal otov eheyktr pla avwrtotn T (KatwddAl),
TIAVW ard TNV omoia To OAOKANPWHA OTOLOTA VO TIPOCBETEL MepeTaipw opAApa. AKOUA, O
gheyktng |, emtayuvel tn Stadikacia mpog tnv eniteuén tou setpoint, adol 600 Mo pHeyAaAo
elval to opdaApa téoo o peydAn Ba ival n anokplor tou. AgoU AoLmov yla KABE Tiun tou
oAAUATOG Kal yla KATAANAO XpoVLKO SLaoTnpa, o eAeykThG | umopel va ¢pépel To olotnua
o€ otaBepn kataotaon, elvat aveéaptntog anod to poptio (load-independent).

2tn otabepr katdotoon, omou To odpdApa elval undeviko, Sev uTtApyel Kapla g¢aptnon
avapeoa oto opAaApa kol oto onpa €€660U y Kal cuvenwg n €€odog eival ion pe 0. ZTn
Suvaukn amdékplon n KaBe petafoAn TG €L0060U X KAl OUVETWE TOU OGAAUATOC e,
T(POKOAOUV HETAPOAN TOU ONUATOG €060V He €€APTNON WG TTPOG To Xpodvo. [1B]

€|

0

y 4

Ay

‘ ‘

t - t

B33-12
-

Fig. 3-14  Dynamic characteristic of the I-controller

e Input (control difference)
I Output of the integral-action controller
P Output of a proportional-action controller

Ewkova 2.7 - X0 poKTNPLOTIKA SUVAULKAG artokplong | kat P eAeyktn

21N CUYKEKPLUEVN epyacia xpnolpomnolnonke o eAeyktn¢ | yia BeAtiotonoinon.

2.5.3. EAeyktc D

O eleyktg D (derivative-action element i D-element), xpnotpomolel tov oplopd NG
TAPAywyou yla va UTtoAoyioel thv KAlon Tou odAApATo¢ e Kal va TOAAQMAACLACEL TO
anotéAeopa pe TN otaBepd mapaywyou ehéyxou (derivative control action constant) Kp. To
onua €€660u y Tou gAeyKTh UTTOAOYITETOL LOVO OTN MEPIMTWON TOU UTAPXEL LETABOAN TNG
£10060U Kal apo Tou odhAAUOTOG Kal 600 Tilo amotoun sival aut n petafoln, TOoo Mo
peyaho Ba sival to oipa e€6dou.
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de
y=Kp T
Ixéon 2.3 — E€lowon eAeyktn D

Jtn oxéon 2.4 daivetal o oplopog Tou eAeyKTAG D Kal KOTOVOEITAL OTL O GUYKEKPLUEVOG
gAeyKTNG eV PUETPAEL TN TN TOU OPAAPOTOC AAAA TOo pubuod mou aAlalel To opaAipa. To
OUVKEKPLUEVO onua e€66ou 1bavika Ba ntav pia cuvaptnon SdéAta ameipou UYPoug oG
eneldn otnv mpaén auta ta onpata dev umopouv vo uAomolnBoulv, To o Eival ToPOUoLo
L€ QUTO TIOU TIPOKUTITEL aTtO £va NAEKTPLKO KUKAwa RC.

SM72a
Ue o+—|

&
T Ue; iR Ua
T

B33-19

Ua

Tp

-l

Fig. 3-19  RC circuit and associated step response as an example of a derivate action control element
T. = Derivative action time

Ewkova 2.8 - KbkAwpa RC kat amotéAeopa e€6dou eAeyktr D

Eneéniynon ekovacg 2.9: Katd ta yvwotd ol MUKVWTEC ATTOKOTITOUV TO OUVEXEG PEUUN
(DC current) kot aprivouv va nepaoet to dtakomtouevo peuua (AC current) kot apa otn
niepintwon nou oav gicodo¢ SoVel ouvexéc pevua (n otn nepintwon puag e=otadepo),
10 anotédeoua Va eivat ico pe 0. Otav ouwg dnutoupyndel aldayry otn tiun tou
pevuatocg (bnAadn onweg otn BnuUATIK ATTOKPLON TOU OPAAUATOC), 0 MUKVWTHG Ta
apnoeL To peuua va mepacel kat Ba dnuloupyndel otyutaio taon (n €€odog eAeyktn)
otnv avtiotaon He TOAU WUEYAAn Tiun Adyw tn¢ moAU amdtoung uetaBoArc tou
peEVUATOC (N O@AAUATOC). 2Tn CUVEXELA, O TUKVWTNG Ba apxioel va ekpoptiletal UE
antotéAeoua n taon (n €éodog eAeyktn) va apxilel va teivel oto 0 omou kal teAlkda Ga
kataAnéet.

ATO T popdn Tou onpatog e€680u yiveTal KATAVONTO OTL O CUYKEKPLUEVOC eAEYKTNC Sivel
£va mpoPadiopa otnv apxn (head start) yla va KAvel TRV opxLKr omoKpLon TIo ypriyopn Kot
IO UEYAAN. [1B]

TN OUyYKekpluévn epyacia, o eleyktng D Ba xpnolpomownBel yia BeAtiotomoinon. H
nieplodog Omou Ba xpnotpomnoleital o Aeyktrg Ba eival oto 2 yUpw amd to setpoint Kat
QPO UTIAPXOUV 2 OKPALEG TIEPUTTWOELG TTOU HITOPOoUV va. SnpoupynBouv.

e To opahua Telvel amo -2 Tpog To 2 Kal dpa amod eKel TOU To setpoint ATV HIKPOTEPO
amnd tn Bepuokpoaocia Swuatiov, apyilel va yivetal peyolutepo. MNa va aviiotabulotel
outn n oupnepldopd TPEMEL Vo ap)losl va Aettoupyel n Béppavon. Yroloyiletal otL
% > (0 pe de=2-(-2)=4.
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e To odpaApa teivel amd 2 mpog To -2 Kal Apa Ao eKel Tou To setpoint ATav PeEYaAUTEPO
and tn Bepuokpacio Swuatiou, apxilel va yivetal pikpotepo. MNa va aviiotabulotel
auti n ouunepldpopd npéEmel n B€ppavon va kAeiosl tedeiwc. Yroloyiletal otl % <0
pe de=-2-2=-4,

Me Baon ta To MAVW 0 €AeykTAG D yla Tn ouyKekpluévn egpyocia Ba mopouaotalel pio
XOPOAKTNPLOTIKI TNC TILO KATW HopPnC:

D Controller

50%
variabley

-50%

Ewkova 2.9 - XapaKtnplotikn eAeykt D

2.5.4. EAeyktég Pl ko PD

O gheyktnc Pl elval o cuvduaouog Twy eAeyktwv P kat | kat to onfua €66ou umoAoyiletal wg
To aBpolopa Twv onupatwv €f66ou Twv OSUO0 eAeykTwv. Ta YOPOKTNPLOTIKA TOU
OUYKEKPLUEVOU eAEYKTH elval OTL eival ypryopog adou xpnoLiomoleital o eAeyKT g P Kal pe
™ Ponbela tou gleyktn | yivetal mo amotoun n cUykAnon oto setpoint otav UTAPYOUV
peyoha odpaApata.

y=yp+y=K,*e+05)+ K *L)ya—2<e<2
omovl, =1,_1 +exAtkatl, =0, n=123,..
Ixéon 2.4 — E€lowon eAeyktn Pl

Avtiotola, o eAeyktr¢ PD elval o cuvduaopog twv eleyktwy P kot D kat to ofua £€66ou
umoloyiletal w¢ To dBpolopa Twv oNUATWY €660V Twv 6U0 eAeyKTwWV. O CUYKEKPLUEVOC
eAeyktng eival ypriyopog kabwg £xeL kot pio amdtoun wbnaon otnv apxn. [1B]
de
y=yp+yD=(Kp*e+0.5)+KDE yia—2<e<?2

Ixéon 2.5 — E€lowon eAeyktn PD
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2.5.5. EAeyktng PID

O eleyktng PID elval o cuvbuaopudg twv eleyktwv P,l kat D. @swpntikd n €£odog tou
£A\eyKTn €lval To ABPOLOUO TWV EMLUEPOUC EAEYKTWY OANA TIPOKTLKA N €€080¢ TOU eAeyktn P,
ennpealel Toug AAOUG 2 EAEYKTEC.

I P |
| PID |
I |
| ‘ |
o) ||| —— K,*e(t) ! +)
| ~ + |41 y
I |
| |
I |
| D |
: \ |
| |
| |
| |
| |

Fig. 3-26  Representation of a PID controller in accordance with actual practice

Ewkova 2.10 - XapaKtnplotikn eAeykt PID

la tov oplopd tou PID xpnoLomolouvTal oL oTabepég Tou KABe eAeyKTH woTe va emiteuyBel
N OWOTH TN VLo TNV TR TIou Ba £XeL 0 eAeyKTN¢ P, yla To mooo anotoun Ba eival n kAion
otov eAeykTn | Kal yla to éco Ba eival to epfadov kal cuvenwc noco andtopn Ba sival n
ekdpoptnon ya tov eheyktr D. O eheyktng P, Ba Swoel tnv peyaAltepn enidpoon oto TEAKO
anotéAeopa ald o TeEALKOG ouVOUOOUOG ival LKkavog va eAéyéel TOAUTTAOKA Kol SUCKOAQ
CUCTAMATA HEe TIOAU KOAN amodoon Kal autog sival o AGyog Tou xpnolionolndnke otnv
napovoa epyaocia.

Kees Ewova 2.11 - Enibpaon
eAeyKTWV
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Ztnv ewkova 2.12 daivetal n enidpacn tNg KABE MAPAUETPOU OTO TEAKO QTMMOTEAECHA.
Ontika ¢alvetal otL o eAeykTng P Slvel pia apyikn wbnon mpog tn TN Tou setpoint. Adyw
TNC KN LKAVOTNTAG TOU VO KPATNOEL O€ OTAOEPN KATACTAON TO GUCTNHA XPNOLUOTIOLE(TAL KOt
0 eleyktng |, o omoiog Ponba to cuotnua va taAovtwbel yupw amod to setpoint. TEAog,
XPNoLlUomoLeital 0 D gEAeyKTNC 0 OMOLOC HELWVEL TNV TAAAVIWON KoL KATAPEPVEL vo. PEPEL TO
oVUoTNUa oTNV €MBUUNTH KATAOTAON YPrRyopa Kal UE TIOAU KoAr amodoon. OuCLaoTIKA O
gheyktNG P xpnolpomoleital yla tnv PeyaAn emiSpaon kat ol eAeykTEC | katl D yla va Kavouv
kamota 810pBwon otnv £€0d0o tou P. [1B]

JTn OUYKEKPLUEVN epyacia, o gAeyktn¢ mou Ba xpnolpomownBei Ba eival o PID, wotooo,
AOyw tou OtL Ba eAéyxel cuoTnua BEpUavong, oL TIHEG Ttou pmopel va Aappavel oav eicodo
To oUotnua Béppavong Ba npénel va Pplokovtal oto dtaotnua [0,1]. Ma va uAomolnBel pia
T€tola Asttoupyla, o eAeykTic Ba evepyormoleital povo oto SLaotnua 6mou to opAaApa eivatl
oto diactnua [-2,2] kal Ba unoAoyiletal n £€€060G y WG TO ABPOLOUA TWV TPLWV ETILUEPOUC
€€O06WV TWV EAEYKTWV. TNV MEPIMTWON OUWGE TIOU TO CUYKEKPLUEVO GBpolopa AABEL TIUn
HLKpOTEPN Tou 0, Ba maipvel TNV T 0 Kat otnv mepimtwon mou AGPeL Tl peyaAltepn Tou
1, 6a maipvel Tnv Ty 1. H TR 0 Ba avtimpoowreUel OtL n Bpuavon Ba Tpémel va eivat
KAELOTH ouVEXWG evw N TLUR 1 Ba aviupoowrnevel OtL n Bépuavon Ba mpemel va elvat
ouvexwg avolxtr). H twun 0,5 umovoel OtL n Bepuokpaocia dwpatiou eivat ton pe TNV
gmBuuntn Kal apa yla vo mapapeivel otabepn otn CUYKEKPLUEVN TLUN Ba TIPEMEL OTn Hilon
nieplodo n Bépuavon va eival avolKTh Kot TNV UTIOAOLTTN [iLoT) TtepioSo KAELOTH.

H ouvoAikn nepiodoc Aettoupyiag tng B€ppavonc Kat apa Kot o Xpovog ou Ba Aappdvetatl
KABe dopd n véa TN yLa To Y, Ttotal, TEOBNKE Lon pe 10 AEMTA OTN CUYKEKPLUEVN epyaoia. MNa
KaBe véa TR y mou Ba umoloyiletal, Ba moAAamAaoctaletol Pe TNV TLUA Ttotal Kal Ba
T(POKUTITEL 0 XPOVOG Ton. O xpovog Toff OPLIETAL WG TO UTTOAOLIIO TOU XPOVOU TIOU QATIOUEVEL
yla va cupmAnpwBouv ta 10 Asmtd tng meplodou. H £€06o¢ apa amod tov eAeyktn Ba sival
pia moApooelpd omou kKaBe maAuog Ba €xel Sidpkela 10 Aemtd aA\G Ba €xel SLapopeTIKO
KUKAo(duty cycle).

Ton =Y * Ttotar = y * 10min, Toff = Ttotar — Ton = 10min — Ty,
Ixéon 2.6 — E€L.owoelg kUkAou BEpuavaong

To duty cycle opiletal w¢ to mMooooto piag meplddou Tou CHUATOC, KOTA TNV Omoia To onuo
glval og Aettoupyia, SnAadn Ton mpog tn cuvoAkn Sldpkela Tng meplodou. [13]

Complete Cycle -
Tn:ll Tc'ﬁ
b >
Vcc
OFF | ON OFF ON | OFF
Ov —
25% Duty Cycle Time

Ewkova 2.12 - Oplopog duty cycle
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2.6. OeplKa ZVoTHATO

Oepuika ocvotiuata[l4] elval Ta OCUCTAUOTO TA ONMOLO EUMAEKOUV OMOBRAKEUON Kol
uetadopa Bepudtnrag. Onwg opilel o deUTEPOG VOUOCG TNG Bepuoduvaptkng, n Bepuikn
eVEPYELA LETADEPETAL TIAVTA TIPOG TNV TIEPLOXA HE TN XOUNAOTEPN eVEpyELa, SNAadr amo TIg
TepLox£¢ LPNANG Beppokpaciag MPog TIG TEPLOXES XOUNANC Bepuokpaoiag. H Bepuotnta os
£€va cvotnua propei va Stadobel pe Toug akdAouboug Tpeig TpdMouG:

e Aywyn (Conduction): ZupBaivel 6tav éva avtikeipevo €xel dtadopd Bepupokpaciag
OTWC yla TIPASELYUO O TOLXOG O KATMOLO OTITL TMoU amo T Mpia mAsupd €xel
Bepuokpaocia Swuatiou kat amod TNV AAAN €xeL tnv e€wteplkn Bepuokpaocia.

e Juvaywyn n petadopd palag (Convection) : ZupPaivel otav Stadidetal n BgpudtnTa
og uypn N agpla popdr, OMWE O AVEULOTAPAG TIOU HE a€pLa Lopdr ATOMAKPUVEL
BepuoTNTA ATIO KATIOLA TIEPLOXT).

e AktwoBoAia (Radiation): ZupPaivel Otav €va avtlkeipevo €xel SLODOPETIKEG
Beppokpaocieg, OMwWG KAl oTtnV aywyn, AAA oTn CUYKEKPLUEVN Tepimtwon Oev
amalteital Kamowo ¢uolkd pEco yla tn dwadoon tng Bepudtnrag. Eva TETOLO
napadelypa propel va ivatl n aktvopolia tou nAtou nou eotaivel tn M.

Akoua, éva Bepuikd clotnua [15], anoteAeital and BepULKEC AVTIOTACELG Kal BepULKOUG
TIUKVWTEC, KaBwg emiong HmopolV Vol UNAPYOUV TPELG TnyEG Bepuotntag: MnyEg Loxvog,
TiNY£EG BepUOKPACLAC KaL pOrG UYPWV.

TN Tepimtwon TMou UMApXeL por] BepuoTnTAC HECW AYWYNG OE €va OHOYEVEC OWHA,
UTTAPXOUV TIOAAEC TIOPAWETPOL TTIOU EMNPEAIOUV TN GUYKEKPLUEVN por). ApXLKA, TIPETEL val
glval yvwoTég oL SLaCTACELG TOU CWHATOC WOTE VA UTIOAOYLOTEL To epBadov tng Statoung (A)
Kal To HAKog (L) Tou UALKoU, amd omou Ba mepdoel n pon Bepuotntag. Eniong, mpénel va
elval yvwotn n Bepuikn aywylpotnta (o) tou cwpatog. Exoviag yVwoTEG TG To TMAVW
TIAPAPETPOUC, UIOPEL va UTIOAOYLOTEL N BePLLKI avTioTAoN TOU CWHOTOG LE TN oxéon 2.7.

R L ') 5 i

= —— UE Uovadec uEtpnong —

Avo HEH S HeTPnonS
Ixéon 2.7 — E€lowon BepULKAG avTioTaong HEoW OYWYNG

TeAlkd, £xovtag yvwotr T BgplLKr aviiotoon Tou cwpatog Kot Tig U0 Beppokpaocieg ota
AKPO TOU CWHATOG Umopel var uTtoAoyLoTEL N por) BepudTNTOC. XTN MEPLTTWON TIOU TO CWHA
elval évag Toixog, ot U0 Bepuokpacieg mou amattovvtal sival n Beppokpacia Swuatiov Kat
n e€wteptkn Bepuokpaoia. Emiong o toiyo¢ Ba mpooopolaotel pe TV Bepuikr) avtiotaon
Kal €tol Ba mpokUPEL To NAEKTPIKO LoodUvapo mou daivetal otnv ewkéva 2.14. H pon
EVEPYELAS i, PalveTal PE TO KOKKLVO BENOG Kal €xel dopd amd tn Oepur| epLOXn MPOG TN
Kpua mepLoxr. AkOpa, otnv ewkova 2.14 daivetal Kal n oxéon yla ToV UTMOAOYLOMO TNC
OEpULKNC pONG OTN CUYKEKPLUEVN TIEPLTTTWON.
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Ewova 2.13 - HAekTpLlko LloodUvapou tolyou

H pon Bepupotntac péow cuvaywyng eival évog cuvduaopuog TnG aywyng nall pe petadopad
pafog apou otav éva uypd oUVOPEVEL E EVa OTEPED CWHA, MTTOPEL va undpéel petadopd
Bepuotntag avapeoca ota 6VUo. H ouvaywyn xwplletalr oe 6Uo katnyopieg, otnv
gfavaykaopévn ocuvaywyny Omou n pon efavaykdaletol va SnuloupynBel omwg otoug
QVEULOTAPEG Kal oTtnV eAeUBepn cuvaywyn Omou n por urltdpxel auBalpetn otn ¢uon Onwg
yla Tapddelypa n por) uypwv Adyw Sladopd¢ mukvo tog avdpeoa ota SUo uypd. Itn
neplmtwon Tou UTApxeL por] Bepuotntag HECW ouvaywyng, n Hoviehomoinon eivat
TMapOUOLd HE TNV MEPIMTWON TNC aywyng aAd pe tn Stadopd OTL n Bepulkn avtiotaon
umoloyiletal pe SladopeTiky OXEON. TN OUYKEKPLUEVN Tepimtwon Ba mpémel va eival
yvwoTh n otaBepd cuvaywyng Bepuikng petadopadg h (convection heat transfer coefficient)
n omnola sivat dtadopeTikn yla kaBe vypd 1 aéplo. H oxéon amo tnv omnoia Slvetal n Beputkn
avtiotaon 6lvetal otn oxéon 2.8.

1

R =
hx*xA

Ixéon 2.8 — E€lowon BepULKAG avTioToong HECW CUVOYWYNG

H pon Bepuotntag péow aktvoBoAiag cupPaivel otav Stadopa avtikeipeva SLadopeTIKAG
Beppokpaocioc Bplokovtal o omtikn enadn. H evépyela petadEpetal Pe NAEKTPOUAYVNTIKA
KOpoTa Kot apa dev Xpeldletal Kamowo péco yla va Stadobel. Eva mapadelypa eival n
aktwoBoAia tou nAiou otn n, n onoia Beppaivel KATOLO OMITL HECW TwWV TtapaBUpwv. lNa to
OUYKEKPLUEVO Ttapadelypa, n pon Bepuotntag pmopel va umoloylotel yvwpilovtag tnv
EVEPYO emipavela Tou mapabupou A4, and onou Ba mepaocel n aktwoPolia, kabwg katl Tnv
nAtakn aktwoBoAia Tou AAlou @ pe tn BorBela tng oxéong 2.9.

dQ
% = Ay Ps

Ixéon 2.9 — E€lowaon por¢ BepuotnTag HECW aKTLVOBoALAC

EmunpooBeta tng avtiotaong Bepuotntag, KAMOla QVTLKEIHEVA pmopolV va €XouvV Kal
BepuLkn TIUKVOTNTA N omola MePLYpAdEL TN TMOCOTNTA TNG OEPULKAG EVEPYELOG TIOU Elvol
omoOnNKEVUUEVN OTO OUYKEKPLUEVO OVTLKE(pEVO. H Beppuikr evépysla CcuCOWPEVETOL OTO
OVTLKE(PHEVO pEOW KATOlWY amd TpLwv UeEBOSWV Tou Tiepleypadnkav Lo MAvVw Kol otav
oTapatioouV ta pavopeva va emtdpolv, TO AVIIKELUEVO EEKIVA val XAVEL QUTH) TNV EVEPYEL
mou eixe amoBnkeloel amd mo mpwv. Eva aviiotowxo LooSUVAUO NAEKTPLKO KUKAWUO
dalvetal otnv ikdva 2.15.
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Ewkova 2.14 - HAeKTPLKO LoOSUVAOU BEPULKOU TTUKVWTH

AKOHQ, O0Ta LOOSUVOO KUKAWHATO UTIAPYOUV TNYEG LoXVOG N TNYEC BEPUOTNTAC TTOU OTNV
oucia Tpododotolv To KUKAWMA. Ol CUYKEKPLUEVEG TTINYEG UITOPOUV va elval eite otaBepég
elte va petafdallovral e Tov XpOVO KOl QVIUTPOCWIEVUOVTIAL amd MNyEC pevpatoc. Mia
W6aviky mnyn BepudTnTag mopayel WYL yla to KUKAwUo avegaptnta and tn Bepupokpacia
KOl LTTOPEL yla Ttapddelypa va eival éva KALLOTLOTIKO.

OL ninyég Bepuokpaciag eival mnyég eAéyxou tnG Beppokpaciag WOTE va TIOPAUELVEL OF
OUYKEKPLUEVN TLUN N Beppokpacia Kal Wbavika otabepomolel Th Bepuokpacia avefaptnta
amnd tnv LoxL nou xpeLaletal. Eva tétolo mapadelypa eival to Yuyelo.

OL TNy£C PO LYPWV TIPOCOMOLWVOUV OTAV PEEL KATIOLO UYPO CUYKEKPLUEVNC BeppoKpaciag
LLE OUYKEKPLUEVO pUBUO Kal Beppokpacia os éva cuoTna.

ATO to Bewpnua SLatrpnong TG EVEPYELAG KOL TO TPWTO VOUO TNG BeppoduvapLkng ival
YVWOTO OTL N BepUOTNTA TTOU €XEL AMOBNKEVHEVN VA QVTLKELEVO LooUTaL e TNV BepuotnTa
TIOU ELOPEEL OTO QVTLKELPEVO HElOV TNV BepUOTNTA TTOU amoppEeL. [16]

Heat stored = Heat in - Heat out
Zxéon 2.10 — E€iowon Slatrpnong Bepuotntag

‘Eva am\o mopddelypa yLo thv Kotavonon tg e€lowaong Bepuotntag Sivetal mo Katw:

”.1 RJ 2 95
& B 1 = 2
qnf' ‘ = Rla ‘RZa

Ewkova 2.15 - NMapadetypa Statripnong tng Beppdtntag
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2tnv ewova 2.16 oto mavw oxnuo Qaivetal éva tooduvauo mou anstkovilel duo
Sdwudatia evog omitiou, ouuBoAilousva ue 1 kot 2. 3to 1ooduvapo Eyouvv mpootedei
Tpeic VepULKEG avTLOoTAOELg, Ui yla tov toiyo avaueoa ota 2 dwudtia (Riy), uia
avaueoa oto dwudtio 1 kot otov £€w koouo (R,,) kat pia avaueoa oto dwudartio 2 kat
otov &w koouo (R,,). Kade dwudtio €xel emiong pia Feputkn ywpntkotnta Kot pio
Uepuokpaoia ta omola cuuBoAilovrar ue C; kot 6, avtiotoya yia to dSwuartio 1 kat C,
kot B,avtiotoya yla 10 dwuatio 2. Akoua, oto Swuadtio 1 @aivetal OTL UTTAPXEL
karota inyn Yepuodtntag mou mapdyel Jepudtnta ion UE i, EVW OTOV €W YWPO
unapyet Gepuokpaoia ion ue 8,. 3to kdtw oxriuoa @aivovtar OAa ta ueyedn oto
tooduvauo nAektplkd kUKAwpo to omoio mpokUmtel Aoyika. Mo to dwudtio 1 n
e€iowan Fepudtntac eivat n mo Katw:
6, 6,-0, do,

Heat in = Heat out + Heat stored © q;, = — + +C—
Ry, Ri2 dt

Zxéon 2.10 — E¢lowon dwpartiou 1

H eltogpyouevn toxuc givat povo amod tnv nnyn Gepudtntag, n JepuotnTA moU eKPEEL
armo 1o dwuatio 1 opeiAetal oTIC 2 AVTIOTAOELG TOU EUTTAEKOVTAL aTo dwuatio 1 ko
epLypapovtal e touc dU0 mPwTouG opou¢ otnv e€iowon 2.10. O tpito¢ 0poS tn¢
efiowang 2.10 neptypapel tnv Gepudtnta mou eivol amoOnkevueévn oto VEpULKO
TIUKVWTI) TOU OUYKEKPLUEVOU Swuatiou. Avtiotolya, unoAoyiletal n oxéon 2.11 yia 1o
dwudrtio 2.

0,6, 06, do,

Heat in = Heat out + Heat stored & —— =—+(C, —
Ry, Ry, % dt

Ixéon 2.11 - E€lowon dwpatiou 2

Mo to dwuartio 2, n eLoepyouevn Jepudtnta opeidetal Aoyw ¢ avtiotaonc avausoo
ota Svo dwudtia apou n nnyn Yepuotntag ritav oto dwuadtio 1. Onwc Kat oto
Sdwudtio 1, ekpeel Tepudtnta amod TtV avriotaon Tou Toiyou Kot armoUnkKeUvEeTal
Jepuotnta otov nUKvwTh tou dwuatiou.

2.7. Oepukd Movtéda ITetiov

Ye meplmtwon mou B€Aou e va LEAETAOOUE T cUUTepLdopa Tn¢ BepudtnTag o £va OTLTL,
UTTOPOUHE VO XPNOLUOTOLHOOUKE €va LooSUvapo poviélou ormitiol [2B] to omoio Ba
T(POCOUOLALEL TO oTiiTL Tou B€Aoupe. OL TEXVIKEG TTOU UImopoUV va xpnotpomnotnBouy sival ot
TPELG TILO KATW:

e White-Box Modelling: 3tn ouykekpuévn pEB0SO Ypnoiluomoleital to ¢uoLkd
HOVTEAO TOU omToU Kot n pory Bepudtntog mpooopotdletal pe Sladopeg
OTHOODOLPLKEG CUVONKEC. AOYW TNG MOAUTIAOKOTNTOG TOU CUYKEKPLUEVOU LOVTEAOU
oalLTELTAL N XPON €PEUVAC KoL CUYKEKPLUEVO AoYLoUIKO KaBw¢ kat Sedopéva yla to
OGUYKEKPLUEVO OTILTL.
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e Black-Box Modelling: Ze autr) tn povtelomnoinon xpnowgomnotovvral dedopéva anod
UETPAOEL KAl yla auTO To AOyo Bewpeital n mo amA. To HELOVEKTNHA TNC
OUVKEKPLUEVNG HEBOSoU elvalt ta un  akplBy amoteAéopata adol Sev
xpnotpomnotouvtal moAa dedopéva yia th eplypadr] Tou omitiou.

e Gray-Box Modelling: Auti n uéBodog eival n evélapeon twv GAwv dUo pebodwv.
Xpnotyormotlel €va ouvbuoopd twv ¢uolkwv Sedopévwv tou omtiol pall pe
OTOTLOTIKA. AKOUO, KAVEL XPHON OTOXAOTIKWY JSladoplkwv eflowoswv  Kal
£ELOWOEWV UETPHOEWV OE SLOKPLTO XpOVo.

3TN ouykekpluévn epyacia Ba xpnowpomownBel n péBodog tou Gray-Box Modelling pe t™
Sladopa otL yla amhomnoinon dev Ba xpnotpomnolnBouv oL otoxaotikol 6pol. Mmopouv va
XpnoLpomnolnBouv Stadopa HoVTEAQ, Ao oAU anAd péXPL TTOAU TTOAUTTAOKA, avAAoya LE TO
Tl emBupeite va povtehomolnBel kat pe 1o Ooo akplpr anoteAéopata embupoUpe. Kabe
HOVTEAO pmopel va meplypadel pe €va aplBpo Sladoplkwy eflowoswy, 0 ApLOUOC Twv
omoilwv e€aptdtal and Tnv MOAUTTAOKOTNTA ToU HoviéAou. To povtého mou Ba emileyel oe
KaBe meplmtwon Ba MPEMEL val AVTATIOKPIVETAL OTNV EKACTOTE TIPOYUATIKOTNTA KOl va gival
TOO0O0 TEePIMAOKO 000 elval ol MAnpodopieg OV evowATWYOVTAL. 2TN TPAgn, Ba mpénel va
XpnoLpomnolnBouv Stadopa HovTEAQ, EEKLVWVTAG oo TO TILO ATIAG KOl KATAANYOVTaG OTO TILO
TieplmAOKO KoL va ETUAEYEL AUTO TTOU ETA Ao AUTO Sev UTIAPXEL TiEpeTaipw PeAtiwaon ota
anoteAéopata.

TNV ewkéva 2.17 daivetal éva nAekTplko Looduvapo mou pmopel va meplypddel éva ktiplo
TO omoio xpnotuonolel cuoTNUa BEppavong Kal eoTalveTal Amo TNV aKTvoBoAia Tou nAlou.
Jav envelope opiletal n meploxn yupw amo TO KT(plO TIOU TO OMOUOVWVEL OTO TO
nieplpaAAov. Ma va neplypodel To POVTEAO QTIOLTELTAL VAL YIVEL XPrON KATIOLWY LETABANTWV
KOTAOTOONG, OL OMoleg TEePLYPAPOUV TNV KATAOTAON TOU OCUCTAHUATOCG, €VOG GUVOAOU
£1006wv, oL onoleg Ba emnpPedcouv TO CUCTNUA, KAl EVOC GUVOAOU SLadoplkwY EELOWOEWV
oL onoleg Ba neplypddouv Tn SUVOULKH TOU GUOTHLATOC.

Interior ;| Heater | Solar : Envelope tAmbient
n_! : oy :
] ] I I
: : ' Rie Rea |
1 1 .‘1“.(1)S I I
| 1 1 I
== @ CD ! (D; G Q A, :(D T
! ) : I
: ; ; :
\ i \ |
1 [ = 1 1

Ewkova 2.16 - MovtéAo KTipiou

To eowteptkd (Interior) tou ktnpiou meptypagetal ano ™ Jepuokpaoia T; kadwe
emtiong gxel pia Gepuikn ywpttikotnta C;. Akoua, n Oépuavon (Heater) tou xwpou
yivetal ue pon evépyelag amod to ovotnua Gépuavone @, kadwe eniong to Ktipto
Uepuévetatl kat ano tnv aktivoBoAia tou fAtou (Solar), n omoia éxel pon evépyetac D
kot Siamepvdel mapadupo ue €uBadov A,,. O mepiyupo¢ tou omitiov (Envelop)
neptypapetal and tn Yepuokpaoia T, kat amoteAeitar and SU0 avtiotaoelg, pia
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QVAUETH OTOV MEPIYUPO KAL TO ECWTEPLKO TOU OTILTIOU R;, KAl dAAN uia avaueoa otov
niepiyupo kat 1o neptBariov R,,. Enionc amoteAeital ano pia Fepuikn xwpLtkotnta
C, kat amo uia ninyn Gepuotntac A, Dy apoU kat maAL kanoto Uépog tne¢ aktvoBoAiag
TOU NALOU ELOPEEL OTO OTTITL om0 TOV MEPIYUPO, avaAoya twpa UE TO UBadov Tou
niepiyupou. TéAog, 1o meptBaAdov (Ambient) meptypapetar oav uio ninyn T, oagou
autn eival n gioodo¢ Tou cuatnuartog. Aéloonueiwto va avapepdei ival OtL OToO
OUYKEKPLUEVO UOVTEAO, N Tepltkn xwpntikotnta C; mepLypapeL TO00 TN YwWPNTIKOTNTA
TOU OoiEpQ, 000 KOl TN XWPNTIKOTNTA OAWV TwV QVTIKEIUEVWY TTou Bpiokovtal oto
ktipto. Eivar Suvartov va untapéouv aAda LOVTEAD OTTOU N CUYKEKPLUEVN XWPNTIKOTNTA
ouuBoAilel katt dAlo.

O petaPBAntég kataotaong tou ktipiou givat ol Beppokpaoieg T; kat T, adol auteg divouv
™V Kotdotaon tng Beppokpaciag. XTto L.ooSUVAUO HOVTEAO UIopoUV va mpooteBouv Kol
OGAAEG HeTAPBANTEG KATAOTAONG WOTE TO UOVTEAO VAL YIVEL TILO KOVTA OTNV TPAYUOTIKOTNTA Kol
TO amoteAéoparta va elvat 1o akplBéc. Eva mapadetlypa piag LETaBANTAG KATAOTOONG TIOU
Ba unopouoe va npootebel eival va UTIApXEL pia LETABANTH KATAOTOONG YL KABE SWUATLO
TIOU UTTAPXEL OTO KTLPLO KoL OXL pio LETABANTA yla OA0 TO KTipLo.

OL eloodol ota Slddopa povieAa elvol ol HETAPANTEG OL Omoleg HeTpnBnKav Kol dpa
gunepLlexouy ta duolkd Sedopéva. ITo POVIEAO TNG €lkovag 2.17 ol petaBAntég elcodou
glvat n TR tng efwtepkng Bepuokpaciag T, KaL n por €VvEPYeElag AmO TO CUCTNUA
Bépuavong @p,.

H Suvauikry Tou Ktiplou meplypadetol amd SladoplkéG €ElOWOEL] TPWTNG TALEWG Kall
UTOPOUV va elval €iTe YPOUULKEG €ITE N YPOUULIKEG. AYyVOWVTOG TN POr EVEPYELAG OO TOV
AALO, TPOKUMTOUV oL SUo To KATW OLodoplkEC €ElOWOELG oL omoleg Teplypddouv TO
LoodUvapo tng elkovag 2.17:

= e
* i=C dt

v avtiotaon R,,, HElov TO pelpa TToU GeVYEL TPOC TNV avtiotaon R;.. Apa LoxUeL
Ta—Te Te—Ti

OTOoU TO PeVMA i LooUTOL UE TO PEUMA TTIOU TIOPAYEL N TNy taong T, ME

Kol cuvenwg n dtadopikn elowon sival:

dTe _ (T, T)+1 T, — T
edt_Rea a e Rie(L 6‘)

Ixéon 2.12 — Aladopikn e€lowon Bepuokpaciag nepiyupou

1 =
Rea ie

. arT, , ' . ' ' , , f
o L= Cld_tL OTTOU TO PEUMA | LOOUTOL LE TO PEVHA TIOU ELOPEEL ATIO TNV avtlotaon Rie
Te—T;i

OUV TO pelpa Aoyw NG Béppavong. . Apa LoxUeL i = + @, KaL ouvenwg n

e

Sladopikn eflowon eivat:

dTL— ! (T, —T) +®
dt_RLe e i h

Ixéon 2.13 — Aladopikn e€lowon ecwtepLkng Beppokpaciog Ktipiou

C,

To 1o mavw cuotnua Stadoplkwv efloWoswv UMopei emiong va ypadel os popdr mVAKwWY
(Matrix Form) onwg ¢aivetal otn oxéon 2.14:
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ar) [ Lm0 4t

dt | _ | CiRie CiRie | +| G |
dT, [ 1 —1(1+1)JTe [ 1 Oquh
dt CeRie Ce Rie Rea CeRea

Ixéon 2.14 — Ao popikeC e€lowoelg og popdn TILVAKWY

H oxéon 2.14 umnopei va ypadel kal og popdn Sltavuoudtwy onwg otn oxeon 2.15, omou T1o
Suavuopa T = [T;  T.]T eivon to Stavuopa katdotaong, to Stavuopa U = [T, P,]7T eivon
To Slavuopa €L0680uv, 6mou to Stavuopa A opilel mwg n mopovoa Kotaotoon Ba emnpPedcel
T SUVALKA Tou KTipiou kat to Stdvuopa B opilel mwg oL elcodol elodyovtal 6To cUoTNUA.

dT = ATdt + BUdt
Ixéon 2.15 — Aladoplkég e€LOWOELG 08 SLaVUOUATIKN popdn

To mo mavw ovotnua pmopesl eUkoAa va AuBel oto SLakpltd XpOvo HE APXLKEG OPLAKEG
ouvOnkec. H amddelén kabwe Kal o TeEAIKOG TUTIOC OVAITTUGCOVTAL TTANPWE OTn Tapaypado
3.1 tou apbpou Identifying suitable models for the heat dynamics of buildings [2B].

2.7.1. MovtéAo Ti

To povtélo Ti elval To o anmAo povtélo mou Unopel va xpnotponotnBel kat mapouvolaletal
otnv elkova 2.19. Itn ouyKekpLuévn gpyaocia toxvel @5 = 0 kal dpa oucLaotika Sivetal oav
eloodog n ewtepikn Beppokpacia T, kol n por evépyelag and to clotnua Bepuavong @y,
KAl UETPLETAL N eowTePLKN Beppokpacia tou ktiplou T;. O mukvwtng C; elvat n Oepuikn
XWPNTIKOTNTA TOou KTpiou kal n avtiotaon R;, €lval n Bepuikn avtiotaon Twv Toixwv Tou
Ktplou.

Interior Heater

T

Ci”— | ¥ Q)

Solar Envelope - Ambient

MY

w®  On

Ewova 2.17 - Movteho Ti

ATO tnv £wkova 2.19, mpokUmrtel oAU gUkoAa n Sadopikny e€iowon mou TepLlypddel To
OUYKEKPLUEVO HOVTENO.

ar; 1
Ci—=—T,-T)+®
ldt Ria(a L)+ h

Ixéon 2.16 — Aladopikr) e€lowon povtélou Ti
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2.7.2. Movtédo TiTh

To povtéAo nmapouaotaletal otnv lkova 2.20 kal n dtadopd Tou HE TO TPONYOUUEVO LOVTEAO
gival otL mpootiBetal n petafAnth katdotaong Th, SnAadn n Bepuokpaociao TOU CUGTHHATOC
Béppavone. Emiong mpootiBetal n Bepuik xwpntikotnta €, Twv cwHATwv Bépuavong
kaBwg kot pia Beppikr avtiotaon R;, TOU BPLOKETOL AVAUECO OTO ECWTEPLKO TOU OTILTLOU
Kol Tou cuotiuatog Béppavong. Akoua, otn oxéon 2.17 daivetal to clotnuo StadopLlkwy
£ELOWOEWV TIOU TIEPLYPADEL TO GUYKEKPLUEVO LOVTENO.

Int-criori Heater i Solar i Envelope i Ambient
T : : FRia !
; I I VW :
O — i @y, Th i Di i @_j T,
| Ch) | |
| | | |
: L : :

Figure B.4: RC-network diagram of TiTh.

Ewova 2.18 - MovteAo TiTh

dr; 1 1
——=— (T, = T) +— (T, = T;
Cl dt Ria( a 1) +Rih( h 1)
dT; 1
Ch—=—(T;—Tp) + @
h g Rih(l ) + @y

Ixéon 2.17 — Zuotnua Stadopkwv eflowoswv Hoviédou TiTh

2.7.3. Movtédo TiTeTh

H petopAnTr) KATAOTOONG TTOU TIPOOTIOETOL OTO CUYKEKPLUEVO HOVTENOD elval n Te, n omola
elval n Bepuokpaocia tou mepilyupou Tou Ktiplou. Onwe daivetal kol otnv ewkova 2.20,
npootiBetal kal n Bepuikn xwpntikotnta C, adol kamola Bepudtnta amobnKeVETAL Kol
otov neplyupo. AkOua n Bepuikn avtiotaon R;, xwpiletal mAedv ota dvo. H mpwtn, SnAadn
N R, Elval n avTtioTtaon avAapesa oTov EPLYUPO KOL OTO ECWTEPLKOV TOU KTLPLoU, eVw N Ry
elval n avtiotaon avapeoa otov mepiyupo Kol To eEwTePLKO TepPaAiov. To cUoTNUO TWV
SLadoplkwy £ELOWOEWV YLA TO CUYKEKPLUEVO HoVTEND, daivetal otn oxéon 2.18.

R R
:Ti ie Te ea
AN AN
Rih é

(-"i — r Th *AEN'(I)S CT) (-'Ye — .Ta @)

N —— Ch

-

=

Ewova 2.19 - Movtélo TiTeTh
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dT; 1 1
: (Te = T) + o= (Tp = Ty)

i —

bdt Rie Rip

dr, 1 1
e (T, —-T.)+— (T, —T

e T T T 4 (=)
¢, 1 (T, = T,) + &
hdt_Rih i h h

Zxéon 2.18 — JUotnua Stadopkwv eELoWoewV Hovtelou TiTeTh

2.7.4. Movtédo TiTeThTs
To ouyKkekplpévo HOVTEAD elval To Tio TeplimAoko ammd autd Tou Ba xpnotuonolnfouv otn

OUYKEKPLUEVN epyaoia, adou mpootiBetal kat n HeTaPAntr katdotacng Ts yla TN

Beppokpacia tou awoBntipa pétpnong. Avaloya ME TPV, TPOOTEONKE Mia Bepuikn

xwpntkotnta C kat pia Oeppkn avtiotaon R;s. To HOVTEAO TOPOUGCLATETOL OTNV EKOVA

2.21 kot To clotnpa Sladoplkwy e§lowoswy otn oxéon 2.19.
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Ewova 2.20 - Movteho TiTeThTs
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Ixéon 2.19 — JUotnua Stadopkwv eflowoswyv povtélou TiTeThTs
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2.8.'E¥vntva Ilpoidvta

OL KalvoTouleg oTIC 0oUPUATEG TEXVOAOYIEG KAl oTO cuotnuata aiocbnong fekivnoav va
ETUTPEMOUV TN KATAOKeEUN Yndlakwyv avamopaotdcewv oxedov omolaodAmote ¢GUGCLKAG
ovtotntag. ETol, KAvovtag xprion tng MANPOodOpLKAG KAl TWV TNAETKOWWVLWY KATEOTN
Suvatd va KATOOKEUAOTOUV VEX TEXVOAOYLKA TipoiovTa yla va KaAupBolv OAEC oL aVAYKES
KOLL OL QTTOLLTHOELG TOU KABE XprHoTn-KATOVaAWTH.

Ta €€umva mpoldvta elval TPoiovIa TTIoU KOTEXOUV Ta PUOLKA ETILTEVYHOTO TOU OpXLKOU
TpoiovToc Kat mapaAAnAa €xouv meplypadég Pndlakwv mpoloviwy. Kamola XapaKTnpLoTka
QUTWV TWV TTPOLOVTWV Eivat:
o Jyebldlovtal Kol KATOOKEUAIOVTOL WOTE VO OVTATIOKPLVOVTAL OTL( OVAYKEG TOU
XPNOTN-KOTAVOAWTH).
e 'Exouv tn duvatdtnta va MpooappolovTal OTLE avTLIOpACELG KOl OTLG OTALTHOELG TOU
XPNOTN-KOTAVOAWTH).
e ‘'Exouv tn Sduvardtnta va cuvdEovtal, va EMLKOWVWVOUV Kal va oaAAnAemdpolv e
AAAEG CUOKEUEC Kal TpoiovTa.

Ma TV avantuén Kol KatooKeur €EumMvwy MPOoIlOVIWY, OTNV ayopd, AmMOLTEITAL €peuva OE
Sladopouc toueic omwe marketing, MANPodoOPLKI], OLKOVOULKA, ETUKOWWVIEG, KOLVOTOMLAL.
(17]

O €€unveg ouokeuég [18] eival é€umva Tpoiovta ou eival cuvdedepéva e AAEG CUOKEUEC
Kal Siktua pe evoUpUATO | AcUPHUATO TPOTIO KOL UITOPOUV VA AELTOUPYCOUV QUTOVOUA I
£W¢ éva onpeio oe g€aptnon pe TG GAAeC ouokeuég. Kamola mapadeiypata £Eumvwv
OUCKEUWV TIOU Xpnotdomololvtal kadnuepwvd eival ta smartphones kat ta tablets. Ta
KUPLOTEPQ XOPAKTNPLOTIKA QLUTWV TWV CUCKEUWV Elval:

e XpnotwdomoloUv €va oUVOAO amo UAIKO Kal AOYLOMIKO TO Omolo EMITPEMEL TNV

nepatwon Stapopwv Epywv.
e  Mrmopel va £xouv tn duvatdtnta ¢popnTOTNTAC KAl KLVNTLKOTNTAG
e MrmopoUv va TPoCaPOCTOUV aKPLBWGE 0T XOPOKTNPLOTIKA ToUu KABE Xprnotn

TNV ouocla, oL €€UTVEC CUOKEUEG eilval pEpog evog £Eumvou cuotnpatog [19] to omoio
XPNoLUoToLlel aloBroelg Kol €AeyX0 WOTE va TEeplypAPel Kal va avoAUoEL KATola
kataotaon. Ta €fumvo cuoTthuota, UrmopoUv vo AdBouv amoddcel avaloya He Ta
S6ebopéva mou £xouv otn SLdBeor) toug eite pe KATOLO TPOMO TPOPAsdNG lte pe kamolo
TPOTIO TOU VO TPOCAPHOTOVTAL. 2TLC TILO TIOAAEC TIEPLITTWOELG, N €€UTIVASA TOU GUOTHATOC
Baoiletal os amodpAoelg TOU MAPONKAV ATO KATOLO KAELOTO cUoTnUa eAEyX0U, amd KATIOLo
clOTNUA EVEPYELAKNG OLKOVOULaC | amod TI¢ SuvatotnTeg MoU UMopel va TpoodEpel To
Siktuo.

Ta &fumva ouothuata amoptilovtal amd aloOnTAPEC, OCUOKEUEG TOU €AEyXOUuV TN
oNUATod0TNON Yla TOoV €AEYXO, CUOKEUEG TTOU AQUPAVOUV TIG amodACELG KAl CUOKEUEG OL
omoiec Ba avaldBouv tnv mpaypatonoinon the anddaong. Emiong, xwpilovtal oe tpeig
VEVLEG:
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e Hmpwtn yevia elval cUCKEVEC TTOU avayvwpeL{ouV OVTIKEIMEVA KOL TIOAUAELTOUPYLKEG
OUOKEUEG.

e H 8eltepn yevid elval CUOKEUEG YLO TIPONYHUEVA CUOTNHATA SLOXELPLONG EVEPYELOC
Kal yLa mepLBaiiovtikd Siktua aiobnong

e H Ttpitn yevid eival ocuokevuég mou ouvbualouv Kkamola guduia Kol KATOLEC
YVWOTIKEG AELTOUPYIEC WOTE va TTapEéXouv pia Slemadrn avapeoa oto GpuoLkd Kal
OTOV ELKOVIKO KOGLO.

2.9.Tpa@ko MeptBairov

To ypadiko meptpaiiov xpriotn (Graphical User Interface — GUI)[20] eival pia Stemadn ya
NV €MKowwvia Tou xpnotn Ue pla nAektpovikr) cuokeur]. Na va yivel o eUKoAn auth n
ETUKOWVWVIAL XpnotLpomolouvtal elkovidia, evdeitelg, kabobrynon kat GA\a evw emiong
umapyxouv ypadikd meptBaiiovta Pactopéva oe evioAég (command-line interfaces - CLIs),
OTIOU 0 XPNOTNC ELOAYEL EVTOAEC YL va BEPEL ELC TTEPAG TNV €pyacia Tou BEAEL va KAVEL. TN
olyxpovn €moyr, OMou xpnotlpomnolouvtol dladopeg NAEKTPOVIKEG CUOKEUEC yLa Stadopoug
okomoug, £xouv avamtuyBel ypadika nmeptBdAlovta yla cuokeuég omwe ta MP3 players, ot
KovoOAeg matyviblwy, Ta smarphones, Ta tablets, ol nAektpovikol UTIOAOYLOTEG, oL SLddopeg
OUOKEUEG ypadeiou kal TOAG GAAQ.

H avamtuén tou ypadikolu meplfdAlovioc xpnotn eival dlaitepa onuavTikng Kot
KOTATAOOETOL OTNV TIEPLOXN €peuvag ylo oAAnAsmidpacn avOpwrmou-pnxavns. O KUpPLOG
otoxo¢ eival va avoamrtuyxBel éva elxpnoto meplpallov Omou o xpriotng Oa pmopel pe
gUKoAla va olokAnpwoel TN OSladlkacio mou BéAel va kdavel. Emiong, mpémel va
nieplhapBavovtal 0Aeg ot TBavEC eTAOYEG Kal evBeifelg Tou TBavov va BEAeL va eTUAEEEL )
va 8eL 0 XpNnotng, XwpIic OUWE UTIAPXOUV TIEPLTTEG ETUAOYEG. MePLTTEG eMAOYEG, Hmopel va
au€oouv TNV MEPLTAOKOTNTA XPHONG TOU TEPLBAAAOVTOC KAl va TIPOKOAECOUV cUYXUON
otov xpnotn. Emiong, katd tnv avamntuén tou meplPaliovtog mpemel va SoBel Slaitepn
T(POCOXH OTO KOO OTo omoio Ba ameuBUVETAL N CUYKEKPLUEVN CUOKEUN adol pmopet va
UTIAPEOUV XPNOTEG TIOU VA LNV €XOUV LEYAAN €VTPLPH e NAEKTPOVIKEG CUOKEUEC.

21N OUYKEKPLUEVN gpyacia ival amapaitnto va avartuxBel éva ypadiko neplpaiiov wote
0 XPNOTNG va UTopel va elodyel To epdopadlaio mpoypaupo B€puavonc mou emBupel Kot
yla va Pmopesl vo mapakolouBel kdmola otolxelot Kal OTATIOTIKA. AKOUO, TO ypadlko
nieplPaArov Ba avamtuyBel pe TETOLO TPOMO WOTE VO UMOPEL va gival mpooBAactuo Kot omd
GAAEG NAEKTPOVIKEC OUCKEUEC OMWG smartphones kal tablets yia vo  SteukoAUvel
TIEPLOCOTEPO TOV XPNOoTN.
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KEDAAAIO 3. 2XEATIAXMOX
LYXTHMATOX

JTO OUYKEKPLUEVO KEDAAOLO, Ba TMOPOUCLACTEL TILO AVAAUTIKA TO UALKO TIou €eTUAEXONKE
KaBwg Kal o TpOmoc mou cuvdEBNKav HeTaty Toug OAa ta pépn. Emiong, mapouatalovrol ot
TEXVOAOYLEC TTIOU XpnoLuomoLiBnkay yla tTnv avamtuén tng Stadlktuakng epoapuoyng.

3.1. Raspberry Pi 2

To Raspberry Pi 2, elvat éva amno ta mo anodotikd povtéAa kabwg éxet 900MHz quad-core
CPU, 1GB SDRAM, 4 USB ports, full HDMI port, Ethernet port, micro SD card slot kot 40 GPIO
pins.[7]

Ewova 3.1 - Raspberry Pi 2

Me tn PBonbela twv GPIO pins, umopouue va ocuvdéooupe oto Raspberry Pi Siddopa
npooBeTa onwg 086vn adng, kepala Wi-Fi, kapepa, atodntripeg kat AAAa. TEAIKA EXOULE TN
SuvaTOTNTA VO KATOOKEUACOUE oo €va amd web server péXpL Kal €va Bvteomalyvidt n
OKOUA KaL €Va POUTIOT.

21N OUYKEKPLUEVN epyaoia, xpnotpomololpe ta GPIO pins yla va cuvdécoups alobntrpa
Bepuokpaociag, o omoiog Ba pag mapéxel TV duvatdtnTa TMOpoKkoAouBnong Tng
Beppokpaociag tou omnttol. Akdpa, Ba xpnotpomnolnBetl ocav web server yla t dthofevia Tng
web edpappoyngc.

3.1.1. Raspbian

To Aettoupykd clOTNHA TIOU XpNnoLuomoleital katd kUpLo Adyo oto Raspberry Pi eival to
Raspbian, to omolo eival Baolopévo oto Aettoupylkd cuotnua Debian. To Raspbian eivat
Aoylopko avolytol Kwdika Kot TpoodEpel TIg dleg Suvatotnteg pe ta umolourta UNIX
AELTOUPYLKA CUCTAUATA.
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3.2. AtoOntypag Ospuokpaciag: DS18B20

Ta BaOLKA TIPOTEPNLATA TOU CUYKEKPLUEVOU aloBntrpa eival ot eival adldBpoyog, otL €xEl
peyahog gVpog pétpnong Beppokpaciag (-55°C péxpt +125°C) kat €xel akpifeta +0.5°C yia
Beppokpaocieg -10°C ewg +85°C. AkOua, xpnolpomnolel texvoloyia 1-wire.

Ta 3 kaAwdSLa Tou XpnoLomoLel elvat Tdon, yelwaon kat dedopéva.

Ewova 3.2 - AleBntipag DS18B20

3.3. YAomoinon OeppopéTpov

Ma va Kotaokeuaotel To BepuopeTpo amatteital SLadlkaoia TOC0 GTO KOMUATL TOU UALKOU,
000 KL 0TO KOMUATL TOU AoYLOLKOU. Mo kaTtw avaAvovtal kat ol U0 SLaSIKaoleg.

3.3.1. YAko

Ma tn ouvdeon tou aweBntrpa oto Raspberry Pi, elval anapaitnta ta GPIO pins. Emiong
elval anapaitnto éva breadboard, mavw oto omoio Ba yivouv ot Stadopeg cuvdéoelg. Ot
ouvbioelg mavw ota GPIO, pmopouv va yivouv aneuBeiag pe kaAwdla ota pins A pumopet va
XpnoLpormnolnBei kamolo mpocbeto mou Ba emMekTelvEL T pins amod mAavw oto Raspberry Pi,
navw oto breadboard. H pébodog mou xpnoLpomoLlnOnKe ot MPOKELEVW TIEPLIMTTWON ATAV N
SeUTepn, Xwpig OHWC va uTtdpyel kamota Stadopd amno TNV npwTtn.

Ewkova 3.3 - Enéktaon Twv GPIO pins oto breadboard
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3.3V
GPIO 2 (12C1_SDA)

GPIO 3 (12C1_SCL) GND
GPIO 4 (GPCLKD) GPIO 14 (UART_TXD)
GND Bl GPIO 15 (UART_RXD)
GPIO 17 BF GPIO 18
GPIO 27 GND
GPIO 22 GPIO 23
3.3V GPIO 24
GPIO 10 (SPI_MOSI) GND
GPIO 9 (SPI_MISO) GPIO 25

GPIO 11 (SPI_SCLK)

5V
5V

GPIO 8 (SPI_CE0)

GND J GPIO 7 (SPI_CE1) Key
ID_sD ID_sc @ Power (5 Volts)
GPIO5 GND © Power (3.3 Volts)
GPIO 6 GPIO 12 @ Ground
GPIO 13 GND © General Inputs/Outputs
© 12C Interface
GPIO 19 GPIO 16 @ SP! Interface
GPIO 26 GPIO 20 O UART Interface
GND GPIO 21 O ID EEPROM Interface

Anapaitnto eival emiong va kotoavonBoluv ta GPIO pins yla va yivel ocwotd n
ouvbeopoloyia. Mo katw daivovral oto oxrpa ta GPIO pins Ue Tt Xprion Toug.

Ewova 3.4 - GPIO pins Raspberry Pi 2

AOYyw TOU OTL 0 aleBntnpag Hmopel va Asttoupynoel amoé 3-5.5V, emiAéyoupe va
XPNoLUomoLoou e to pinl pe ta 3.3V yia tnv tpododocia. EmAéyetal eniong To pin7 oav n
giocoboc yla ta dedopéva, adol To GUYKEKPLUEVO pin XElpileTal yevikég elodboug/e€odouc.
TéAog Ba xpnotpomolnBel kat to pinb yla tn yeiwon.

Eniong, o aloBntipag xpnolyomnolel pia avtiotaon n onoia ovopdletal pullup kat n omola
TIPETEL VAL TIOUPEUPAAAETAL LETAEY TNG YPOAUUNG SESOUEVWY KaL TNG TAONC. ZKOTIOC AUTAC TNG
avtiotaong eival yla va otabepomolel TN petddoon twv dedopévwy. TN Mepimtwon mou
emBbupeite n mapdAnAn olvdeon kat AMwv  1-wire awoBnthpwv, TPEMEL va
XpnotgornolnBouv ta idla pins kal povo pio avtiotaon [21]. ITn OUYKEKPLUEVN epyaocia,
XPNOLUomoLnBnke povo €vag alotntrpag. TeAKA To KUKAWUO TIOU TPEMEL va UAomolnBet
glvat To mo kaTw:

4.7kQ mwmos @ @ oo
T © © v

- wond @ @ o7
P1-25  P1-26
mm”

Ewkova 3.5 - KbkAwpa Osppopétpou (A) Bswpntikd, (B) mpakTiko

48



3.3.2. Aoylopuko

Apxika cuvdeopaote pe ssh oto unxavnua, otnv tevBuvon IP ou Tou 666nke péow dhep
client. Tn ouykekpluévn IP pmopoUue va tn SOUHE O TO router Kal OTNV TPOKELUEVW
neplmtwon elval n 192.168.1.2. To username Kot password mou {ntouvtal €lval pi Kat
raspberry avtiotolya Kal prmopoUlv va aAAGEoUV HECW apyoTEPNC PUBULONG OTO UNXAVNUAL.

JTn CUVEXELQ, TIPETIEL VA EVNEPWOOUUE LE TIG TEAEUTaleG avaBabpuioslc To Raspberry Pi, to
oTolo yiveTal EKTEAWVTOC TLG TIAPOKATW EVTOAEC:

1. sudo apt-get update

2. sudo apt-get upgrade

Metd, pmopel va yivel n eykatdotacn tou l-wire awobntipa pe ta €€ng PBruoatal22]:
Avolyoupe to apyxeio /boot/config.txt kot oto TéAog tpocOEToupe
dtoverlay = wl-gpio.
1. Kdavoupe emavekkivnon To pnxavnuo Le tnv evtoAn sudo reboot.
2. Otav ¢avavoi€el To unxAavna EKTEAOULLE TLG EVTOAEC
e sudo modprobe wl-gpio
e sudo modprobe wl-therm
e cd/sys/bus/wil/devices
o s
3. Xtnv 0Bo6vn Ba eudaviotel évag dakelog e ovopa 28-X OTou otnv MePIMTwor] Hag
givat X = 00000670834d. Tote, extedol e tnv evioAn cd ./28-00000670834d.
4. TEAog, ekteAoU e TV evioAn cat wl_slave kal BAEMOU UE TO MOPAKATW ATIOTEAE

[ T e

opa:

| 9 = 75

Ewkova 3.6 - Asttoupyla alobntrpa

AMo outo to amotéleopa katalaPBaivoupe Adyw tou YES OTL o auoBntrpag
Aettoupyel KOVOVIKA KAl OTL TN CUYKEKPLUEVN XPOVLKN OTLYUI £lXE KAVEL PETpNoN Lon
ue 23375/1000 °C = 23.375°C.

3.4. Avantvéin web E@appoyng

Itnv web edappoyn, o xprotng Ba €xeL tnv Suvatotnta va Stapopdwvel To TPOYPAULA TTOU
emBupel yia tn dlaxeiplon twv Beppokpaclwy Tou omitol Kot Ba pnopel va mapakoAlouBel
SlLadopa oTATLOTIKA TOCO yla tn Bépuavon Tou omitiol 000 Kal ylo TV mpoBAsyn Tou
KalpoU TIC EMOUEVEG UEPEC KAl WPEC. Ta Baolkd BApata yla TNV avamtuén tng epappoyng
pall pe TIG TEXVIKEG Kol T SLadIKaoleg TTou XpnoLuormnoL)onkay, avaluovtol otnv napouoa
napaypado.

3.4.1. Web Server

ApxLKA TIpETeL va ptLaytel évag web server otov omoio Ba ploteveital n edpappoyr, 6mou
OTN OUYKEKPLUEVN Ttepimtwon, To pnxavnua mou Ba dhofevel v edappoyr Ba sival to
(6l0 to Raspberry Pi. EvaM\oktikd, Ba pmopouce va ypnoipomolnBei kamowo Virtual
Machine(VM) wote va pnv onotallétol xwpog oto Raspberry Pi.
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3.4.2. Apache Server
Jtov web server omou Ba ¢hoteveital n edpappoyn, Ba eykataotabel Evag Apache Server.
Ma tnv eykataotacn akoAouBoUue ta Bripata:

1. ExteloUpe tnVv evtoAn sudo apt-get install apache2 —y
Eav 6ev elval yvwotn ndn n StevBuvon IP tou Raspberry Pi, tote ekteAolUEe TNV
€vtoAr hostname —I yLa va tnv doUue.

3. Itov browser Sivoupe oa SievBuvon tnv IP tou Raspberry Pi kal moapatnpoUue Otl
doptwvetal pla oedida mou eudavilel to pvupa It Works! omwg mio katw Kalt €tot
KatahaBaivoupe OTL €£XEL YIVEL CWOTA N EyKATAOTAON.

( \ ) Apache2 Debian Default Page
This is the default welcome page used 10 test the correct cperation of the ApacheZ server after
nstalation on Debian systems. If you can read this page, @ means that the Apache HTTP server nstaled
ot this site = working properdy. You should replace this ffle (located at fvar/www/hunl /index. . huml)
before contmuing to operate your HTTP serves
If you are a2 nomal user of this web site and don't know what this page s about, this probably means
thst the site 8 currently unavaiable due to mantensnce. If the problem persists, please contact the
ste's adminstrator
[ _Configuration Overvicw
Deban's Apache? default configuraton s different from the upstream defacit configuration, and spit nto
several fles optimized for nteraction with Deblan tools. The configuration system is fully docamented
in fusr/sharoeSdocSapache2 S/ README . Debian.gr. Refar to this for the fuf documentaton
Documentaton for the web server itsef can be found by acoessing the manual £ the apache2-doc
padcage was nstaled on this servec
The ceafguraton xyout for an Apache2 wed server sstalaton on Deban systems is as folows
Ewova 3.7 - Asttoupyia apache server

4. MNnyaivoupe oto ¢dakelo /var/www/html kat Staypadoupe to index.html wote va

MPOCOECOUE PETA TN SLKLA HaG apXLKr) ogAlda.
3.4.3. mySQL

H edappoyn mapéxetl Tnv Suvatotnta swoaywyng epdopadlaiov mpoypappatog BEpuaveng
Tou omtol. Mo KABe pépa 0 XPAOTNG UMOpPel va £loayel SLOPOPETIKO TIPOYPAUUD, LE
SL0POoPETIKO aplOUO SLACTNUATWY KOl Yyl 0UTO To AGYO MPOTLUNBNKe n amobrnkeuon twv
Sebopévwy autwv oe pa Bdon Sedopévwy SQL. Ma TNV EyKOTACTAON TNC CUYKEKPLUEVNC
Baong 6ebopévwv eKTEAOUE TNV TILO KATW SLadikaoia.

1.

Ekteholpe TNV evioAr] sudo apt-get install mysql-server. Katd tnv ektéheon tng
£VTOAN G {nteital éva password yLa Tov Xprotn root, o onoiog t€nke 1234.

Metd ektedoUpe tnVv evtoAn sudo apt-get install php5-mysqgl yia va sykataotabolv
ol avaykaieg BLBALoONnKeg tng php yia tnv mysgl.

Mo va avoifoupe to prompt Tng mysql pe dikawwpata Xprnotn root, EKTEAOUUE TNV
evtoAr] mysgl —p —u root.

Télog, amalteital va OSnuloupynooups €vo VEO Xpnotn o omoio¢ Ba €xel
TEPLOPLOUEVA SIKALWUATO O OX£0N LE ToV root oUTWC WOTE VO KNV Umopsl va
TPOTMOMOLAoeL KATIOLEG pubpuioelg. Mo TNV Snuloupyla Tou xprRotn autou, opiloupe
w¢ username kol password ta project kat 1111 oavtiotolyo Kol €KTEAOUUE OTO
prompt tng mysqgl tnv evtoAr CREATE USER ‘project’@’localhost’ IDENTIFIED BY
‘1111
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3.4.4. phpMyAdmin
Ma tnv eukoAotepn eneepyacia tng Baong dedouévwy mou dnuloupyrnoape, 6a KAvVouue
gykataotaon tou phpMyAdmin, To omoio pag mapexet ypadtko neptBariov enefepyaoiag.

ApXLKA, TIPETEL val YIVEL N eyKaTAoTaon, n omnola yivetal Pe tTnv evtoAr sudo apt-get install
phpmyadmin. Katd tn Sldpkela tng sykataotaong {nteital va emleyel o server mou Ba
xpnotuomotnBel kat emAéyoupe Apache2. Emeita {nteital to password (tou root) tou
OUVKEKPLUEVOU Server, TTou 0TV MEPLTTTWOor pog elval to 1234,

21N ouvéyela npemnel va e€aopaiicoupe otL o phpmyadmin Ba Asttoupyel owotd pall e tov
Apache Server kal £tol ekteAoU e Ta SUO TILO KATW Bripota:
1. Extelolpe sudo nano /etc/apache2/apache2.conf kat mpocBétoupe otnv teleutaia
ypappun tou apxeiov Include /etc/phpmyadmin/apache.conf
2. Kavouue emavekkivnon Ttou apache server ekteAwvtag Ttnv €evioAn sudo
/etc/init.d/apache2 restart yla va. poptwoeL To vEo TpomomnoLnUEVo apyeio.

Enewta, agol kdvoupe mpwrta login oto http://localhost/phpmyadmin/ (otn 8éon tou

localhost mpémel va pmet n &tevBuvon IP tou web server av to login yivetal amo
OTOUAKPUCKEVN CUCKEUN) oav root, Snuloupyolpe thv Pacn Sedopévwv amod to pevol
Databases. Katw amno to nedio create database, Tng divoupe to dvopa project Kol MATAUE TO
Kouuni create. H véa Baon mou SnuioupynBnke gudaviletal MAEOV OTO APLOTEPO HEVOU,
OTOU ETUAEYOVTAG TNV UMOPOULE VA TNV TPOTIOMOLNCOUKE KATAANAA. Mo Tnv dnuoupyia
TIVAKWY, UTIAPXEL N TEPLOXN create table 6mou pmopoU e va GUUITANPWGOOULE TO OVOLO TOU
Tivaka Kol Twv aplBpd Twv otnAwv Tou Ba mepLléXel. £t SIKLA pog MeplMTwon, MPEMEL va
SnuloupynBouv 7 mivakeg -€vog TivaKag ava NUEPA- TTou o KaBévag Ba €xet 3 oTAAEC -apxn
KOlL TEAOC XPOVLKOU SLaoTAATOC Kol embBupuntn Beppokpaocia.

# Name Type Collation Attributes Null Default Extra
1 From time Mo  MNone
2 To time Mo  MNore
3 Temperature int(11) Mo  MNone

Ewkova 3.8 - Mopdn mivaka yia kaBe nuépa tne efdopadag

MNa ta nedia From kot To dwaoape cav TUMO To time WOoTE Vol UMTOPEL 0 XPrOTNG VAl ELOAYEL
Sebopéva oe popdn xpovou(dniadn otn popdrn HH:MM:SS) evw oto Temperature opioape
va €XeL TUTO integer WOTE va UMOPEL va €LOAYEL 0 XPROTNG £va akEpalo aplBud ocav v
emBuuntn Beppokpaaia.

Télog mpémel va 608oUv katdAnla OSikalwpata otn BAcn ywo. Tov Xpnotn Tou
SnuloupynBnke 1o mpv. EmAéyovtag tnv Kaptéla USERS pmopoupe va Solpe 6AoUG Toug
XPNOTEC TIoU €xouv TipocPaocn otn Baon dedopévwy mou dtidéape. e auth tn Alota AoLmov,
Bplokoupe tov Xpriotn He TO OVouO project Kol matdpe oto edit privileges. 3tn cuvéxela,
TATAUE amod To pevol Tnv Koptéla Database kat Sivoupe otn Bdon mou dnuioupynoape
nipLv Sikotwparta SELECT, INSERT, UPDATE kot DELETE kat matape GO.
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p h p M 7 Senver: localhost =

RElze0) € Databases || SQL |§ Status = Users [ Export |5} Import 4° Settings = | Replication = ¢| Variables = Charsets |4 Engines

Recent Favorites
4 New Global ~ Database = Change password  Login Information

%1 | information_schema

*:«- mysal Edit Privileges: User ‘project'@ 'localhost’
%L performance_schema

+. | phpmyadmin

5 project Database-specific privileges
Lj New
-L, 4 Friday
‘L—J', Monday project  szLzcr, Inszar, vpparz, peLeTE Mo No & Edit Privileges 3 Revoke
-Ly, Saturday
-L.y_ Sunday Add privileges on the following database: | Use text field: B @
-Lyr Thursday
Ly, Tuesday
-L_yr Wednesday Go

Database Privileges Grant Table-specific privileges Action

Ewkova 3.9 - AAAayn SLKOLWUATWY

3.4.5. RRDTool

To Round Robin Database Tool (RRDTool) [23] eivat pia Baon dedopévwv avolyTou KwdLKa,
otnv omola pmopolpe va anoBnkelooupe dedopéva oe oxéon e Tov Xpovo. Emiong, ol
Baoelg mou SnuLloupyolvTaL €X0UV TNV LOLOTNTA va €Xouv oTABEPO UNAKOC KOL UIMOPOULE
€UKOAQ VO TTOPAYOUHE YPAPLKEC TIAPACTACELS VLA CUYKEKPLUEVA XPOVLKA SLAOTALOTA ylo va
SoUpe ta Sedopéva. TENog, urtootnpiletal EUKOAN EVOWUATWON Tou epyaleiou og Stadopeg
SnuodAng YAwaoaoeg mpoypappatiopol onwe shell scripts, python kat ruby pe anotéAeopa
va elval moAU euxpnoto.

‘Eva Baolko yapaktnplotikd tou RRDTool sival o xpovog kataypadng te HeETpnong mou Ba
eloaxBel otn PBdaon. Kata tn dnuwoupyia tng PBdong opiloupe €va time-slot kal €tol
Kataywpeital pétpnon amd tn mnyn Oedopévwv (DS) otn Pdon avd CuyKekplUéva
Slaotiuota.  AkOpa, ylo €€olkovopnon Xwpou, umopel va oplotel evomoinon Twv
6£60UEVWV HETA ATIO CUYKEKPLIEVO XPOVIKO SLAoTnpa KaBwg miong Umopel va opLoTel Kat
n ocuvaptnon(CF) pe tnv omnola Ba yivel n evonoinon (average, minimum, maximum kot last).
Ta dedopéva mou evomololvTal e Tov i6Lo tpdmo anobnkevovtal ota Round Robin Archives
(RRA) kat kaBe Pacn umopel va €xel mépav twv €vo¢ RRA. Me autd To TPOMoO, TO
OUYKEKPLUEVO pyaleio poodEpel eUKOAN amoBrikeuon Se50UEVWV KAl OTOTLOTIKWV.

‘Eva mapadelypa oplopol plog faong pe RRDTool avalvetal mio katw[24]:

rrdtool create temperature.rrd —start now —step 300 DS:temp:GAUGE:600:-50:50
RRA:AVERAGE:0.5:1:288 RRA:AVERAGE:0.5:12:168 RRA:AVERAGE:0.5:12:720

To ovoua tn¢ Baonc mou Ja dnutovpyndei opiletal wg temperature.rrd ko ekiva va
AauBavel uetpriosig ansvBeiac peta tnv dnutovpylia tng. Opilovtal wg time-slot ta
300sec, 6nAadn ta 5 Aentta evw n ninyn dedouévwy temp opiletal 0t eivar GAUGE,
ott dnAadn ExeL karmola apyn Kat TEAOC OTIC TUEC TTou uropei va AaBel. Emiong, oe
oxéan ue tnv nnyn opiletal to heartbeat 600sec kat apa ov Sev Anedei kamola
UETPnon oe autd ta 10Aenta, eioayetal tiun UNKNOWN kabwe emionc opiletal ot
n eAdytotn tun mou umopel va AneUei eivat to -50 kat n peyLotn to 50. 2Tn ouVvEXELa
opilovtal 3 Stapopetika RRA. 5to mpwto RRA amodnkeUovtal ot BeploKpaoies yla
Ui nuUEpa apou XpnoLUOTTOLEITAL Wit TLUN QT QUTEG TOU TApOnkav yla vo
armoUnkeutel kat umndpyouv 288 eyypapéc (1*300%288=86400sec=1440min=24hr).
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210 beutepo RRA amolnkevovrat ot Jepuokpaocisc yia o eB8bouada oapou
xpnotuormolouvtatl 12 TIUEC Kot UTapyouv 128 EYYPOPEC
(12*300*168=604800sec=10080min=168hr=7days). Avrtiotoiya yiax 10 TpiTO RRA
unodoyiletar  12*300*720=2592000sec=43200min=720hr=30days  kat  dpa
urntoAoyiletat o pEoog 6po¢ Jepuokpactwv yia Eva unva. H tyun 0.5 mou supaviletot
kot T 3 RRA, opilel mmoio LEpog Tou evomolnuévou tunuato¢ Sa AaBet tiun yla
niepintwon mouv vrtapxst UNKNOWN.

H rrdtool create lval povo pia armo TG EVIOAEC TTOU UTIOOTNPLLEL TO CUYKEKPLUEVO EpYaAEio.
AMEG €VTOAEC TIOU UTtAPXOUV €lval n update pe tnv omola UMOPOUUE VO ELCAYOUUE
Sebopéva otn BAon yla T CUYKEKPLUEVN XPOVLKA oTlyun, n fetch pe tnv omola pmopol e va
Tmapoupe kamola Sedopéva kal n graph pe v omola unmopoUpe va AdBoupe ypadukn
avanopactacn twv 6e6o0uEVwY Pag.

lMNa TNV eykataotoon tou rrdtool amattouvtal va eKTEAECTOUV OL TLO KATW[25]:

1. export BUILD_DIR =/tmp/rrdbuild
export INSTALL_DIR=/opt/rrdtool-1.4.5
mkdir -p SBUILD_DIR
cd SBUILD_DIR
sudo apt-get install libpangol.0-dev libxml2-dev

2
3
4
5.
6. wget http://oss.oetiker.ch/rrdtool/pub/rrdtool-1.4.5.tar.gz
7. gunzip -c rrdtool-1.4.3.tar.gz | tar xf -

8. cdrrdtool-1.4.5

9. ./configure --prefix=SINSTALL_DIR && make && make install

To rrdtool xpnolponotBnke 1600 yla TNV anobrkeuon Twv BepUOKPACLWY TOU OTILTLOU ATt
TOV aLeBNTAPO 00O KL YLa TNV AMoBAKEVON TWV EEWTEPIKWY BEPUOKPACLWV.

3.4.6. OpenWeatherMap API

Ma tnv kataypadn tng eEwteplkng Beppokpaciog dev xpnolponolndnke aledntripag alla
to OpenWeatherMap APl (Application Programming Interface). Me tn BonBesia tou API,
UMOPOUHE va KAVOoupe Sladopa altipata oto openweathermap.org Kol oQUTO va MG
TIAPEXEL OAEG TLG TTANPOodopieg TToU XpelalOpaote. EKTOC amo TV CUYKEKPLUEVN UTInpeoia,
UTIapXOUV Kal Stadopec AMEeG UTINPECLEG OL oToleg apExouv Stddopa OTATLOTKA yLo TOV
KalpO Kal WMmopouv va xpnolgorolnBolv. H cuykekpluévn emdéxbnke yilatl mpoodépel
Swpeav TIG UMNPECLEG TNG, £XEL oTaBuoUC UETpnong Beppokpactwy os MOAG onpeia tng
ABrivag koL mpoodEpel emiong TPOPAsdnN TWV KAPLKWY CUVONKWV ylot TG E€MOUEVEC 5
NUEPEC.

Mo va KAVOUWE Xprion TOU GCUYKEKPLUEVou APl mpémel va akoAouBnBel n mopokdtw
Sladkaolaf26][27]:

1. Kavoupe eniokedn otnv wotoceAida http://openweathermap.org/ kal matape

MAVW apLoTeEPA To Koupmi Sign Up yla va SnULoupyroouphE TO AoyapLacpo
xpnotn. Adol ohokAnpwBei n Siadikacia, Sivetal to APl key to omoio 6a
xpnotporoleital kaOe popd mou Ba yivetal kKAfon otnv untnpeoia.
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EiOpenWeatherMap

Weather Maps ~ API Price Partners Stations News About ~

Username D
Email
Full name
Save
API key 1f2bfcca78954c16ca3b945f0c23¢776
Reset APPID

Ewova 3.10 - API key

. Alo 1o pevou Maps -> Weather maps, pmopoUpe va S0Upe OAOUG TOUG

oTaBUOUG avd TO TIAYKOOKLO KOl Vo BPOoUME TOV TILO KOVIWVO OTn MEPLOXN, O
omoio otn mepintwon pag sival oto Bupwva. Emetta, KAvoupe eniokedn otnv
LotooeAida http://bulk.openweathermap.org/sample/ kot avoiyouue to apxeio

city.list.json.gz oto omoio pmopoUue va Bpoupe Sladopa XAPAKTNPLOTIKA TOU
KaBe otabuou. To XAPAKINPELOTIKO TIOU HOG evOLOdEPEL ylad VA KAVOUUE TLG
KANoELG elval n tautotnta (id) kat yia Tov otabud oto Bupwva n tautotnta eivat
251948.

‘Exovtog to ID tou otaBuol mou Ba xpnolpomnotjooupe pall pe to API key,
UIMOPOUUE va KAVOUHE Slddopec KANOELG Kol va AABOULE Ta oOToLXElol TtoU
emBbupolpe. OL  KAQoelg mou Ba  yivovtaw  elvat NG popdNC:
http://api.openweathermap.org/data/2.5/weather?id=251948&APPID=1f2bfcca
78954c16ca3b945f0c23c776 kol emiotpédouv To amotéAecua os popdr JSON
amnod nmpoemihoyn.

{"coord":{"lon":23.75,"1at":37.97}, "weather":

[{"id":500, "main":"Rain", "description":"light rain","icon":"10d"}],"base":"cmc
stations"”, "main":

{"temp":292.819, "pressure":1013.43, "humidity":67, "temp min":292.819, "temp max":292.81
9,"sea level":1027.84,"grnd level™:1013.43},"wind":
{"speed":2.31,"deg":16.5022},"rain": {"3h":0.3275}, "clouds":
{"all":76},"dt":1462530784,"sys":

{"message":0.0035, "country":"GR", "sunrise":1462504959, "sunset":1462555262},"1d":25194
8, "name": "Vyronas", "cod":200}

Ewkova 3.11 - Anotédeopa kAnong OpenWeatherMap API

Me mapopolo TPOmo Tou Prpatog 3 yivovtal kal oL KANOELG yia Thv TpoRAsdn
TOU KalpoU. H ouyKkekplpévn utinpeoia mapéxel mpoBAsdn yla TG eMOUeVeEG 5
NUEPeG pe avavéwon mpoPAedng kabe 3 wpeg, KaBwWG Kot TPOPAsdn yla TIg
enoueveg 16 nuépeg e avavéwaon mpoBAsdng kabe 1 nuépa.
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3.4.7. Crontab

To crontab eival epyaleio ywa xpovodpopoAoynon Oladlkaolwy, OMouU UMOpPOUUE val
Bfooupe kaBe mMOCO XpoOvo BEAOUUE va TpEXOouV oto umoBabpo kamola scripts. Itn Sikia
Hog nepimtwon BéAoupe va TpExouv KaBe 1 Aemto Ta scripts yla TNV PETPNON TNC ECWTEPLKAG
Bepuokpaociag and tov alodntipa Kol TNG KAong oto APl yia tnv e€wtepikr) Bepuokpaoia.
AkOpa, £meldn) BEAOUUE va TPEXOUV T CUYKEKPLUEVA scripts otov apache server mou
SnuoupynOnKe Lo TIPLYV, TIPETIEL VAL TPOTIOMOLI|GOUE TO crontab Tou xpriotn www-data, o
ormolog elval o mpokaBopLoUEVOG XPHoTNG YLo Tov apache server. H kAfon dpa mou Ba yivel
elval sudo crontab —u www-data —e kot tote Ba avoiéel To apxeio 6mou Ba MPooBECOUE TLG
EVTOAEG yLaL vaL TPEEOLV T scripts Tou eTUOUMOUUE.

# min (0 - 59)

# hour (0 - 23)

1 day of month (1 - 31)

# I month (1 - 12)

# | day of week (0 - 6) (0 to 6 are

I
|
||
| ||
|1
Sunday to Saturday, or use names; 7 is Sunday, the same as 0)
| |1
|11
*oEE command to execute

Ewkova 3.12 - Mopodr evtoAwv oto crontab

Ol eVIOAEG MOV TIPOCOETOUE OTO crontab TPEMEL va £€XOUV TN GUYKEKPLUEVN Hopdr Tou
dalvetal otnv ekova 3.12 wote va opiletal cwotd o xpovog emavainPng tng KABe evtoAnc.
Aedopévou otL BENoU e va TpEXouv Ta scripts kABe 1 Aemto, ot evioAég Ba elvatl Tng popdng
*/1* * * * eytoln.

Ma tnv opbn Aettoupyeia tou crontab, undpyouv 3 onueia ta omola mpénel va AndBouv
uroyv:

1. AdoU olokAnpwBel n kAdBe evioAn, o crontab daemon amootéA\elL oto xprotn
HEow email To amotéAeopa tng oAokAnpwaong Kat eldomotroelg. Na va AndBouv
outa ta email Ba TPEMEL va UTIAPYEL EyKATECTNUEVOC £vag mail server o omoiog
Ba £xel Mail Transfer Agent (MTA). H ouykekpluévn £€kdoon twv Raspbian Sev
£XEL MpoeyKateotnpévo Tov mail server kal dpa MPEMEL va eykotaotabel pe tnv
evtolr sudo apt-get install postfix.

2. To crontab mou tpomomnolibnke adopd To Xprotn www-data kal apa OAeg ol
eVIOAEG Tou Ba ektedectolv Ba eKTEAECTOUV QMO TOV CUYKEKPLUEVO XProTh,
énhadn Ba eival tng popdng sudo —u www-data command. Mo va Pnopéoel
wotoco o www-data va TIC ekteAéosl Oa mpEmel va €Xel Ta KATAMNAQ
Slkalwpata og OAA Ta EMUEPOUC apxeia Kol pakéAoug mou epumAékovtal. Mo va
SWooUPE Ta SIKALWUOTO TTOU AALTOUVTAL, TIPETIEL VAL TPEEOUE YLa KABE apyeio
Kol pAKEAO TLG OPOKATW SUO EVIOAEG:

i. sudo chmod +x path
ii.  sudo chown www-data:www-data path
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H mpwtn evtoAn Sivel Sikauwpata execution evw n deutepn Sivel dikalwpata
otov xpnotn www-data.

3. AdoU AelToupynoel yla KATMOLO XPOVIKO Siaoctnua(m.y. 5 Aemtd) o crontab,
TPENEL va emaAnBbeutel n owotn Asttoupyla Tou amo ta logs mou amoBnkeveL.
Mo va dolpe ta logs, ekteAoUpe tnv evtoAr grep CRON /var/log/syslog. Edv n
AelTtoupyla gival owoTtr, 0TO AMOTEAECHA TNG TILO TIAVW EVTOANG, BAEMOUUE TNV
KAaBe evtoAn va ekteleital kaBs 1 Aemtd pe tnv Porbsla Twv timestamps mou
UTTAPXOUV.

3.4.8. HighCharts

To HighCharts [28] eivat BLBALoBAKkeg ypaupéveg oe kwdika JavaScript mou amookomoluv
otnv mopouciaon Sladopwyv ANMOTEAECUATWY O  Hopdr SLadpacTIKwV  YpopLKWY
TIAPAOTACEWY O€ [l LOTOOEAISA KOl TTapEXETAL SWPEAV yLA KN KEPSOOKOTILKOUG OKOTOUG.
AOYW TOU OTL elval TTOAU eUKOAO OTH XPron, Elvol EUEALIKTO, TTAPEXEL L0 TEPACTLA VKA VLol
napouciaon omoTteAeCUATWY Kal gival Sladpaotiko, £xel yivel Slaitepa SnUodpAEC Kot
XPNOLUOTOLELTOL QMO HEYAAEG TTAYKOOULEG £TALpleG OMwG oL facebook, tweeter, yahoo, visa,
nokia kot TToAAEG GAAEG.

Ol ypadlKEG MAPACTACELG TIOU UMOPOUV VO GTLAXTOUV, UTMOPEL va €lvol OTAEG YPOUMEG
(lines), unapeg (bar), meploxég (areas), miteg(pie) kat MOANEG GAAeG. Emiong elval Suvatog o
GUVSUQGHOQ 6La¢op8TLva - DEFAULT DARK UNICA SAND SIGNIKA GRID LIGHT
MAPAOTACEWY OTo (810

ypadnua kabwg emiong Combination chart

UTapXeL n  duvatotnta 1

Total fruit consumption

- &

moMarmlwv  afovwv e

OMOTEAECUO VO TIAPEXETOL

Values

SuvatotnTa TPOCAPUOYNG

oe kGBe eilboug avayknc. - I
25
Itnv LotooeAida I I I
http://www.highcharts.co 0
Apples Oranges Pears Bananas Plums
m/demo, uTtdpxouv OAEG oL Jane Wjohn ©joe O Average

mbavég  emloyéc  Tou
urnopoUv va yivouv, pall pe RN NS
TOV OVTIOTORO Kwdlka Yot Ewkova 3.13 - Mapdadetypa Suvatotntag HighCharts

va gival akopa 1o eUKoAo

otn Xpnon. AKOua, yla va amAomolnBel akoun meplocdTePo N Xprnon Toug, o KwdLKAE TTou
napexetol pnopel va emnefepyaotel aneuBeiag oto jsfiddle mou elval pla Stadiktuokn
UTINPEGLOL TTIOU ETILTPETEL OTO XPNOTN va SeL Kal va enetepyoaotel aneuBelog Tov KwSIKA Tou

yla tnv LotooeAida mou BEAeL va Ttapaéet.

EmunpooBeta, to HighCharts mapéxet moAEG SLaSpaOTIKEG ETAOYEG YLA TA YpodrLoTa TTOU
npood£pel[29]. Mia e autwv elvalt n ameubBeiag ektumwon Tou ypadnuatoc [ N
anoBnkevor tou os popdic PNG, JPEG, PDF kat SVG. EmumAéov, pe tnv peTakivnon tou
Képoopa os éva onueio spdaviletal n TR TOU CUYKEKPLUEVOU GNUELOU KAl TO OVOMA TNG
OELPAC oTNV omoia avhkel. Emiong mapéyovral Suvatotnteg epdaviong evog CUYKEKPLUEVOU
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UEPOG TOU ypadruatoc, LeyEBuvaon o £va CUYKEKPLUEVO onUelo, evdula otn xprion afovwy
XPOVOU Kol TTOANG GAAQL.

Yndpyxet cupPBatotnta otn xprion tou, otoug browsers Internet Explorer, Firefox, Chrome,
Safari, Opera, iOs(Safari) kat Android Browser kat pmopel va tpé€el mavw amo jQuery n
Standalone Framework[30]. T tnv xprion Tou, 8V ATALTEITAL OUTE KATIOLO EYKATAOTOON
otov server oUTe kamoto plugin tumou Flash y Java atnv mAeupad tou xprotn.[31]

Ma tnv eykataotacn tou HighCharts ekteAoUIE TIC TTILO KATW EVTOAEG:
1. wget http://code.highcharts.com/zips/Highcharts-4.2.1.zip
2. sudo mv ./Highcharts-4.2.1.zip ./path
3. sudo unzip ./path/Highcharts-4.3.1.zip

Itn ouykekpluévn epyaocia, to HighCharts, xpnotpomow|Bnke ywa v efaywyn 3
vpadnuatwy. Zto éva gpdaviletal n mpoPAedn Tou KALPOU yla TIG EMOUEVEG 24 WPEG Kol
oto dAo gpdavilovtal oTtaTloTkA SLadpopwv BepOKpACLWY.

3.4.9. Bootstrap

To Bootstrap elvat pio dwpeadv PLPA0OAKN avolxtol KWOWKA yla TNV  avamrtuén
avtamnokpioluwy LotooeAibwv i Stadiktuvokwv edoappoywv. Elvar emiong front end web
framework, dnAadn elval diemadn yla Tov XprRotn kot oxL Kwdlkag ya tov server. To
Bootsrap ival ocupato pe TG KowvoUpleg ek8O0eLS Twv pulopetpntwy Internet Explorer,
Firefox, Chrome, Safari kot Opera. AkOua, umootnpilel ovrtamokpioluo oxedSlaopud
(responsive design), SnAadr pe BAon T XAPAKTNPLOTLKA TG CUOKEUNG TIOU XPNOLUOTOLELTAL,
n dlatagn tng LotooeAidag nmpooapudletal Suvaplkd pe amotédeopa va yivetal duvatn n
EUAVAYVWOLO TOU TIEPLEXOUEVOU TNG LOTOOEALSOC N TNG edapuoyng o OAa T HeyEDN
o0Bovng.

To Bootstrap TapEXeL OTOUC MPOYPAUUATIOTEG Mia HeydAn ykApa duvatotitwy. Mwa amno
QUTEG TG SuvatdtnTeG £lval 0 XWPLOWOG TOU MAATOUC TG 08ovng os Tunpota Sladopwy
peyebwv. Katd tov XwpLopo, umdapyel emiong emAoyn mou puBpuilel to mAATog TnG KAOe
OTAANG avaAoya HE Tov TUMO TNG OUOKEUNG. AkOpa, xpnotuormolel kwdika CSS yia tnv
uopdomnoinon 6Awv Twv Baotkwy otolxeiwv HTML (mivakeg, pOpUEC, KELUEVA) WOTE AUTA va
£€xouv olyxpovn eudavion. Emumpdobeta ota Paocikd otolxela HTML, €xouv mpootebel
Kamola otolxela meptBAAoviog mou SLEUKOAUVOUV TOV TPOYPOUMATLOTH Kol TapaAAnAa
KAVOUV TNV LotooeAida n tv edappoyn TLo eVTUTIWOLOKH. KAmola and autd to otolxeia
glval n opadomnoinon koupmwy, n MAonynaon, n oeAldonoinon, ot TIKETEC, T ELKOVISLA, Ta
TMPOELSOMOLNTIKA.  HNVUPATA KOl Ol ypappég mpoddou. Eival okdpa Suvatdv va
XpnoLpormnolnBei kamolog kwdikag JavaScript os popdr| jQuery plugin wote o xpRoTng va £XeL
uia mepetaipw Slemadn pe ta otolyeia. TETola otolxeia eival ta mapdBbupa Staldyou, ot
ene€nynoELC, OL ELSOTOLAOELG KoL T KAPOUGEA. [32]

Afloonueiwto eival otL otnv lotooeAida tou Bootstrap, eival SwaBéowpa OAa Ta
XOPAKTNPLOTIKA KAl oL SuvaTtotnTES ou MpoodEpel KOBWE UTIAPXEL ETIiONG Kol KWSLKAC oav
BonOntikd UALKO. Emtiong, untdpyouv oA\ mapadelypota and dtadopec LotooeAideg tov To
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xpnotgomotioav yia va §o6olv cav OEeC Kata TtV avamtuén tng véag LotooeAidag n
edpapuoyng. To Bootstrap, phoeveital, avantuooetal kat ermidltopbwvetal oto GitHub. [33]

JTn OUYKEKPLUEVN epyacia, xpnolpomnolnbnke to Bootsrap, oUTw¢ wote va avamntuxbel pia
o ouyxpovn dladiktuakn edappoyn Kat n omola Ba pmopel va mpooappoletal oe OAwv
TwvV eldwv 0006veg.

3.4.10. nolP

To nolP eivat évag mapoxog Dynamic DNS (Domain Name System) mou efaocdalilel tnv
OTTOLAKPUCHEVN XPrON MLOG OUOKEUNG. O OUYKEKPLUEVOC TLAPOXOG, LETPAEL 20 EKATOUUUPLAL
XPNOTEC KOL €YYUdTOL TNV OUVEXOMEVN Aetoupyia TG unnpeoiag. EmAéyoviag €va
hostname amnod tnv unnpeoia, yivetat avtiotoiylon autou tou hostname pe tnv I[P mou
€XOULE TN OUYKEKPLUEVN OTLYUN Kal kaBe dopad mou aMdlet n IP tng OUOKEUNG, N
avtiotoiylon avavewvetal. H avaykn ywo xpnon HLoG TETOLAG UTNPECLOC €YKELTOL OTO
YEYOVOC OTL oL IPs TIou YXpnOLUOTIOLOUME QMo TOUG TapOXouC TNAETLKOWWVIWY €lval
SUVOLLKEG Kl OXL OTATIKEG.[34]

O OUYKEKPLUEVOG TIAPOXOC, TIOPEXEL OWPEAV TL UTINPECLEG TOU Ot HEAN Tou B€Aouv va
xpnotgornotnoouvv £€wg 3 hostnames pe tnv mpolmnoBeon OtL Ba €XOUV TIEPLOPLOPEVEC
emAoyEg and domains kot OTL Ba MPEMEL va emBeBALWVOUV TN Xprion T unnpeoiag Kabe
30 nuépec.[35]

Ma va XpnOLUOTOLOOUKE TNV UTthpeoia, TPEMEL MPWTA va SnULOUPYrCOUE AoyapLacHO
otnv LotoceAida http://www.noip.com/. ApoU lo0éABoue oTO Aoyoplacuod, €TUAEYOULE

create hostname kal €l0AdyoUUE TO OVOUO TOU emBUpPOUME. XTn Tapouca epyaocia
emAéynke to thermostat-pi.ddns.net.

Hostnames Groups

Manage Hostnames Q
Hostname IP / Target Type Status
thermostat-pi.ddns.net © 46.103.160.52 £+ Modify x

Ewova 3.14 - Anpoupyia hostname otov mapoyo nolP

AOyw Tou OtL n public IP ou pog Sivetal pmopet va alagel og kamola otypn, 6o mpémet va
OVEVWVETOL CUVEXWC N avtlotoixton tou hostname pe tnv IP. Na autd to Adyo TpEMEL va
xpnotpornotnBei to No-IP DUC to omoio sivat umelBuvo yla autr thv avtiotoixion. Ma tn
XPrON TOU EKTEAOUE TLC TILO KATW €VTOAEC[36]:
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wget http://www.no-ip.com/client/linux/noip-duc-linux.tar.gz
tar vzxf noip-duc-linux.tar.gz

cd noip-2.1.9-1

sudo make

vk wnN e

sudo make install

to ouykekplpévo PBrApa Ba IntnBouv ta username Kal password Tou no-IP
AoyaplacuoUl mou dnpioupyndnke KabBwg Kal 0 XpOVOG KATA Tov omoilo Ba TpEXEL N
UTINPECLA yla va KAVEL TNV avaveéwan. € auTh Ty gpyaocia ermAéxOnke ioog pe 30
Aemra.

6. sudo /usr/local/bin/noip2

7. sudo noip2 -S

MNa tv opbn Aswtoupyia tng unnpeoiag mpémnel eniong va pubulotel KatdAnAa kat o
Spopoloyntrg ToU XPNnoluomoloUUEe. Avaloyo HE TO HOVTEAO Tou &popoloynth, n
napakatw Sladlkaocio Sladépel. ITn OUYKEKPLUEVN TEPUMTWON, yla va emefepyactol e
KAmoleg puBuioelg tou Spopoloyntr, Kavoupe eicodo otnv LotooeAida 192.168.1.1.

ApXIKA, TIPEMEL va evepyomolooupe tnv unnpecia DDNS oto Spopoloynth Kol dapa
ETUAEYOULE ATO TO MevoUu TNV Kaptéda DDNS. ZupmAnpwvoupe TiG MAnpodopieg mou
amattouvtal kat ota nedia Account kat Password Sivoupe autd ToU XpnOLUOTIOLRCAE YL
v dnpoupyia tou Aoyaptacuol nolP.

Dynamic DNS @ Enable Disable
Provider No-IP -
Domain Name thermostat-pi.ddns.net

Account / E-mail

Password / Key o MENND

Ewova 3.15 - Evepyormoinon umnpeoiog nolP otov 6popoloynth

2T ouvéxela TPEMEL va yivel Port Forwarding tng moptag 80 mou eival n mopta hhtp. Me
QUTO TOV TPOMOo KABe altuata mou ¢tavouv otov Spopoloynty oto port80, Ba
petadépovtal oto port80 tou web server yia mpoBoAr] Tou web-app. EmAéyoupe Aoumov
omod to pevol, NAT -> Virtual Server kol CUUTANPWVOUE TOV Ttivaka KAtAAANAQ.

No. LAN IP Address Protocol Type LAN Public Enable

Port Port
1 192.168.1.2 [Tce 5] [so |s0 Fi Add | Clean
2 192.168.1. [Tcp [~ [ [ Add | Clean |

Ewkova 3.16 - Port Forwarding

MAnktpoloywvtag Aowmov t SievBuvon thermostat-pi.ddns.net amoé omolodnmote Siktuo,
UmopoUpe va €xoupe mpooPacn oto web application mou SnuioupynBnke yla Tov
Beppootatn.

59


http://www.no-ip.com/client/linux/noip-duc-linux.tar.gz

3.4.11. TAwooeg [Ipoypappaticpov

Mo ToV MPOYPAUUATIONO TWV CeAdWV TNG edapuoyng xpnotuomotndnkav ot y\woosg HTML
kat PHP kat n CSS yia tnv popdomnoinon. H yAwooo PHP &gv elval mposykateoTnUEVN OTO
Raspberry Pi aAAG umopei eUkoAa va eykataotabel pe tnv evioAn sudo apt-get install php5
libapache2-mod-php5 —y.

AkOpa, yla OAa Ta scripts €xel xpnowomolnBei n yAwooca Python mou ntav
TIPOEYKATECTNHUEVN. QOTO0O XPELAOTNKE va gykataotabel to mpdobeto yia to RRDTool pe
tnv evtoAn sudo apt-get install python-rrdtool kot yia to mpooBeto yio tnv mySQL pe tnv
evtoAr sudo apt-get install python-mysqldb.

TéNog, €xel xpnolpomownBel n yAwooa JavaScript yia tov Xelplopo twv HighCharts, mou
enionG ATV TPOEYKATECTNLEVN.
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KEDAAAIO 4. WEB E®@APMOT'H

Y& auTo To Kedpahalo, Ba mapouciaotei n Stadiktuakr epappoyr) mou avantuxbnke wWote o
XPNotng va pmopsl va xelpiletal kot va moapakoAouBel to Oeppootdtn. Apxikd, Ba
napouclactel N epapuoyn kabwg eniong Kot Ta PACIKA TNG XOPAKTNPLOTIKA. TN CUVEXELQ,
Ba mapouclactel 0 TPOMOG He Tov omolo o xpnotng Ba elodysl ta Sedopéva yla TO
eBSopadlaio mpoypaupa Bepuokpaciwy Tou emBUpEl Kol TéAog Ba mapoucLacToUV Ta
OTATLOTIKA ypadrpata mou pnopet va mapakoAouBel o xprotng.

4.1. lapovoiacn E@appoyrg

Onwg €xeL avadepOet otn napdypado 5.4.9, n ebapuoyn €xel avamtuxbel e TETolo TPOMO
WOTE va €lvol QVTOTOKPLoLUN KoL vo UIOPEL va xpnotporoleital and oAwv Twv 8wV
0080vec. MNa auto to Adyo, n edpappoyr Ba mapouctactel 1600 og Kavovikr 086vn 600 Kal o
0086vn kntou TnAedpwvou.

Mo tnv mpocBacn otnv edappoyr, TAnktpoloyoUue tn SievBuvon http://thermostat-
pi.ddns.net onwg €xeL avadepbel otn mapaypado 3.4.10. Itn ouvéxela, epdaviletal n
apxLKn oeAida omou elval anapaitntn n eloaywyn username Kal password yLa va UmopEoet
o0 xpnotng va AdPet mpooPacn otnv edappoyr). Me autd 1o tPoémo, diachaAiletal n
aodaleia xelplopol ¢ edbappoync. To username kat password mou divel mpooPfacn otnv

edappoyn eival project kat 1111 avtiotolya.

=0

Ewkova 4.1 - Apxikn ogAida tpooBacng otnv epappoyr amno UoAoyLoth
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|I[l\\\‘l

wunnn iR E

Ewkova 4.2 - Apxikn oeAida mpooBacng otnv edpappoyr amno Kwnto thAédwvo

Y€ TIEPUTTWOELG OMOU 0 cuVSUACUOG Sev elval cwoTog 1 MOU KAMoLo amo ta SUo otolxeia
napaAlnetal, epdavidovral avaioyo pnvopoto opaApaToc.

Login

| |Username

Username Required

Password

Password Required

Ewkova 4.3 - Mrjvupa palpatog Kotd tnv elcodo otnv edappoyn

21N ouvexela, adou emiPePalwbdel n eicodog Tou xpnotn, epdaviletal N Kuplwg oeAida tng
edappoyng omou o xprotng pmnopet va dtapdoetl dtadopeg mAnpodopieg. OL mAnpodopieg
mou epdavidovral, onmwg daivetal Kat otnv £wkova 4.4, eivol nuepounvia KoL wpo,
mAnpodoplec yla TG KOLPLKEC CUVONKEG TOU EMIKPATOUV TNV OCUYKEKPLUEVN NUEPQ OTNV
OUYKEKPLUEVN Tteploxn Kot ol TPoPAEPeLC yia Ty e€wTeplkr) Beppokpaoia T emopeveg 24
wpeg oe popdn ypadAUATOC KaL YL TG ETMOUEVES 5 NUEPEC.
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Smart Thermostat  Main Page  Schedule Statistics -

Wednesday, 15 Jun 2016
12:32:27

¥ Inside Temperature: 27.5°C

- Outside Temperature: 28.3°C

Ewkova 4.4 - Kuplwg oeliba otnv edappoyn amnd umoloyLoth

Smart Thermostat

Main Page
Schedule

Statistics -~
Wednesday, 15 Jun 2016
12:18:54 J

§  Inside Temperature: 27.4°C.

‘@ Outside Temperature: 28.

Description: cle
Humidity: '
Wind:

Sunrise:
Sunsef

Ewkova 4.5 - Kuplwg oeliba otnv edappoyn anod kivnto thAédwvo (H Sefld ewkova,
epdaviletal oTn CUVEXELD TNG OPLOTEPNG ELKOVAG)
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4.2. Xeipiouog lMpoypappatog Osppokpaciag

Jtnv kaptéAha “Schedule” sudaviletal €éva pevol OMOU O XPrOTNG UIMOPEL va ELCAYEL OF

mola dlaotnpata emtBupel KAMOLO CUYKEKPLUEVN Bepuokpacia. ITO CUYKEKPLUEVO UEVOU,

UTIAPXOUV KaPTEAAEC yla KABe nuépa tng €BSopadag Kol mMATOVTOG MAVW OtV KapTEAAQ-

nuépa mou emBupel o xprotng, eudaviletal £€vag mivakag. YTOV CUYKEKPLUEVO TivaKa,

gudavilovral pe avfouoa oslpd OAa ta Stactipato pe TNV embuuntr Beppokpacia mou

UTIAPXOUV QITOBNKEUPEVA YLla TNV CUYKEKPLUEVN NUEPQ. ZE TEPLMTWON TIOU &gV UTIAPXEL

Kapia eyypadn yla TNV CUYKEKPLUEVN NUEPQ, epdavileTal To pvupa “No Schedule”.

Smart Thermostat

Main Page

I-

Schedule

Statistics -

Wednesday

Friday Saturday

Sunday

Tuesday Schedule

From

To

Temperature

00:00:00

07.00:00

19

07:00:00

12:00:00

21

15:00:00

18:00:00

20

19:00:00

23.00.00

20

Data:

Insert time in format: hh:mm:ss
From:
To:

Temperature(15-30 Celsius)]

Insert | | Delete

Elkova 4.6 - ZeAida TpoypAUUATOC TNV EPapUOYT) ATO UTTOAOYLOTH

Smart Thermostat

Main Page
Tuesday Schedule
SChEd Ule From To Temperature
Statistics -~ 00:00:00 07:00:00 19
07:00:00 12:00:00 21
T - Wedneaday Thursdey | Fidé SR 15:00:00 18:00:00 20
19:00:00 23:00:00 20
Tuesday Schedule
From To Temperature Data:
00:00:00 07:00:00 19 Insert time in format: hh:mm:ss
From: | v
07:00:00 12:00:00 21 To: .
Temperature(15-30 Celsius):
15:00:00 18:00:00 20
19:0000 | 23:00:00 20 [ Insert || Delete

Ewkova 4.7 - YeAida mpoypAaUpaToc otnv edapuoyr amno Kwntod tnAédwvo (H de€La ewkova,

gudaviletal otn cUVEXELA TNG OPLOTEPNC ELKOVAC)
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Y& mepintwon mou emBUUEL 0 XPHOTNG Vo ELOAYEL pLa VEa gyypadh oto mpoypappa, 6o
TIPETIEL VO CUUTIANPWOEL TA ATIOLTOUEVA OTOLXELOL OTO XWPO KATW ATt TOV TVOKO KOl UETA
va emAé€el insert. To véo Sldotnua mou Ba elodysl o xprnotng, Ba mpemel va eival
SladopeTikd anod ta AdN umapyxovta, SnAadn va NV UTAPXEL ETULKAAUYN. Z€ TEPIMTWON

TIOU UTTAPXEL eTikAALYN, epdaviletal pnvupo opaipoatog “Overlap in the time interval” kot
0 XpPNotng MpEMeL va avacslodyel ta dedopéva. Av Sev UTIAPXEL KATola ETIKAAUYN KoL Ta

Sedopéva 60800V owota, TOTE N eyypad ELOAYETOL KAVOVIKA OTOV TIVaKA TIPOYPAUUATOG.

Eniong, Sivetal oto xpriotn n Suvatotnta va dtaypadet kamola eyypodn. MNa tn dtadikacio
™c Staypadng, o XpHOTNG TPEMEL VO CUUMANPWOEL OTO XWPO KATW OO TOV TvaKo T
otolxela ¢ eyypadng mou emBupel va Staypael, akplpwg onwe daivovtal otov mivaka
KOl OTN CUVEXEL va eTUAEEEL delete. Ze mepimtwon Mou elodyel OAa Ta oTolxela ocwotd, Ba
avavewBel o mivakag mpoypappatog kot 8ev Ba gudaviletal TAEOV N CUYKEKPLUEVN
gyypadn. AvtiBeta, og MepIMTWON TOU TA OTOLXELA TTou Ba elodyel Sev elval akpLBwg OMwg
eudavifovral otov nivaka, dev Ba oAokAnpwBel n Stadikaoia kat armAd Ba Eavadoptwbel o
UTIap)oV Ttivakag xwplc kapio aAhayn.

4.3. lapakoAovONo1 TTATIOTIKWVY

EmAéyovtag amo To Kuplwg Pevou tnv KaptéAAa “Statistics”, epdaviletal £va umopevou,
omou avdaloya pe tnv erhoyn “Day” 1 “Week”, sudavitetal dladopetikd ypadbnua pe
otatlotikd. Emléyovtag to “Day”, eudaviletar éva ypadnua mou amelkovilel tnv
Beppokpaocia Tou dwuatiou, TNV e€wteplkn Bepuokpacia kot TNV emBuUpnT Bepuokpacia
yla Tig teAeutaieg 24 wpeg. H emBupntr Beppokpacia eival ouoLAOTIKA TO TPOYPAO TIOU
eudaviletal otnv kaptéAAa “Schedule”, evw yla ta Staotrpota mou dev elxe cupmAnpwOet
KATIOLOL CUYKEKPLUEVN eMLBUUNTH Bepuokpaocia, epdaviletal oav npokaboplopévn (default)
gmBbuuntn Beppokpacia ot 10°C. Ad TOo OUYKEKPLUEVO ypddnua, o XpRotng umopsl va
emPePfalwoel Tnv opbn Asttoupyla Tou BepUOPETPOU KOL VO KAVEL OUYKPLOELG ylol va
CUUTIEPAVEL AV XPELATETOL VO KAVEL KATIOLEG OAAAYEC OTO BSopadLaio TpoypappaL.

Smart Thermostat Main Page Schedule Statistics -

Temperature — Last 24 hours

Wednesday, Jun 15, 01:24:00
@ Living Room Temperature: 25_8

—— ———

15
] [mm——— |

14:00 16:00 18:00 20:00 22:00 15. jun 02:00 04:00 06:00 08:00 10:00 12:00

-#- Living Room Temperature 4 Schedule -% Outside Temperature

Elkova 4.8 - YeAida oTaTLOTIKWY NUEPAC OTNV EPaPEOYN] ATO UTTOAOYLOTN

Ye meplmtwon mou emiheyel to “Week”, gudaviletol £va ypddnua mou amelkovilel tn
Beppokpaocia Swuatiou kal tnv e§wteplkn Beppokpacia OMwE Kataypdadnkov Tnv teheutaia
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pila eBdopdada. KOO TOU CUYKEKPLUEVOU YpadiUOTOC Elval N mapathnpnon Tng enidpacng
™G e€WTEPLKNAC BEPLLOKPACLOG OTNV ECWTEPLKN.

Main Page
Schedule
Statistics -

Temperature - Li

Temperature - Last

Ewkova 4.9 - ZeAiba otatiotikwy efSopadag otnv epappoyn amno Kwntod tnAédwvo otav to
tAédwvo elvat og kKABeTn B£on (Mavw elkdva) kal otav eival og oplovtia BEon (Katw
£1kdva) yLa va uTtapxeL HeyoAUTEPN avaAucon oto ypadnuo
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KE®AAAIO 5. IIEIPAMATA
OEPMOXTATON XE MONTEAA

JTo ouyKekpluévo kedpdhalo, Ba TapouclaoToUv Ta amoteAéopata Oesppootatwv o€

Bepuika LoodUvapa PovtéAa KTipiwv. Ta povtéAda mou Ba avarmtuxBouv eival Ta 4 povtéAa
TIOU TtapoucLAcTNKaV otnv Tapdypado 2.7, yla va emleyel To o akpLBEC Kal TO TLO
KOVTLVO OTNV MPAYHOTIKOTNTA. ApXLKA Ba xpnotpornolnBel to mo amAd HOVTEAO Kal Ot
ouvéxela Ba xpnotpomololvTal 6Ao Kal 1o MoAUTIAOKa HovTéAa. Emiong yla kaBe povtélo
Ba mpooopolwveTal N cupnepldopd TNG XPong evog amhou Beppootatn on-off kaBwg Kot
€VOG Beppootdtn mou KAvel xprion gAeyktn pid. 2to téAog Ba yivel n teAky oclyKpLon OAwv
TWV HoVTEAWV Kal Ba eTiAeyel To Lo KatdAAnAo.

5.1. llapadoyxeg

l'a TL CUYKEKPLUEVEG LETPAOELG, yLa arthomoinon, BewpnBnke OTL N efwtepikr Beppokpaaoia
elval ouvexwe otaBepn katl ton pe 0°C kal otL n aktwoPolia and tov AALo lval lon pe 0 kot
apa @, = 0. Axkdua, Bewpnbnke OtL n Beppokpacia mou emMBUUOUPE va TIETUXOULUE
(setpoint) elvat {on pe 20°C kat OtL To clotnua OEpuavong xpnollomolel Loy lon pe
5kWatt. Eniong, n apxtkn Beppokpacia tou dwpatiov (time=0) téBnke lon pe 15°C Kat ot
vYpadLKEG Ttapaotaoel Oa napatnpnBel n cuumnepldopd TNEG LETA TO MEPAC CUYKEKPLUEVOU
Xpovou. TENog, ota HovTEAQ Xpnotpomolnenkav ol TIHéEG Tou apbpou ldentifying suitable
models for the heat dynamics of buildings [2B] otov mivaka 5.3, mapaypadog 5.3.2, kat
TapoucLAlovTal KoL To KATwW, otV €lkova 5.1,

Name Ti TiTh TiTeTh TiTeThTs TiTeThTsWithAe
C; 2.07 1.36 1.07 0.143 0.0928

c, - - 2.92 3.24 3.32

Ch - 0.309 0.00139 0.321 0.889

Cs - - - 0.619 0.0549

R, 529 531 - - -

R, - - 0.863 0.909 0.897

Rea - - 4.54 4.47 4.38

Ry - 0.639 93.4 0.383 0.146

R - - - 0.115 1.89

Ay 7.89  6.22 5.64 6.03 5.7

A, - - - - 3.87

T 109 0.16 0.129 0.0102 0.0102

To - 8.9 0.668 0.105 0.105

Ty - - 18.4 0.786 0.788

T4 - - - 19.6 19.3

Table 5.3: The estimated parameters. The heat capacities, C, are in

kWh/°C]. The thermal resistances, R, are in [°C/kW]. The areas, A,
are in [m?]. The time constants, 7., are in hours. Note that the physical

interpretation most of the parameters is different for each model.

Ewkova 5.1 - YtaBepég povTEAOU OTTLTLOU
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5.2. Ogppuk6 Movtédo Ti

ON-OFF (Ti model)

25 . . . .
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w 15 i
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@ 5 ]
0 .
_5 L L L L L L L L
0 2 4 6 8 10 12 14 16 18
Time(h)
— Inside Temperature —— Outside Temperature
— Error Power
—— AirConditioner

>5 . . PII:IJ (Ti modlel) . .

20 R
w 15 ]
=3
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@
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@
5 10 }
o
@
o
E
&5 g
o] ]
75 Il Il Il Il Il Il
0 2 4 6 8 10 12 14
Time(h)
— Inside Temperature —— Error
—— AirConditioner Power

—— Outside Temperature

Noapaotacn 5.1 - Movtélo Ti (mavw)AnASg Bepuootdtng (katw)Me xprion PID gheyktn

MapatnpoUpe OTL Kal otoug dVo Bepuootateg, n Bepuokpacio Swuatiov aveBokatepaivet
oneuBelog HETA TO AVOLYOKAEIGLUO TOU cuothpatog Bépuavong, KATL To onoio gv cuvadel
UE TNV TPAYHUATLKOTNTA. TN EPLIMTWON IOV XpnoLuonoleital o pid eAeyktng, n Bepuokpaocia
otaBepormoleital kKaAltepa otnv embupntr Oepuokpacia agdol mAfov Sev UTIAPXEL N
votépnon tou amAol Beppootdatn. QoTO00, TO HOVTEAD MAPOUGCLATEL ATEAELEG.
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5.3. Ogppuko Movtédo TiTh

ON-OFF (TiTh model)
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Napaotacn 5.2 - MovtéAo TiTh (mavw)AnAdg Beppootatng (katw)Me xprion PID eAeyktn

Mapatnpoupe OtTL To cuotnuo Bépuavong mou €xel mpooteBel oto HovTéNO, Ttapouatalel
vPnAotepn Beppokpacia and 20°C to Omolo eival avapevopsvo. Me autd To TpOMo, N
Oeppokpacia Tou ocuothiuatog Oépupavong emnpedlel ™ BOepuokpaocia Swpatiou pe
oanotéAeopa to SWUATLO Vo {ecTaiveTaL TILO YPHYOPO. OE OXECN HE TO TIPONYOUHEVO LOVTENO
Kal N cupneplpopd mou mapouctdlel va gival mo opaAr. Emiong, mapatnpoUpe Kol TaAL
KaAUTtepn otabepomnoinon tng Beppokpoacia Adyw tou pid eAeyktn.
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5.4. Oeppuko Movtédo TiTeTh

ON-OFF (TiTeTh model)
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Napaotacn 5.3 - MovtéAo TiTeTh (mavw)AmAdg Beppootatng (katw)Me xprion PID eAeyktn

MapatnpoUpue OTL 0 Tieplyupog Tou €xel mpooteBel oto poviélo, fonBdeL otn TLo ypryopn
avénon tng Oepupokpacioc Swpatiou. Me auTtO TO TPOMO, TeTuXaivete KaAltepn
otaBepormnoinon g eowTePIKAG Bepokpaciog Kot yivetal emiong mo opalr os oxéon HE To
T(PONYOUUEVO HOVTEAO. AKOMQ, TOPOTNPOUME Kol TAAL KaAUtepn otabepomoinon Tng

Beppokpaocia Aoyw tou pid eAeykTn.
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5.5. Ogppuko Movtédo TiTeThTs

o5 ON-OFF (TiTeThTs model)
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Noapaotacn 5.4 - Movtélo TiTeThTs (mavw)AnAdg Beppootatng (katw)Me xprion PID
eheyktn

MapatnpoUue OTL N ECWTEPLKN Beppokpacia MapousLAleL TNV TLO OpaAn cupmepldpopd os
oxéon HUe OAa TA TPONYOUHEVO HOVTEAQ. AKOUO, TAPATNPEOUME Kol TAAL KOAUTEPN
otaBepomnoinon tng Bepuokpoacia Adyw tou pid eAeykTn.
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5.6. LUUTEPAC AT

JuykplvovTag Ta o AVW HOVTEAQ, TIAPATNPOUE Ao TN Hopdr] TWV MAPACTACEWVY, OTL TO
TIANCLECTEPO OTNV MPAYLATLKOTNTA Elval To TeAeuTaio, SnAadn to povtélo TiTeThTs. Akoua,
OMWC $AVNKE OTLG TIPONYOUUEVEG YpadLkeG uTtohoynlotav to opaAua, SnAadn n anokAion
TNC MPAYHATIKAG amd tnv embupntr Bepuokpacia, yla KABe Xpovikr oTlyun. 2tov mivaka 1
mapouolalovtal ta PEYLOTO Kol gAdylota odpalpata yla tov KOs Beppootdtn WoTe va
UmopoUV val cUYKPLBoUV e eplocdTepn akpiBeLa.

on-off with pid
Ti (-1.05,1.1) (-0.1, 0.15)
TiTh (-1.05, 1.3) (-0.1,0.3)
TiTeTh (-1.05, 1.15) (-0.1,0.5)
TiTeThTs (-1.05, 1.15) (-0.05, 0.3)

Nivakag 1 — paApata Bepuootatwyv

Amo tov mivaka 1, cupnepaivoupe OtL To Hovtélo TiTeThTs mpoodEpel OAU pLKPO €UPOG
odaAudTwY. TO OUYKEKPLUMEVO HOVTEAO €lval To TLo TtepimAoko adol XpnaotpomnololvTatl
Sladopec Bepuokpacieg (LeTaPANTEG KATAOCTAONG OTO HOVTEAD) yLOL TOV UTIOAOYLOUO TNG
£0WTEPLKAG BepUoKPACLOC KOL Yla OUTO TO AOYO UTNOPoUUE va AdBoupe KaAUTEPA Kol TILO
oKpLPN amoteAéopato. TO CUYKEKPLUEVO ATIOTEAECUA HATOV avVAUEVOUEVO, adol n xpnon
TIEPLOCOTEPWY UETAPANTWY KATAOTAONG OE KATOLO HOVTEAO WUTOPEL VO TIPOCOHOLWOEL
KAAUTEPA TO KTipLo. EMioNG, 0TO OUYKEKPLUEVO HOVTEAO XPNOLUOTIOLOUVTOL OL TIEPLOCOTEPEG
OepULKEC AVTLOTAOELS yla va Teplypalouv TIC amwAsleg Beppdtntag Kobwe Kal ot
TEPLOOOTEPOL BepLKol TIUKVWTEG Yl va Tteplypaouv KoAUTEpPO TN BEPULKN XWPNTLKOTNTA
TwV SladOpwV OVTLKELUEVWY OTO KTipLo.

‘0c0 adopd Tov TUNo Tou Beppootatn, paivetal kabBapd TG0 Ao tov nivaka 1 600 Kat ano
TIC YPADLKEG TAPACTACELG OTL N Xprjon pid, mpoodEpel KAAUTEPA ATIOTEAECHATA OE OXECN ME
£€va amn\o on-off Beppootatn. Ta anoteAéopata mou AauBAavoue e T Xprion tou pid sival
oAU Tilo opodomolnpéva adol dev umdpxeL uotépnon oto Beppootatn, Kabwg emiong
napatnpeltal OtL Kal N eowteplky Beppokpaocia ¢ptavel otnv enmtbuuntr Bepuokpacio ot
Alyotepo Xpovo. H cuykekplpévn cupmeplpopd NTav avapevopevn cupdwva pe th Bewplia
gAéyxou kal tn Bewpla tou eleyktr pid mou avaAlBnkav otg mapaypddoug 2.4. kot 2.5.
avtiotolya.
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KEDAAAIO 6. EEYIINOX
OEPMOXTATHX

JTO OUYKEKPLUEVO KedAAaLo, Ba mapouaolaotel n dladopd avapeoa os €va amAo Kal Evol
£€umvo Beppootatn os mpayuaTtikd Sedopéva. ApXLIka, Ba MoPoUCLAOTOUV TA ATOTEAECUOTOL

am\wv Beppooctatwy (téco ylwa amAo on-off 6co kot pe xprion pid) oe Sedopéva piag
eféopadag kat Ba emefnynBel n avaykn yla Kataokeur €Eumvwv Beppootatwy. Itn
ouvéyela, Ba emefnynBel o aAdyoplBuog mou avamtuxBbnke yla tov €Eumvo BOeppootdtn
kaBw¢ emniong Ba 60000V Ta AMOTEAEOUATO TIOU TPOKUTITOUV UE £daployn Tou £EuTvou
aAyopiBuou otoug amloug Beppootdteg yla pia mepiodo tplwv efSopddwv. TéAog, Ba
oxoAlootouv ot dladopég avapeoa otoug dU0 eldwv BeppooTatwy Onwe nposkuav amnd
TLG T(POCOOLWOELG.

OAa ta Oebopéva yla tnv e€wteplky Beppokpacio mapbnkav amd otoplkd apxela
LETPNOEWV TOU Xelpwva atnv ABrva evw n LoxU¢ Tng B€puavong tébnke ota 7kWatt. Akopa,
yla Ttoug Oeppootdrtec xpnoiporouOnke to povtédo TiTeThTs yua toug Adyoug Tou
enefnyndnkav oto kepaAato 5.

6.1. llapovciaon amAov Oepuostatn

‘Evag amAog Beppootdtng €xeL oav otoxo Tn otabepomoinon tng Beppokpaciag otnv
grmBupnTn T, avaloya pE To MPOypaUpa XPAoT. Mo va OAOKANPWOEL TNV CUYKEKPLUEVN
Aettoupyia, o Beppootdtng anAd Stapdalel cuvexwc To XPOVo Kal BAETEL av UTTAPYXEL KATIOL
gmBbuuntr Beppokpacio yLo TNV CUYKEKPLUEVN XPOVIKH oTlyun. Otav avtiAndBel otL tn
OUYKEKPLUEVN XPOVLKN OTLYL UTIAPXEL TIPOYPAUA, Sivel onua yla va Eekvnoel n B€puavaon
Tou Swpatiou Kal Tote dppovtilel va tn Slatnpel oTn CUYKEKPLUEVN TLUN. Onwg ¢pavnke oto
kebahalto 5, évag Bepupootdatng on-off otabepomotel tnv emBupnty TWWA He odAApQ
nepimou +1 evw pe ™ Xpnon pid to amotédeopa eival oxedov cuvexwg otabepd otnv
gmBbuunt TR Kabwg to odpaApa eival oxedov apeAntéo. Mo KAtw mapouctalovral Ta
Staypappata porng Se5opuEvwy o XpnoLponolndnkav yio toug SUo BepUOCTATEG.
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ApxLkomotr ol MetafAntwy

&
<

A

AwdBaocpua Mpoypappatog Xpnotn w

l

YTApXEL TPOY PO
(w>10;)

H Bepuokpaocia eivatl

HLKPOTEPN TOU W; ]
oxL

A 4 A 4

Avolypa Ogpuavong KAelolpo Oéppavaong

A 4

Edappoyn yla 10 AemTd Kal UTTOAOYLOUOG TWV
VEWV TLHWV TWV PETABANTWV

Awdypoppa 6.1 - Aldypappa pong dedopévwy yla anid
Bepuootatn on-off
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ApxLkomotr ol MetafAntwy

<&
-

A

AwdBaocpa Mpoypappatog Xpnotn w

l

YTApXEL TPOY PO
(w>10;)

A 4 A 4

YToAoyLoUOG €€060U EAEYKTH Y ‘E€odoc¢ eheykTn apéowgy =0

\ 4 \ 4

YIOAOYLOHOG XPOVOU YL AVOLYHOL Kall OpiZovtat xpdvol yia dvouypa kat KAeiotpo

kAgiowpo Bepuavong (time_ON kau Bépuavong time_ON = 0 kal time_OFF = 10

time_OFF) pe ehdayLotoug xpovoug time_ON
=4 kawtime_OFF =2

A 4

Avolypa B€ppvavong yia time_ON Aemtd kot
kAelowpo Béppavong yia time_OFF Aemtta. Emiong
YLVETOL O UTTOAOYLOUOG TWV VEWV TLUWYV TWV
uetaBAnTwv

Awdypoppa 6.2 - Alaypappa pong dedopévwy yia anid
Bepuootdtn pe pid eAeykTn
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Me Bdon ta Sltaypdppata pong OeSOoUEVWV €KTEAOUME TNV Tipocopoiwon twv dUo
BepuooTatwy o MpayUaTIKA SeSopéva yla KATIOLO PLKPO XPOVIKO Staotnua (24 wpeg) wote
va purmopol e va emiBeBatlwooupe tnv 0pdn Asttoupyia Twv Beppootatwy.

ON-OFF

25 T T T T T T T T
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23:00:00 02:00:00 05:00:00 08:00:00 11:00:00 14:00:00 17:00:00 20:00:00
— Inside Temperature — Error

Heaters Temperature

— Qutside Temperature — Power of Heaters —— Envelop Temperature

— Programme

Napaotacn 6.1 - Osppootdtng on-off yia to mpdypappa and Tpitn and 20:00:00 swg
Tetdptn 20:00:00
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temperature(oC)
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-5 L L L L L L L Il
23:00:00 02:00:00 05:00:00 08:00:00 11:00:00 14:00:00 17:00:00 20:00:00
— Inside Temperature — Error Heaters Temperature
— Outside Temperature — Power of Heaters —— Envelop Temperature
— Programme

Noapaotacn 6.2 - Osppootdtng e pid yla To mpoypappo and Tpitn and 20:00:00 swg
Tetdptn 20:00:00
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20

151/

Temperature(oC)

V Wy T W
Mon Tuesday Wednesday Thursday Friday Saturday Sunday
,5 L L 1 L L 1 1 L
0 20 40 60 80 100 120 140 160
time(h)
— Inside Temperature — Programme —— Power of Heaters
—— Outside Temperature — Error —— Envelop Temperature

MapatnpoUpe yla TOo Bepuootdatn on-off OTL Kupaivovtol oL TIHEC TNG E0WTEPLKAG
Bepuokpaciag yUpw ammod tnv embupnti TLUR He amokAlon +1 mou eival to odpaipa, Onwg
Kal avauévape. Emiong, yla to Beppootatn pe pid mapatnpolpe otL n Bepuokpacia sival
oxebov otabepomolnuévn otnv embupntr. Akopa, Gaivetol ota AMOTEAECUATA O XPOVOS
TIOU amalTeital Wote va PTtaoel n Beppokpacia tou Swpatiov otnv embuunt. H B€ppavon
yla tnv mepinmtwon tou Beppoaotdtn on-off kaBuotepel 10 Aemtd va Asttoupyr ot agdou Tote
avtiAapPBavetal o BeppooTATNG OTL UTAPXEL TPOYPAUUO O A£ltoupyia evw yla Tnv
Tepimtwon tou Bepuootatn pe pid, mapatnpeital 6t n B€ppavon ekva va SOUAEVEL LOALC
€eKLVA VOl UTTAPYEL TO TTPOYPAUUAL.

Adou emiBeBalwbnke Aoutov n opOn Asttoupyila Twv BepUOCTATWY, TIPOCOUOLWVEVTAL TILO
KATw n Aettoupyia tou KABe BepUoOOTATN OTO TPOYPAUUO TIOU eival yla pia eBdopada.
OuoLaoTIKA, Ta CUYKeKPLEVO anoTteAéopata Ba elval ta dla yia kdbe efdoupada agpol ot
Beppootateg apxilouv Tn Asttoupyia Toug mepimou TNV 6La wpa Tou EEKLVAEL TO SlAoTna
oTo Tpoypappa. OL poveg dladopég avapeoa os SladopeTikéG efSouades mou pmopel va
napatnpnBolv elval o xpovog mou xpelaletal yia vo TETUXEL 0 BepUooTATnG TNV eMBUUNTA
Bepuokpacia adol n OCUYKEKPLUEVN Asltoupyla €EopTATOL QTO TNV TLUN TOU €XEL N
efwteplkr Beppokpacia kabe dopa.

ON-OFF thermostat 1 week

AN
AVAVAV w w !\

A
Zﬂ@ A\fhvhv T AVA\]AA Jq

~
/

‘\.1

J
4

#\Ah W
V]

=

/

VM&VV

Noapaotacn 6.3 - Osppootdtng on-off yla to mpdypappa pag eBdopadag
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Temperature(aC)

Mon

10

ON-OFF thermostat pid 1 week

AN NN NN

|
|

| \ |

I

A Y

day Tuesday Wednesday Thursday Friday Saturday Sunday
0 20 40 60 80 100 120 140 160
time(h)
— Inside Temperature — Programme — Power of Heaters
— Outside Temperature — Error — Envelop Temperature

Napaotacn 6.4 - OspUooTATNG Ue pid yla To Mpoypappa pLag eBdopadag

ATIO TA OTOTEAECHOTO TWV CUYKEKPLUEVWY TIPOCOUOLWOEWY UMOPOUUE va KaToAdBou e
gUKoAa OTL amaltteital afldAoyog Xpovog yla va TIETUXOUV oL BepUOOTATEG TNV emBuPNTA
Beppokpaocia. EMiONG, O OUYKEKPLUEVOG XPOVOG O TEPUTTWOEL TIOU N €EWTEPLKN
Beppokpaocia elval oAU xapnAn, Ba avfavetal akopn MepLocOTEPO. MNa va HeLWBEeL auToc o
XPOVOG Kol va Ttetuyaivetal akplBwe n embuuntr Beppokpacia TNV aKpLBWE CUYKEKPLUEVN
OTLYUr] TOU avadEpeTal OTO TPOYPAUUA, ommalteltal va yivel xpnon evog £€umvou
Beppootatn. O okomog tou £Eumvou Bepuootdtn elval va umoAoyilel kaBe dopd TOcOG
XPOVOG XPELAOTNKE yla va GTACEL otn emBuunT T n Beppokpacio Kot va Eekvd tnv
Aettoupyla Tng B€ppavong Tooo XPOVO TILO TIPLV.

6.2. Avantuén £éEvmtvov adyopiOuov

Y1Ox0¢ Tou €€umvou aAyopiBuou eival va fekwvdel tn Asttoupyla T B€puavong KAMoLo
XPOVO TIPLV Ao TNV OpXf TOU TPoypAappaTtoc. Mo va propel va e€aodaliotel pla tétola
Aettoupyia, Ba pémel va umapxel pia Soun omou Ba amobnkelovtal KATOLEG TLLEG KAELOLA,
he tn Bonbela twv omoiwv o £€umvog aAyoplBuog Ba umtoloyilel mote aKPLPWE MPEMEL va
ovolyeL tn Oéppavon. H Soun mou emihéynke eival mivakag Kat £xeL Tn popdn mou daivetot
otnv £lkéva 6.1.
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| 00:00:00 12:00:00 21:00:00 0
0 0 0 0
0 0 0 0
00:00:00 07:00:00 15:00:00 19:00:00
A
Aguté .
EUTERA 1oien obéAua

Ewkova 6.1 - Aopn TIHWV

H ouykekpLpévn doun €xel oUVOALKA 21 ypaUUEG, 3 YPOUUEG Yla KABE pépa. 2TV 1n YPOUN
™G KABe nuépa epdavilovtal oL WPEG OTOU EEKLVA TO KAOE TPOYPAA VLA T CUYKEKPLUEVN
NUEPA. ITNV AUECWC ETOUEVN VPO EUdavIleTal n TLUN o€ AENTA TOU AE€L TTOCO TILO TIPLV
TPETEL va EEKLVNOEL TN AslToupyia TnG Béppavonc. Av, yla mapadelypa, Untdpyet n twun 70
KATw amd TV wpa mpoypappatog 12:00:00, téte umovoeital Ot n BEpuavon MPEMEL va
gekwvnoel n wpa 10:50:00. Qoto600, 0 AAYOPLOUOG £XEL PTLOXTEL LE TETOLO TPOTO WOTE OTAV
UTTAPXOUV TLUEG LEYOAUTEPEC TWV 2 WPWV va apelolvTal Kal N B€puavon va Eekva 2 WPEG
TMO TPV, ylo VO HUNV ONATOAATAL EVEPYELX. TNV TPLTN YpPAUUR TNG KABe nuépag
eudavilovral TipHEG opalpdtwy. Av, dnAadn, n Bépupavon Eekvrnosl e BAaon T TN TS 2N
YPOUUNAG KAl TETUXEL TLO ypryopa 1 To apyd tnv embupunth Bepuokpacia Ba mpooBEtel
KAmolo oddApa apvntikd f Betikd avrtiotowa. TEtola OPAAMATO TPOKUTTOUV OTAV N
efwtepikn Beppokpaocia petaBAaAetol o oxéon He TNV mponyoupevn ¢dopd, SnAadrn oe
ox€on He tnv mponyoLpevn epdopdda tnyv iSla wpa.

‘Ocov adopd tov aplBuod twv otnAwv TNG Soung, e€apTaTATAL AMo TO MPOYPAUUA XPrOoTh,
adol n nuéEpa He Ta Mo TMOAAA Siaothipata kabopilel to moosg Ba eival ol otiAeg. OL
NUEPEG TIOU €XOUV AlyOTEpO SLACTAHATA, TAPAYEUIlOUV TIG KEVEC BECELC TTIOU €XOUV LE
UNdevika onwe ¢aivetal kAL otnv ewkova 6.1. yla tn Asutépa. AkOpa, Bewpnbnke OTL TO
TPOYPAUUa Xpriotn 8ev elval Kat'avaykn otabepd kol OTL pmopel ava mdoa otypn o
XPNOTNC va TO PETABAAAEL KAl YLO. QUTO, N OCUYKEKPLUEVN Soun elval avtamokpiolun Kat
HeTaBAAeTAL avAAOYQ LE TIG EVEPYELEG TOU XpNoTn. TeAlka, n Soun Aappavel popodn mivaka
pe 21 ypaUUEG KAl LETABANTO aplBUd oTtnAwv.

Ot petaBoAEg otn Sopn yivovtal os técoepa otadla:

e YNV apxn KAaBe nuépag eAéyxetal ov ol SLACTACELG TOU TVOKA KoL OL TLUEG TIOU
€eklvd TO TpOypappa ylo KaBe nuépa, TAlplAlouv HE QUTEG TIOU NTAV TNV
nponyouuevn nuépa. OuoLaOTIKA, KABOe pépa avavewvel tn Soun He OAeC TLG
oAAQYEC TTIOU UTTOPEL VA €KAVE O XPROTNG TO TPOYPAUU, AVEEAPTNTA O TOLA HéEPa
TIC €Kave. AlGdoTnUa TPOYPAUUATOC TO omoio mpwtn ¢opd elodystal otn Soun,
AapBavel oto avtiotoxa media OTIC €MOUEVEG 2 YPAUUEG TIC THEC O yua
opxLkomoinan.

e Otav n Béppavon Aettoupyel emeldn umapyel mpdypappa (Kot oxL mo vwpic Adyw
™¢ mpoPAsdng) Eekva évag LETPNTAC XPOVOU TIOU UTIOAOYITEL TTOCOG XPOVOC MEPACE
omd TN OoTyun Tou &ekivnoe n Bépuavon PEXPL TN OTWYUN TIOU N E0WTEPLKA
Bepuokpaocia éptace tnv emBupnth. 18avikd, auti n T Ba énpemne va eivol 0
adol otav Eekwva to mpoypappa BENoupe va £xoupe tnv embuuntrh Bepuokpaoia,
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Kall £T0L AUTOG 0 XPOVOC TIOU UTtoAoyiotnke Bewpeital OtL eival oto apaipa. Apa os
QUTO TO BAMA, N VEA TLUA TNG YPOUUAG 2 YIVETOL loNn LE aUTH TIOU €ixe mpLv podl pe
TO 0pAAUQ TIOU ELXE TIPLV KAl TO VEO 0dAAUA YivVETAL (00 LE TO XPOVO TIOU UETPRONKE.
Av yLa TtopadeLya 0 Xpovog mou LeTpriOnke eivat 10 Aemtd kat adopd to dtdotnua
TIPOYPAUUATOC TTOU &gKLVA N wpa 12:00:00 tn Asutépa, n dour) aAAAleL YUe TOV TPOTIO

mou ¢paivetal otnv €lKoOva 6.2.

00:00:00 12:00:00 21:00:00 0
50 40 20 0
-20 20 10 0
00:00:00 12:00:00 21:00:00 0
50 60 20
-20 10 10 0

Ewkova 6.2 - AA\ayr Aopnc. MNavw to mplv Kot KATW TO PETA

Mpw Eekwvnoel va Asttoupyel n Béppavon Adyw tng mpoPAedng (SnAadn mpiv
Aettoupynoel AOyw TMPOYPAUMATOC) MPooTiBevtal ol dU0 TIUEG TOU adopouv TO
SlLaotnua yLa va ivat €ToLpn n GUVOALKNA TLU Tou Xpovou Kal to odpalpa Tibetal oo
pe undév. MaAL av avagpepBoUpe oTo MapAdeLlya OTOU TO SLACTN O TTPOYPAULATOG
€ekva n wpa 12:00:00 tn Asutépa, n Sopn aAAALEL e TOV TPOTO MoV daiveTal oTnV

£KOva 6.3.
00:00:00 12:00:00 21:00:00 0
50 60 20 0
-20 10 10 0
00:00:00 12:00:00 21:00:00 0
50 70 20 0
-20 0 10 0

Ewkova 6.3 - AA\ayr) Aopng. MNavw to mplv Kol KATW TO PETA

Katd t Sidpkela mou Aettoupyel n B€ppavon Adyw tng mpoPiedng (dnAadn mpv
Aettoupynosl AOyw TPOYPAKMOTOG), YIVETOL Hla VEQ EKTAMNOCN TOU UTIAPYOVTOG
odaApatog. H cuykekplpévn S1opbwaon apxikd £xel TV TR 0 Kot TeAkA Aappavel
TN T mou Sivel To Xpovo og Aemtd amd TN OTYUA TIou emteXONKe n emBupnTy
Beppokpaoctia, YEXPL TN OTLYUA TIou Ba MPETEL va EEKLVIOEL TO TIPOYPAMUO. AUTA N
TN adatpeitat oto TEAog amnod to opaiua adou n Béppavon Eekivnoe va Asttoupyet
OPKETA TILO TIPLV ATIO OTL XPELACTNKE KOl METUXE TILO VWPIC amd otav BéAape tnv
emBbupuntr Bgpuokpacia
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Jtn ouvéxela akoAouBei to Slaypappo pong Sedopévwy Omou emnefnyeital avaAuTika n
Aewtoupyla tou €€umtvou aiyopiBuou. To diaypappa porng Sedopévwy eival to idlo téoo yla
To Beppootatn on-off 600 kol yla autov mou xpnowlormnolel pid. H pévn diadopomnoinon
avapeoa otoug dUo alyopiBuoug eival o Xpovog Katd Tov omoio Ba gival avolkTr r KAELoTn
n B€puavon, mou autd ¢avnke ota dlaypdappata 1 kot 2. ¥to Stdypappa 3 Aoumov, otav
avadépetal avolypa Béppavong yia 10 Aemtd, umovoesitol 6Tl ota cuykeKpLpéva 10 Asmta
Ba akoAouBnBel n MoOALTLIKA avolypatoc mou akoAouBei o kaBe Beppootatnc.

Apxn

A 4

Apxikomoinon MetaBAntwv kat

&

o |

s 4

AldBaopa Npoypdupotog Xpnotn

Yrapxel Mpoypauua;
(w>10;)

\ 4 A 4

Avolypa Bépuavong yla 10 Aemta, YroAoyLlopog oéoou xpovou (T) Ba

UTTOAOYLOWV TWV VEWV TLLWY TWV TEPAOEL LEXPL VA GTAOEL TO

HETABANTWV KAl UTIOAOYLOLOC TOU ETMOLLEVO SLACTNLO TIOOVOALLLLATOC
obaAuatog otn doun

Elvat autog o xpovog
HEYOAUTEPOG TWV 2
wowv: (T<2h:)

val

oxL

A 4

AldBaopa and tn doun yla to
TO0O TILO TIPLV TIPETIEL VAL OpXLOEL

va Aettoupyel n Oépuavon (Trpwv)

! v

ont KAelowpo B€ppavong yia 10 Asmta
KOlL UTTOAOYLOUOC TWV VEWV TLUWV
TwWV PETABANTWV
Vol
Avolypa Bépuavonc yia 10 Aemta, Awdypappa 6.3 - Aldypappo
UTIOAOYLOUOC TWV VEWV TLHWV TWV por¢ dedopévwy yia E§umvo

UETABANTWV KAl UTIOAOYLOUOG TOU Beppootatn

véou odaApoatog Triplv otn Soun
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6.3. llapovciaon £é§umtvov Beppostatn

AdoU avamtuxbnke o £Eunvog alyopLlBuog, Umopouv va yivouv TIPOCOUOLWOELG VLo Toug U0
Bepuootateg, autn TN GOPA  XPNOLUOTIOLWVTAG TOV OCUYKEKPLUEVO aAyoplBuo. OL
TIPOCOUOLWOELG EYLVaV YL 3 oUVEXOUEVEC BSoUASEG WOTE va UmopouVv va mapotnpnouv
ol OSLadopEG TPOCUPUOYEC TIOU KAVEL O aAyoplBuog. Mo katw moapoucialovtol To
anoteA£éopaTa TNE MPOCOUolWaoNC yLa Tov Beppoaotatn on-off.
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ON-OFF smart thermostat week 2
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ON-OFF smart thermostat week 3
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Napaotacn 6.7 - Osppootdtng on-off yla to mpdypappa tng tpitng efSopadag
2Tn ouvExela akoAouBel n mpooopoiwon yLa To BEPUOOTATN TIOU XPNOLUOTIOLEL TOV EAEYKTN
pid.
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5 ON-OFF smart thermostat pid week3
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Kat yla tig SUo MePUTTWOEL] Twv Beppootatwy, mapatneolue OtL TNV mpwtn gBdoudda
eneldn n doun eival apylkomolnuévn oto 0, n B€puavaon Sev Eekva va AetToupyel mo mpv
and 1o Slactnuo mou KaBopiletal amd TO TMPOYPAUUA XPNOTN, HE AmMOTEAECHA va
napatnpeital n o cupnepidopd Pe To Otav dev UTHPXE 0 €Eumvog alyoplBuoc. Qotooo,
tn &eltepn efSopada mapatnpoUE OTL N Béppavon Eekva va Asttoupyel and vwpig adou
amoBnkevtnkav otn Soun otoleia amod tnv mpwtn efSopdda. Ie kamola SlaoTHpATa
napatnpeital OtL dev fekivnoe OPKETA TO VWPIC n Bfépuavon evw oe KAmola GAAO
napatnpeital ot n Bépuavaon Sev EMpemne va KLV OEL va AELTOUPYEL TOOO TIOAU TtLo Tipiv.
Jta anoteAéopata tne TPitng gBdopadag mapatnpoUpe KATTOLEG OANAYEC OE OXEON HE TN
SeUTEPN KUPLWG TIC TIPWTEC NUEPES TNG eBdopadac ylati n e€wtepikn Bepuokpaocia sivatl
TOAU TILO XaUNAR o€ oxéon Ue tn mponyoupevn eBdopada. H Stadopd auth tng eEWTEPLKAG
Beppokpaocia, Suoxepével tn Béppavon Tou SWHATIOU e AMOTEAECUA VA LNV TIETUXALVETOL
n Wavikr ocupnepldopd. AvtiBeta, o MEPUTTWOELS OTOU N eEwTepLkr Bepuokpacio eivat
oxebov n 6o avaueoa otn S6eUtepn kot otnv tpitn e€fSopdda, mapatnpoupe OTL O
Beppootatng Asttoupyet LSavikaA.

TN OUVEXElA TAPOUCLAIOVTOL KATOLEG TIEPUTTWOELG TILO OVAAUTIKA Yyl va Umopsl va
EPUNVEUTEL KOAUTEPA N OUYKEKPLUEVN cupmepldopd. OL MEPUTTWOELS Ba MOPOUCLOCTOUV
HOVO yla To BeplooTdtn Tou xpnoLuornolel Tov eAeykth pid alad avtiotolyn ocuumnepidopd
KOl CUMTITEPACLOTA LOXUOUV Kal yLa To Beppootdtn on-off.
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MapatnpoUpe OtL tn Oevtepn eBSopdda o Beppootdtng dpovtilel va Eeklviosl T
Aeltoupylo TOU KATOLO XPOVO TILO TPV HE OTMOTEAECUO va TETUXALVEL TNV €mBupntn
Bepuokpaocia, TNV emBupnT XPovikn otyun. Ou TLHEC TnG Bepuokpaoiag meptBallovtog
(e€wtepikn Bepuokpacia) avapeoa otig SUo eBSoUAdEC €xouv pla TIOAU pkpn Sladopa,
adou n deutepn eBSopada swval eAadpwg mo {eoTr, KAl yLa AUTO TO AOYO OPATNPOULE OTL
tn 6eutepn eBSopada n emBupntr Bepuokpacia netuyaivetal eAadpwc o vwpig. Qotdoo,
To anotéAeopa yia t de0tepn eBfdoudda pumopei va BewpnOel Ldaviko.

Me Bdon to amoteAEéopa IOV apaTtnPRONKE TILo TIPLY, avVaUEVOTaY OTL N Teltn efSoudada Ba
giyxe mapouoLla cupmeptdopd pe tn delTePn aANG OMwC daivetal oto Staypapua 6.13, kATl
TETOLo Sev LoYUeL. H ouykekplpévn amokAlon odeiletal otn efwtepikn Bepuokpaocia, adol
v tpitn efSopdda sivat 5-8°C o xapunArn oc oxeon e Tn SeUTEPN Kal £T0L N XOUNAR
efwrtepikr Bepuokpacia kabuotepel Tn Aettoupyla Bépuavong Tou Swuatiou.

Atloonpueiwto eival va mapatnpnBel 6tL n anokAnon tng mpwtng efSopadag Kat tng Titng
elval oxedov n 8ia, pe tn dtadopd otL N tPitn €fdopdda sivat moAL o Yuxprn amo tn
nipwtn (5-7°C). 2tn mepimtwon, AOmov, ToU XPNOLLOTIOOTAY £Vac amAdg BeprooTATnG Kot
OXL €vag €Eumvog, Ta amoteAéopata mou Ba Aappavovtav yla thv tpitn efdoudada Ba eiyav
TOAU peydio opaipa katl Ba dpa dev Ba avtamokpivovtav oxedov kabBoAou otig embupieg
TOU XpNoTn.
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. ‘ ‘ Friday Week‘ 3
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Napaotacn 6.15 - Asttoupyia Beppootatn tnv Napackeun TG tpitng eBSouadag

2TN CUYKEKPLUEVN TIEPLTTTWAN, TIOPATNPOULE OTL N POPAedn yia tn Seltepn eBSopada ixe
KAmolo opaipa, adoul n emBuPNTH Beppokpacia eMITeEUXONKE TPLV ATO TN XPOVLKA OTLYUNA
TIOU OpLoe 0 Xpnotnc. MNa va dlopbwbel To cuykekplpévo odbdApa yia Thv tpitn efdopada,
HEWWBNKe otn Soun n TLUA TIOU UTHPXE €TOL WOTE va KOBUOTEPNOeL MePLOCOTEPO va
Eekwvnoel n Bépupavon tn tpitn efdopdda. Apa, avapévoupe OTL T tpitn efSouada Ba
£XOU e Kamola oxebov Lbavikn cuumnepldopd.

Ta OmMOTEAECUOTA TIOU TOPATNPOUME OPWG yla TV TPitn €Bdopdda ywpiletal oe duo
UTIOTIEPLITTWOELG, Hia yla KOs Siaotnua. To mpwto Stdotnuo akoAouBel tn cuunepibopd
¢ nepinmtwong 1, adou tn tpitn efdouada n s€wtepikn Bepuokpacio ATav Mo XaunAn Kot
£10L Snuovpynoe kabuotépnon otn Bépuavon Tou dwuatiou. AvtiBeta, mapatnpoupe OTL
oto Sevtepo Sldotnua n efwteplky Bepuokpaocia tn tpitn pdoudda sival ehadwg mo
vdnAn and auvtn g Ssutepng efSopadag, evw TN XPOVLKA OTLYUN Tou Eeklva n Bépuavon
™ tpitn eBdoudda éxouv oxedov tnv Sla e€wtepikr Bepuokpaocia. Auth n cupnepldopd
¢ s€wtepikn Bepuokpaociag édwoe oav amotéAsopa o oxedov bavikr ocuumnepldopd
otV eowtepLKn Beppokpaocia, adol n amokALlon mou dnuoupyndnke sival TOAU pLKp).
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Napaotacn 6.16 - Asttoupyia Beppootatn tnv Kuplakr tng deVtepnc efSopadag
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JTN OUYKEKPLUEVN TEpiMTwon mopatnpoUpe oOtL Tt 6&eltepn €BSopdada n embBuunth
Bepuokpaocia emitevYBNKe Mo VWL amod otav NBeAe o xprnotng, OMWC Kal oTnV MeEPLMTWon
2. Tn tpitn eBdopada opwc moapolou mou n BEpuavon ekivnoe tn Asttoupyeia tng mio
apya, n emBLUNTA TR Kol TTAAL ETUTEUXONKE TO VwpPLG O OXEon UE TOV OPLOUO TOU
T(POYPAUUATOG XPNOTN.

H ouykekplévn oupmepldopd, oPpelletal oTo yeyovog OTL Thy Tpith eBSoudda, n eEwtepikn
Bepuokpaocia kupaivetal os o uPnAd enineda oe oxéon pe tn Sevtepn €BSouada, pe
amnotédecpa va Bonbasl otn Asttoupyia Béppavong tou dwuatiou. Akopa, AOyw Twv
vPnAwv Beppokpaoclwy mou Tapatnenenkav tnv tpitn efdopada n B£puavon Asttoupyel
YLOL TILO LKPA XPOVIKA SLACTALATA, TIOU £LvalL AOYLKO.

6.4. TUyKploELS - ZUUTIEPAOPAT

‘EXovtog MOpOUCLACEL T OMOTEAECUATO TIOU TIPoodEPEL €vag amAOg Kal €vag €EUTvog
Beppootatng, eUkoAa yivetal epdavég n KaAltepn Asttoupyia mou mpoodépel o £Eumvoc.
OuOoLAOTIKA, TO amoTeAéopaTa TG MPWTING efSouadag pe xprion £Eunvou Beppoaotdtn sival
ta (Sla pe autd Tou amAoy, OUWG HMETA TO TEPAG TNG MPwTnG efdopddag o £€umvog
TPOCAPUOLeL KOAUTEPA TNG EMBLUUNTA BepUOKPACLO OTO XPOVIKA SdlaoTripata ou opileL o
Xpnotng.

Akoua, yivetol ¢pavepd mMOco PeYAAn onpaocia €xel otn Asttoupyia Twv BeppooTtatwy n
Stakvpavon NG efwteplkng Beppokpaciog. AUTEC oL SLOKUMAVOELS Hmopolv  va
TIPOKOAECOUV QTTOKALOELG 0T AetToupyia Tou €€umvou BeplooTtdtn Kal £T0L va Un AdBoupe
TEAKA LSAVIKA ATIOTEAECLOTA VLA KATIOLEG NUEPEC, TIAPOAO TIOU e BAON TLG TPONYOUUEVEG
eBSouadec elxape WSaviky Asttoupyia. Qotdoo, AUTEG oL amokAloslg Ba NTav akopa Lo
LEYAAEG OV XPNOLLOTIOLOTAV £VaG OTTAOG BEPUOOTATNG EVW OTN XELPOTEPN Tiepimtwon Ba €xel
TNV 8La anokAlon e tov amno Bepupootdrn.

H xprion Aounov tou £€unvou BeppooTtdtn yla th B€ppavon KAmolou SwUaTiou | KAToLlou
KTlplou, poodEpel TNV eyyunon OtL Ba undpfouv KAAUTEPO QAMOTEAECUOTA ATIO KATIOLOV
AaAAo amAo Bepuootdtn. H xprion toug, BeBatwvel To xprotn otL Ba AdPel tnv Bepuokpacia
mou emtBupel, otav TNV €mBUMEL. ITIC TMEPUTTWOELS OMOU UTIAPXEL N aAmOKALon Kol Oev
AappBavetal n emBupunth Bepuokpaoia, n enintwon Sev €xeL TO0O PeyAAn onuooia otig o
TOMEG TepUTtwoelG. Auto odeiletal oto OtTL, Otav auth n amokAlon ival apvntiki
(metuxaivetal n emBupntr Bepuokpacia mpLv to emBuPNTO Sldotnua), o xpRotng maiL Ba
AaPelL tn Bepuokpaocia mou Oploe oTo SLACTNUO TIOU OpLog, amMAQ Ba €xel KAToLa LKPN
EMIMTWON O€ TEPLTTN KOTAVAAWGON EVEPYELAC. ITN TEPLMTWON TOU N amokALlon sival Betikn
Kal dpa o xwpog dev éAaPe tnv cwotr) Beppokpacia otav £MPETE, TIG TILO TTOANEG POPEC N
Beppokpaocia tou Sdwpatiou Sev Bpioketal mMOAU To XapnAd amd tnv emBbuuntr. Etol
urtopei o xpriotng va pnv éhaPe toug 20°C rou Intolos, GuwC Sev Ba VWoeL Tn Stadopd av
A&BeL 19°C.

O £€umvog BepuooTATNG AOLTIOV AVTATTOKPIVETAL OTLC QTTALTHOELG TOU XPrOTN KAl TIETUXALVEL
TO OKOTO ToUu, va Bepuaivel SnAadn To SWUATIO-KTIPLO Ot €TIOUUNTEG TIUEG. AKOUO, OTLG
TEPUTTWOELG TtoU Sev KatadEpvel va TETUXEL TNV emBupntr Beppokpacia, e€acharilel Ot n
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Beppokpaocia Tou dwuatiou-ktipiou Ba kupaivetal o€ TOAU KovTLvEG Bepokpacieg amd tnv
gmBLUNTN Kal apa olyoupa dev UTIAPYXEL TIEPIMTWON 0 XPHOTNG va viwaoel Sucadopia amnod to
KpUO.

Afloonpeiwto emiong eival to OtL 0 BepUOCTATNG TIOU XPNOLUOTOLEL Tov eAeykth pid
TIETUXEVEL TIOAD KOAUTEPA AmMOTEAETUATA OO ToV anAd on-off Omwg £xeL oXOALAOTEL KOl OTO
kepdAato 5. Adyw tng duong tou Beppootdrn on-off va €xel pa votépnon +1°C amd tnv
gmBupuntn Bepuokpacia, Ta amoteAéopata mou Aapdavouue yla tov £Eumvo Beppootatn
on-off éxouv alobntn Stadopd pe aUTd Tou EEUTIVOU BEPLLOCTATN TIOU XPNOLUOTIOLEL EAEYKTH
pid.

Itn mepimtwon Aowutov mou Ba Empene va amodaclotel mMolog Bepupootding OBa
KOTAOKEVOOTEL yla va xpnolgomnolnBel o mpaypatikd xpdévo (real-time), n katdAAnAn
emhoyn Ba Ntav o £Eunvog BeplOOTATNG TOU KAVEL Xprion eAEYKTH pid.
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KED®AAAIO 7. XYNOWH

21O OUYKEKPLUEVO KedAAOLo TtapouoLAlovTol Ta TEAKA CUUTIEPACHOTO Ylo TNV OVATTTUEN

Tou £€umvou Beppootdtn. Emiong, avaAlovtal Kol KATOLEG EMEKTACELG TIou Ba pmopoloav
va ylvouv otnv mapouvoa epyacia.

7.1. Suumepacpata

ZTOX0G TNC CUYKEKPLUEVNC Epyacia ATav uAomoinon evdg €Eunvou Beppoaotdtn, o omoiog Ba
POCEDEPE XAPAKTNPLOTLKA TTAPOHOLA [LE AUTA TWV EUTIOPLKWV EEUTIVWVY BeppooTtatwy. Katd
Vv vAomnoinon katavonBnke 6tL Sev Atav duvatn n €€ oAokApou UAOTOLNGCN OE UALKO TOU
Beppootatn, Adywv twv uPnAwv Beppokpaciwy Tou Tapouctdlovtal otnv ABrva to
KaAokaipt. Mo autod to Adyo, KATAOKEUAOTNKE TIPOKTLKA [OVO TO KOUUATL TOU BepLOUETpOU
yla mapatnpnon tng Bepuokpaciog tou dwpatiou, kabBwg emiong avamtuxdnke Kal pia
Stadiktuakn edappoyn yla Ty mapoucioon Kot Tov EAeyxo Tou Bepupootdtn.

AdoU oAokAnpwONKE n KATAOKeUH TOu BepUopETpou e tn BorBela tou Raspberry Pi 2 kain
avamntuén tng edpappoyng and omou Sivetal to efdopadlaio mpoypaupa, Eekivnoav va
HEAETOUVTOL KATOLO BEpULKA LloOSUVAA HOVTEAD KTplwv. Ta CUYKEKPLUEVA HOVTEAQ NTAV
avaykaia yla TiG Tpooopolwoelg adou dev Ba kataokeualotav oAOKANPWTLKA HE UALKO O
£€unvog Bepuootatng. Na kdbe povielo, avamntuxbnke évag anhog BeppooTATnG Kal £vag
Beppootatng mou xpnotdomolel pid eAeyktr). Itn ouvéxela, adol TApPBnKav TA
omoteAéopaTa yla KABe HOVTEAO Kal ylo Toug OUo Bepuootdteg, kataAnfape oto
CUMTMEpPOOUA OTL To Hovtélo TiTeThTs MpoodEpPeL T TIO KOVIWA OTN TPAYMOTIKOTNTA
anmoteAéopaTa KOl OTL 0 BEPOOTATNG TIOU XPNOLUOTOLEL eAeyKT pid, MpoodEpel KaAUTEPQ
KOLL TTLO ATTOSOTLKA OTTOTEAECOTO OE OXEON e AUTO TIoU Sev XpnoLponolel pid.

To endpevo Brpa Atav n avantuén tou £Eumvou alyopiBuou, 6Tou €yLve WE TN Xpron Tou
povtélou TiTeThTs, adol maAl ta anoteAéopata Ta AABOUE YL TPOCOMOWWOELS. H xpron
Tou €€umvou aAyopiBuou telika emétpede tn PeATiwon TwWV AMOTEAECUATWY TOU Eiyaue
AaBel oto mpnyoupevo Prua, adol o €€umvog adyoplBuog mou avamntuxbnke enétpee to
avolypa tne B€ppavonc mo vwpig armd otav To OpLle To MPOYPAUA XpHoTh.

To teAlkd cupmépaopa TN apoloog epyaoiag ival otL £vag £Eunvog Beppootdtng umopet
va vlomolnBetl kol va eival apKeTA OMOTEAECUATLKOC, BEATLOTOG KAl VO TTPOCAPHOLETAL OTLC
emBbupieg tou xpnotn. TéAog, amd OAoug Toug OepupooTAteg TOU £XOUV €£EETAOTEL,
napatnpnonke OMwe Kol OVAUEVOUE, OTL AUTOC TTou Sivel Ta KaAUTepa anoteAéopata sivat
o0 €€umvog Beppootdtng pe xpron eheyktn pid.
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7.2. lIpotewvopeveg EMeKTACELG

Meta to mépag TnG epyaciag, mapatnprnbnkav Kamowa onpela ta onoia Ba pnopovoav va
BeAtiotomownBouv kat kamola GAAa ta onoia Ba pnopoucav va npootebouv. Itn mapoloa
napaypado Aoumov mepLlypAdovTaL Ol CUYKEKPLUEVEG EMEKTACELC TIOU TIPOTEIVOVTAL.

e Kataokeur) tou €€umvou BeppOOTATN HME UAIKO yla va pmopolv va AndBouv oe
TIPAYLATLKO XpOVo Kol Sedopéva, amoteAéopata.

e Kataokeur) Bepuopétpou Kol yia thv efwteplky Bepuokpacia. tn mapoloo
gpyaoia, n séwrteptkr) Beppokpacia AaBdvetal and kamowo otabuo otnv ABnva
Héow TNG umnpeoiag OpenWeatherMaps kat yia autd to AOyo uUmopel va
TMAPOUCLAlel KATol omoOkALon amd tnv Beppokpacioc TOU UTAPXEL OTN
OUYKEKPLLEVN TIEPLOXI) TOU OTLTLOU.

e Avaluon yla tn Asttoupyia Tou KANUOTLOTIKOU, WOTE yla tn B€puavon tou dwpatiou
Va XPNOLUOTOLELTAL TO KALUOTLOTLKO.

e Enéxtaon tou €Eumvou aAyopiBuou wote va AaUPBAVEL UTIOYLY KOl TNV €EWTEPLKN
Bepuokpaocia. And ta amoteAéopata mou AndgOnoav yla tov £Eunvo Beppootdrn,
napatnpndnke otL n e€wrteplkn Bepuokpaocia pmopel va alolwoel tn Asttoupyia
Tou BeppooTATN OTAV MOPOUCLALEL EYANEG SLAKUUAVOELG.

e Evowpdtwon mpoPAedng tng e€wteplkng Bepuokpaciog otov £Eunvo alyoplBuo.
ZTov mapov £EUTIVO aAyopLOUO, oL AAAAYEG OTO XPOVO TOU TIOCO TILO VWPLG TIPETEL Va
gekvnoel n Bépuavon ylvovtal avilAnmteég UeTd amo pio efdopdada. Eav
evowpatwOel n mpoPAedn NG e€wTteplkng Beppokpaaciag, Ba undpyel n Suvatotnta
Va IPOoapUOTETAL AUTOC 0 XpOvog yla tnv idla efdopada.

e H avamrtuén napaoctdoswyv otn Stadiktuakr edapuoyn omou Ba daivetal n opbn
Aettoupyia Tou Bepuootdtn pe Baon Tig Bepuokpacieg kot €tol Ba SleUKOAUVEL TO
XPrOTN OTO VA KATOWVONOEL av eMLBUPEL va KAVEL KATTOLEC AANOYEG.

e Eudavion otn Sladlktuakh edapuoyr] TOU CUVOAIKOU XpOvou Aettoupyiag tng
B€ppavonc, waote va pmopel va UTIOAOYLOTEL N GUVOALKN EVEPYELA KOL TO KOOTOG TIOU
KatavoAwvel o Oeppootdtnc.

e [lpooBnkn puBUNONG wWote 0 XPHotng va pmopsl va aAkdgel tn Beppokpacia mou
emBupel, va avolel N va kAeloel Tn B€ppavon otav autog emBupel kot avedptnta
and to mpoypaupa. Eniong va undpxet unootnpnén yia “All day” kat “Away” yla
gvepyomolnon 1 amnevepyornoinon avtiotolxa tn Béppavong yla OAn tnv nuépa
ave€AdpTnNTaA Ao TO MPOYPALAL.
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21.
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graph_week.php yLa tn ogAida otatiotikwy epdopadag

graph_week.css yia tn popdomnoinon tng oeAidag otatiotikwy eBSopddag
statistic_week.py yLa tTnv emloyn Twv ecWTEPIKWY BEPUOKPACLWY Ao T BAch yla
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out_statistic_week.py yLa tnv emihoyn Twv e€wteplkwv Bepuokpactwy ano tn Baon
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Mo TLG TIPOCOUOLWOELG TWV BEPLOOTATWY OTA OVTEAA XPNOLUOTIOLBnKav Ta:

23.
24.

25.
26.
27.
28.
29.
30.

Ti_on-off_delay.py yLa to povtélo Ti kat Tov Beppootatn on-off
Ti_pid.py yLa to povtédo Ti kal tov Bepuootatn pid

ivmech. ivPID. [online]. https://github.com/ivmech/ivPID
TiTh_on-off_delay.py yLa to povtého TiTh kat tov Bgppootdtn on-off

TiTh_pid.py yla to povtého TiTh kat Tov Beppootatn pid
TiTeTh_on-off_delay.py yLa to povtého TiTeTh kat tov Beppootdtn on-off
TiTeTh_pid.py yla to povtédo TiTeTh kat Tov Beppootatn pid

TiTeThTs_on-off _delay.py yia to povtého TiTeThTs kat tov Bgppootatn on-off
TiTeThTs_pid.py yta to povtého TiTeThTs kal tov Beppootatn pid

lNa tov £€unvo BeppooTtdtn XpnoLponolnonkay ta:

31.
32.
33.
34,
35.
36.
37.

smart_table.py yLa tn dnuioupyia tng £Eunvng doung

smart_compare.py ylo T cUyKpnon ToU TPOYPALLATOG KL TNG £EUTIVNG SOUNG
smart_update.py yla avavéwon tng £Eumvng Soung

smart_thermostat.py yLa tTnv uAomoinon tou on-off £€umvou Beppootadtn
smart.py ivat To Baoiko script yla tov on-off £€unvo Bepuootatn
smart_thermostat_pid_ext.py yla tnv uAomoinon tou pid £€unvou Beppootdtn
smart_pid_ext.py eivol to Baoiko script yla tov pid £Eunvo Beppootdtn
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[Hapaptnua I' - Kwdikag

1. database.py

#!/usr/bin/python

import rrdtool

ret = rrdtool.create("temperature.rrd”,
II__StepIIJ "6@",
"DS:a:GAUGE:300:-10:50",

'--start", '0',

"RRA:AVERAGE:0.5:1:72",

"RRA:AVERAGE:0.5:1:288",

"RRA:AVERAGE:0.5:12:168",
. "RRA:AVERAGE:0.5:12:720",
. "RRA:AVERAGE:0.5:36:720",
. "RRA:AVERAGE:0.5:72:720",
. "RRA:AVERAGE:0.5:288:365")

3. thermometer.py

Noulh wN R

00

10.
11.
12.

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

26.
27.
28.
29.
30.
31.
32.
33.

#!/usr/bin/python
import os

import glob
import time
import rrdtool

os.system( 'modprobe wil-

gpio') #execute the command(a string) in a subshell
#the command adds kernel module wl-gpio

os.system( 'modprobe wil-

therm')#return value=exit status of the process

base_dir = '/sys/bus/wl/devices/’

device folder = glob.glob(base dir + '28*')[0] #path to 1-
wire devices

device_file = device_folder + '/wl_slave'#output file
databaseFile = '/home/pi/Desktop/temperature.rrd’

a = '/sys/bus/wl/devices/28-00000670834d/wl_slave'

def read_temp_raw():
f = open(device_file, 'r')
lines = f.readlines()
f.close
return lines

def read_temp():
lines = read_temp_raw()
while lines[@].strip()[-
3:] !'= 'YES': #check if yes is the last 3 letters of line
time.sleep(0.2)
lines = read_temp_raw()
equals pos = lines[1].find('t=") #read the temperature
if equals pos != -1: #if there is no error
temp_string = lines[1][equals_pos+2:]
temp _c = float(temp_string) / 1000.0
return temp_c
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34.def read_all():

35. update = 'N:'

36. temp = read_temp()

37. update += '%f:' % temp

38. update = update[:-1]

39. rrdtool.update(databaseFile, update)
40.

41. read_all()

4.outside database.py

1. #!/usr/bin/python

2.

3. import rrdtool

4. ret = rrdtool.create("out_temperature.rrd", "--start", '0',
5. "--step", "60",

6. "DS:b:GAUGE:300:-10:50",
7. "RRA:AVERAGE:0.5:1:72",

8. "RRA:AVERAGE:0.5:1:288",
9. "RRA:AVERAGE:0.5:12:168",
10. "RRA:AVERAGE:9.5:12:720",
11. "RRA:AVERAGE:9.5:36:720",
12. "RRA:AVERAGE:9.5:72:720",
13. "RRA:AVERAGE:0.5:288:365")
6.out_temp.py

1. #!/usr/bin/python

2. import sys

3. import rrdtool

4.

5. celcius = sys.argv[1]

6. temp = float(celcius)

7. databaseFile = '/home/pi/Desktop/out_temperature.rrd’
8.

9. update = 'N:'

10. update += '%f:' % temp
11.update = update[:-1]
12. rrdtool.update(databaseFile, update)

Z.index.php

1. <!IDOCTYPE html>

2. <html>

3. <head>

4. <meta charset="UTF-8">

5. <meta name="viewport" content="width=device-width, initial-
scale=1">

6. <link rel="stylesheet" href="http://maxcdn.bootstrapcdn.com/boo
tstrap/3.3.6/css/bootstrap.min.css">

7. <link rel="stylesheet" type="text/css" href="index.css">

8. <title>Raspberry Project</title>

9. </head>



1e.

11. <body>

12. <?php

13. $first_time = 1;

14. $user = $pass = "";

15. // Get Values

16. if ($_SERVER["REQUEST METHOD"] == "POST") {

17. if (emptyempty($_POST["user"])){

18. $userErr = "Username Required";

19. $passkrr = "Password Required";

20. }else { // if 1is ok with user, check pass

21. $user = test_input($_POST["user"]);

22. if (emptyempty($_POST["pass"])){

23. $passErr = "Password Required";

24, }else { //ok with pass too

25. $pass = test_input($_POST["pass"]);

26. $first_time = 0;

27. }

28. }

29. }

30. function test_input($data) {

31. $data = trim($data);

32. $data = stripslashes($data);

33. $data = htmlspecialchars($data);

34. return $data;

35. }

36.

37. $servername = "localhost";

38. $database = "project";

39.

40. if (!$first_time){ //check only after submit button is pressed and

user and pass not null

41. // Create connection

42, $conn = mysqli_connect ($servername, $user, $pass, $database);

43, // Check connection

44, if (mysqli_connect_errno($conn)) {

45, echo "<script>alert('Wrong username or password')</script>"

46. }else{//its ok so load main page

47. mysqli close($conn);

48. header("Location:project/main.php");

49. }

50. }

51. 2>

52.

53.

54. <div id="background-carousel">

55. <div id="myCarousel" class="carousel slide" data-ride="carousel">

56. <div class="carousel-inner">

57. <div class="item active" style="background-

image:url(https://i.ytimg.com/vi/wNYgi2scaGU/maxresdefault.jpg)">

</div>

58. </div>

59. </div>

60.</div>

61.

62.

63. <section id="login">
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64. <div class="container">

65. <div class="row">

66. <div class="col-xs-12">

67. <div class="form-wrap">

68. <form class="text-center" id="login-

form" method="POST" action="<?php echo htmlspecialchars($_SERVER["PHP_S
ELF"]); ?>" role="form" autocomplete="off">

69. <h1>Login</h1l>

70. <div class="form-group">

71. <label for="user" class="sr-
only"></label>

72. <input type="text" name="user" class="form-
control"” id="user" placeholder="Username">

73. <span class="error"> <?php echo $userErr;?>
</span></p>

74. </div>

75. <div class="form-group">

76. <label for="pass" c
lass=="sr-only"></label>

77. <input type="passwo

rd" class="form-
control” id="pass" name="pass" placeholder="Password">

78. <span class="error"> <?php echo $passkrr;?>
</span></p>

79. </div>

80. <input type="submit" id="btn-

login" class="btn btn-custom btn-1g btn-block" value="Log in">
81. </form>

82. </div>

83. </div></div></div>
84. </section>

85. </body>

86.

87.</html>

8. index.css

1. #background-carousel{
2 position:fixed;
3. width:100%;

4, height:100%;

5 z-index:-1;

6. }

7

8

.carousel,
.carousel-inner {

9. width:100%;

10. height:100%;

11. z-index:0;

12. overflow:hidden;

13.}

14. .item {

15. width:100%;

16. height:100%;

17. background-position:center center;
18. background-size:cover;
19. z-index:0;

20.}
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21.

22.#login {

23. padding-top: 50px;
24.}

25. #login .form-wrap {

26. width: 60%;

27. margin: © auto;

28. border: 1px solid #ccc;
29. border-radius: 4px;
30. background-color: #ffffff;
31. padding-left: 50px;
32. padding-right: 50px;
33. padding-bottom: 50px;
34.

35.}

36. #login hl {

37. color: #3366ff;

38. font-size: 36px;

39. text-align: center;
40. font-weight: bold;
41. padding-bottom: 20px;
42.}

43. #login .btn.btn-custom {
44, margin-top: 50px;

45. font-size: 14px;

46. margin-bottom: 20px;
47.%

48. .form-control {

49, color: #212121;

50. }

51. .btn-custom {

52. color: #fff;

53. background-color: #3366FF;
54. }

55. .btn-custom:hover,
56. .btn-custom:focus {
57. color: #fff;
58. }

9.main.php

<IDOCTYPE html>
<html>
<head>
<meta charset="UTF-8">
<title>Raspberry Project</title>
<link rel="stylesheet" type="text/css" href="main.css">
<meta name="viewport" content="width=device-width, initial-
scale=1">
8. <link rel="stylesheet" href="http://maxcdn.bootstrapcdn
.com/bootstrap/3.3.6/css/bootstrap.min.css">

Nouiph wNnR

10. <?php

11. //insert details for temperature

12. $jsonurl = "http://api.openweathermap.org/data/2.5/weather?id=2
64371&APPID=1f2bfcca78954c16ca3b945f0c23c776";

13. $json = file get contents($jsonurl);
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14.
15.
16.
17.
18.

19.

20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

43,
44,
45,
46.
47.
48.
49,
50.
51.
52.
53.
54.
55.
56.
57.

58.
59.
60.
61.
62.
63.
64.
65.
66.

$weather = j

son_decode($json);

$kelvin = $weather->main->temp;

$celcius = $

//send the tempe
d database

$send = shell ex
s")s

$image = $weathe

$condition = $we

kelvin - 273.15;
rature to the python file to be added to the rr
ec("python /home/pi/Desktop/out_temp.py $celciu

r->weather[0]->icon;
ather->weather[0]->description;

$humidity = $weather->main->humidity;

$wind = $weather
$sunrise = $weat
$sunrise = date(
$sunset = $weath
$sunset = date("
$today = date("l
$time = date("H:

//forecast for n
$jsonurl = "http
264371&APPID=1f2bfcca789

->wind->speed;
her->sys->sunrise;
"H:i:s",$sunrise);
er->sys->sunset;
H:i:s",$sunset);

> d MY");

i:s");

ext hours
://api.openweathermap.org/data/2.5/forecast?id=
54c16ca3b945f0c23c776";

$json = file get contents($jsonurl);
$fweather = json_decode($json);

for ($i = 0; $i

< 10; $i++){

$ftempl = ($fweather->list[$i]->main->temp)-273.15;

$ftime =
$ftemp[]

}

//forecast for n
$jsonurl = "http
ly?id=264371&APPID=1f2bf

($fweather->1ist[$i]->dt)*1000;

[$ftime, $Ftempl]”;

ext 5 days
://api.openweathermap.org/data/2.5/forecast/dai
cca78954c16ca3b945f0c23c776";

$json = file get contents($jsonurl);
$fweather = json_decode($json);

for ($i = 0; $i

< 5; $i++){

$temp_low[] = ($fweather->1list[$i]->temp->min)-273.15;

$temp_high[] =

($fweather->list[$i]->temp->max)-273.15;

$descr[] = $fweather->list[$i]->weather[0]->description;
$fimage[] = $fweather->list[$i]->weather[0]->icon;
$fdate[] = $fweather->list[$i]->dt;

}
//get the insi

$output = popen(

$list = fgets($o

$start = fgets($

fclose($output);

$data2 = explode
processed

foreach ($data2

de temperature now

"python ./statistic24h.py', 'r');
utput);

output);

(', ', $list); //making the list an array to be

as $value) {

if (trim($value) != "NAN" ) {

$temp_in[]=9%
}else{

}
}$temp now = $te
?>
<script type="text/j
1.12.0.min.js"></script>

value; //the temperature now = last
$temp_in="'null';
mp_in[119];//the last element is the 119th

avascript" src="jquery-

106



67.

<script src="https://ajax.googleapis.com/ajax/libs/jquery/1.12.

0/jquery.min.js"></script>

68. <script type="text/javascript">

69. $(function() {

70. var chart = new Highcharts.Chart({

71. chart: {

72. renderTo: 'container2',

730 type: 'line’,

74. backgroundColor: null

75. },

76. title: {

77. text: 'Forecast: Next Hours'

78. }s

79. xAxis: {

80. type: 'datetime’,

81. }s

82. yAxis: {

83. title: {

84. text: 'Celsius’

85. }

86. }s

87. series: [{

88. showInLegend: false,

89. name: 'Temperature',

90. color: '#800000',

91. data: [<?php echo join($ftemp, ',') ?>]

92. H

93, })s

9. 1)

95. </script>

96.

97. </head>

98. <body>

99. <script src="../js/highcharts.js"></script>

100. <script src="../js/modules/exporting.js"></script>

101.

102. <nav class="navbar navbar-default" id="menu">

103. <div class="container-fluid">

104. <div class="navbar-header">

105. <a class="navbar-brand">Smart Thermostat</a>

106. </div>

107. <ul class="nav navbar-nav">

108. <li class="active"><a href="main.php">Main Page</a>
</1li>

109. <li><a href="schedule.php">Schedule</a><1li>

110. <li><a href="graph24h.php">Statistics</
a></1i>

111. </ul>

112. </div>

113. </nav>

114.

115. <div class="container">

116. <div class="row">

117. <div class="col-md-5">

118. <div class="table-responsive">

119. <table class="date">

120. <tr><td><strong> <?php echo $to

day ?></strong></td> </tr>
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121. <tr><td><strong><?php echo $tim
e ?></strong></td> </tr>

122. <tr></tr>

123. </table>

124. </div>

125.

126. <div class="table-responsive">

127. <table class="forec">

128. <tr><td><img src="https://maxcd

n.icons8.com/Color/PNG/24/Weather/thermometer-
24.png" width="24"></td>

129. <td><strong>Inside Temperature:
<?php echo $temp_now ?>°C </strong></td><tr>

130. </table>

131. </div>

132. <div class="table-responsive">

133. <table class="forec2">

134. <tr><td><img src="http://openwe
athermap.org/img/w/<?php echo $image?>.png"></td>

135. <td><strong>Outside Temperature
: <?php echo $celcius ?>°C </strong></td></tr>

136. </table>

137. </div>

138. <div class="table-responsive">

139. <table class="info">

140. <tr><td> Description: </td>

141. <td> <?php echo "$condition"?></td></tr>

142. <tr><td> Humidity: </td>

143. <td> <?php echo "$humidity%"?> </td></tr>

144, <tr><td> Wind: </td>

145. <td> <?php echo "$wind m/s" ?> </td><tr>

146. <tr><td> Sunrise: </td>

147. <td> <?php echo "$sunrise"” ?> </td></tr>

148. <tr><td> Sunset: </td>

149. <td> <?php echo "$sunset" ?> </td></tr>

150. </table></div>

151. </div>

152.

153. <div class="col-md-7">

154. <div id="container2"></div>

155, <div id="forecast">

156. <div class="table-responsive">

157. <table class="none">

158. <?php echo "<tr>";

159. for ($j = 0; $j<5; $j++){

160. echo "<td><b>" . date('l',$fdate[$j]). "</b
></td>";

161. }

162. echo "</tr><tr>";

163. for ($7 = 0; $3j<5; $j++){

164. echo "<td><img src="http://openweathermap.o
rg/img/w/$fimage[$j].png' ></td>";

165. }

166. echo "</tr><tr>";

167. for ($7 = 0; $3j<5; $j++){

168. echo "<td>" . $descr[$j]. "</td>";

169. }

echo "</tr><tr>";
170. for ($j = 0; $j<5; $j++){
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171. echo "<td>low: " . $temp_low[$j]. "°C</td>";

172.

173. echo "</tr><tr>";

174. for ($3 = 0; $j<5; $j++){
175. echo "<td>high: " . $temp_high[$j]. "°C</td>";
176. }

177. echo "</tr>";

178. ?>

179. </table>

180. </div>

181. </div>

182. </div>

183. </div></div>

184. </body>

185.

186. </html>

10.main.css

. body {
2. background:url('https://projectmgtcoach.com/wp-
content/uploads/2015/03/1ight-blue-backgrounds-for-websites.jpg');
3 width:100%;
4 height:100%;
5. background-position:center center;
6. background-size:cover;
7 z-index:0;
8

}

10. #forecast {

11. width:100%;

12. float:left;

13. padding:10px;

14.}

15. #menuq{

16. width:100%;

17. font-size: 25px;
18.}

19. table.none{

20. width:100%

21.}

22.table.none td{

23. text-align: center;
24, padding-right:5px;
25.}

26. table.forec{

27. margin: auto;

28. width:70%;

29. margin-top:50px;
30.}

31. table.forec2{

32. margin:auto;

33. width:70%;

34.}

35. table.forec,table.forec2 td {
36. text-align: center;
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37. padding-right:5px;

38.}

39. table.info {

40. width:80%;

41. margin:auto;

42. border: 1px solid black;
43. margin-top:50px;
44. '}

45. table.info td{

46. text-align: center;
47. border: 1px solid black;
48, padding-top:5px;

49, padding-bottom:5px;
50. }

51. table.date {

52. margin:auto;

53. width:80%;

54. border: 3px;

55. border-style:solid;
56. border-color:#800000;
57. margin-top:80px;

58. }

59. table.date td{

60. text-align: center;
61.}

11.schedule.php

1. <!DOCTYPE html>

2. <html>

3. <head>

4. <meta charset="UTF-8">

5. <title>Raspberry Project</title>

6. <link rel="stylesheet" type="text/css" href="schedule.css">

7. <meta name="viewport" content="width=device-width, initial-scale=1">

8. <link rel="stylesheet" href="http://maxcdn.bootstrapcdn.com/bootstrap/3
.3.6/css/bootstrap.min.css">

9. <script src="https://ajax.googleapis.com/ajax/libs/jquery/1.12.2/jquery

.min.js"></script>
10. <script src="http://maxcdn.bootstrapcdn.com/bootstrap/3.3.6/js/bootstra
p.min.js"></script>

11.

12. </head>

13. <body>

14. <?php

15. // get the values from the form

16. $from=$to=$temp=$days="";

17. $first time=1;

18.

19. if ($_SERVER["REQUEST_METHOD"] == "POST") {

20. if (empty($_POST["from"])){

21. $dataErr = "Please fill all the data";
22. }else {

23. $from = test_input($_POST["from"]);

24. if (empty($_POST["to"])){

25. $dataErr = "Please fill all the data";
26. }else {
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27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43,
44,
45,
46.
47.

48.
49.

50.
51.

52.
53.

54.
55.
56.

57.
58.
59.

60.
61.

62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.

75.
76.

$to = test_input($_POST["to"]);
if (empty($_POST["temp"])){
$dataErr= "Please fill all the data";
} else{
$temp = test_input($_POST["temp"]);
$first_time = 0;

}

function test_input($data) {
$data = trim($data);
$data = stripslashes($data);
$data = htmlspecialchars($data);
return $data;

}

if (1$first_time){
$vari=$ POST["day"];//day of the week
$conn = mysqli_connect("localhost", "project", "1111", "pro
ject");
if (isset($_POST["insert"])) { //if insert is pressed
include("check_insert.php"); $validation = validate("$v
ari","$from","$to");//check for overlaps
if ($validation){//no overlaps
$insert = "INSERT INTO “$vari” ("From™, “To , " Temperatu
re’) VALUES ('$from', '$to', '$temp')";
if (!mysqli_query($conn, $insert)){ //error
echo "<script>alert('Recond can not be inserted')</s
cript>";
}
}else{//overlap error
echo "<script>alert('Overlap in time interval')</script

}
}else{ //delete is pressed

$delete = "DELETE FROM “$vari® WHERE ~From ='$from' AND "To
="'$to' AND " Temperature ='$temp'";
if (!mysqli_query($conn,$delete)){//error
echo "<script>alert('Record can not be deleted')</scrip
t©";
}
}

mysqli close($conn);

?>
<nav class="navbar navbar-default" id="menu">
<div class="container-fluid">
<div class="navbar-header">
<a class="navbar-brand">Smart Thermostat</a>
</div>
<ul class="nav navbar-nav">
<li><a href="main.php">Main Page</a></1li>
<1i class="active"><a href="schedule.php">Schedule</a><
/1i>
<1i class="dropdown">
<a class="dropdown-toggle" data-
toggle="dropdown" >Statistics
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77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.

94.
95.
96.

97.
98.
99.
100
101
102
103

104.

105
106
107
108

109
110
111
112
113
114

115
116
117
118
119
120

121
122
123
124
125
126

<span class="caret"></span></a>
<ul class="dropdown-menu">
<li><a href="graph24h.php">Day</a></1i>
<li><a href="graph_week.php">Week</a></1i>
</ul>
</1i>
</ul>
</div>
</nav>
<div id="section">
<div class="container">
<div class="row">
<div class="col-md-12 col-xs-12">
<!-- make the tab menue for every day -->
<!--
php code so we stay at the same day tab after an insert/delete -->
<div class="radio">
<input type="radio" name="tabs" id="monday"
<?php if ($_SERVER["REQUEST_METHOD"] == "POST"){$vari=$_POS
T["day"];
if($vari=="Monday"){echo "checked"; }} ?> >
<label for="monday">
<span> Monday </span>
o </label>
. <input type="radio" name="tabs" id="tuesday"
. <?php if ($_SERVER["REQUEST METHOD"] == "POST"){$vari=$
_POST["day"];
if($vari=="Tuesday"){echo "checked"; }} ?> >
<label for="tuesday">
o <span> Tuesday </span>
. </label>
. <input type="radio" name="tabs" id="wednesday"
. <?php if ($_SERVER["REQUEST METHOD"] == "POST"){$vari=$
_POST["day"];
. if($vari=="Wednesday"){echo "checked"; }} ?> >
. <label for="wednesday">
. <span> Wednesday </span>
. </label>
. <input type="radio" name="tabs" id="thursday"
. <?php if ($_SERVER["REQUEST_METHOD"] == "POST"){$vari=$
_POST["day"];
. if($vari=="Thursday"){echo "checked"; }} ?> >
. <label for="thursday">
. <span> Thursday </span>
. </label>
. <input type="radio" name="tabs" id="friday"
. <?php if ($_SERVER["REQUEST_METHOD"] == "POST"){$vari=$
_POST["day"];
. if($vari=="Friday"){echo "checked"; }} ?> >
. <label for="friday">
. <span> Friday </span>
. </label>
. <input type="radio" name="tabs" id="saturday"
. <?php if ($_SERVER["REQUEST_METHOD"] == "POST"){$vari=$
_POST["day"];
if($vari=="Saturday"){echo "checked"; }} ?> >

127.
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128. <label for="saturday">

129. <span> Saturday </span>

130. </label>

131. <input type="radio" name="tabs" id="sunday"

132. <?php if ($_SERVER["REQUEST_METHOD"] == "POST"){$vari=$
_POST["day"];

133. if($vari=="Sunday"){echo "checked"; }} ?> >

134. <label for="sunday">

135. <span> Sunday </span>

136. </label>

137.

138. <I--

show the data in the table for the appropriate day -->

139. <div id="mon-content" class="tab-content">

140. <h3>Monday Schedule</h3>

141. <?php

142. include("show_schedule.php"); show("Monday"); ?>

143. <form action="<?php echo htmlspecialchars($_SERVER[
"PHP_SELF"]); ?>" method="POST" >

144. <br>

145. <fieldset>

146. <legend> Data: </legend>

147. <div class="width">

148. Insert time in format: hh:mm:ss<br>

149. From:<input type="time" name="from" id="asl"><b
r>

150. To:<input type="time" name="to" id="as2"><br>

151. Temperature(15-
30 Celsius):<input type="number" name="temp" min="15" max="30" id="as3"
>

152. </br></br>

153. <input type="hidden" value="Monday" name="day"/
>

154. <input type="submit" value="Insert" name="inser
t"/>

155, <input type="submit" value="Delete" name="delet
e"/>

156. </div>

157. </fieldset>

158. </div>

159. <div id="tue-content" class="tab-content">

160. <h3>Tuesday Schedule</h3>

161. <?php show("Tuesday"); ?>

162. <form action="<?php echo htmlspecialchars($_SERVER[
"PHP_SELF"]); ?>" method="POST" class="form" >

163. <br>

164. <fieldset>

165. <legend> Data: </legend>

166. <div class="width">

167. Insert time in format: hh:mm:ss<br>

168. From:<input type="time" name="from" class="inpu
t" id="as1"><br>

169. To:<input type="time" name="to" class="input" i
d="as2"><br>

170. Temperature(15-
30 Celsius):<input type="number" name="temp" min="15" max="30" id="as3"
>

171. <br><br>

113



172. <input type="hidden" value="Tuesday" name="day"
/>

173. <input type="submit" value="Insert" name="inse
rt"/>

174. <input type="submit" value="Delete" name="delet
e"/>

175. </div>

176. </fieldset>

177. </form>

178. </div>

179. <div id="wed-content" class="tab-content">

180. <h3>Wednesday Schedule</h3>

181. <?php show("Wednesday");?>

182. <form action="<?php echo htmlspecialchars($_SERVER[
"PHP_SELF"]); ?>" method="POST" >

183. <br>

184. <fieldset>

185. <legend> Data: </legend>

186. <div class="width">

187. Insert time in format: hh:mm:ss<br>

188. From: <input type="time" name="from" id="asl"><
br>

189. To: <input type="time" name="to" id="as2"><br>

190. Temperature(15-
30 Celsius): <input type="number" name="temp" min="15" max="30" id="as3
">

191. <br><br>

192. <input type="hidden" value="Wednesday" name="da
y'/>

193. <input type="submit" value="Insert" name="inser
t"/>

194. <input type="submit" value="Delete" name="delet
e"/>

195. </div>

196. </fieldset>

197. </form>

198. </div>

199. <div id="thu-content" class="tab-content">

200. <h3>Thursday Schedule</h3>

201. <?php show("Thursday"); ?>

202. <form action="<?php echo htmlspecialchars($_SERVER[
"PHP_SELF"]); ?>" method="POST" >

203. <br>

204. <fieldset>

205. <legend> Data: </legend>

206. <div class="width">

207. Insert time in format: hh:mm:ss<br>

208. From: <input type="time" name="from" id="asl"><b
r>

209. To: <input type="time" name="to" id="as2"><br>

210. Temperature(15-
30 Celsius): <input type="number" name="temp" min="15" max="30" id="as3
">

211. <br><br>

212. <input type="hidden" value="Thursday" name="day"
/>

213. <input type="submit" value="Insert" name="insert
"/s
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214.
"/
215.
216.
217.
218.
219.
220.
221.
222.

<input type="submit" value="Delete" name="delete

</div>
</fieldset>
</form>
</div>
<div id="fri-content" class="tab-content">
<h3>Friday Schedule</h3>
<?php show("Friday"); ?>
<form action="<?php echo htmlspecialchars($_SERVER[

"PHP_SELF"]); ?>" method="POST" >

223.
224.
225.
226.
227.
228.
r>
229.
230.

30 Celsius):

231.
232.

>

233.
ll/>
234.

241.
242.

<br>

<fieldset>

<legend> Data: </legend>

<div class="width">

Insert time in format: hh:mm:ss<br>

From: <input type="time" name="from" id="asl"><b

To: <input type="time" name="to" id="as2"><br>
Temperature(15-
<input type="number" name="temp" min="15" max="30" id="as3

<br><br>
<input type="hidden" value="Friday" name="day"/>

<input type="submit" value="Insert" name="insert
<input type="submit" value="Delete" name="delete

</div>
</fieldset>
</form>
</div>
<div id="sat-content" class="tab-content">
<h3>Saturday Schedule</h3>
<?php show("Saturday"); ?>
<form action="<?php echo htmlspecialchars($_SERVER[

"PHP_SELF"]); ?>" method="POST" >

243.
244.
245.
246.
247.
248.
>
249,
250.

30 Celsius):

>
251.
252.
>
253.
/>
254,
/>
255.
256.
257.

<br>

<fieldset>

<legend> Data: </legend>

<div class="width">

Insert time in format: hh:mm:ss<br>

From: <input type="time" name="from" id="asl"><br

To: <input type="time" name="to" id="as2"><br>
Temperature(15-
<input type="number" name="temp" min="15" max="30" id="as3

<br><br>
<input type="hidden" value="Saturday" name="day"/

<input type="submit" value="Insert" name="insert"
<input type="submit" value="Delete" name="delete"
</div>

</fieldset>
</form>
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258. </div>

259. <div id="sun-content" class="tab-content">

260. <h3>Sunday Schedule</h3>

261. <?php show("Sunday"); ?>

262. <form action="<?php echo htmlspecialchars($_SERVER[
"PHP_SELF"]); ?>" method="POST" >

263. <br>

264. <fieldset>

265. <legend> Data: </legend>

266. <div class="width">

267. Insert time in format: hh:mm:ss<br>

268. From: <input type="time" name="from" id="asl1l"><b
r>

269. To: <input type="time" name="to" id="as2"><br>

270. Temperature(15-
30 Celsius): <input type="number" name="temp" min="15" max="30" id="as3
">

271. <br><br>

272. <input type="hidden" value="Sunday" name="day"/>

273. <input type="submit" value="Insert" name="insert
"/s

274. <input type="submit" value="Delete" name="delete
"/s

275. </div>

276. </fieldset>

277. </form>

278. </div>

279. </div>

280. </div></div></div>

281.

282. </div>

283.

284. </body>
285. </html>

12.schedule.css

1. body {
2. background:url('https://projectmgtcoach.com/wp-
content/uploads/2015/03/1ight-blue-backgrounds-for-websites.jpg');

3 width:100%;

4 height:100%;

5 background-position:center center;
6. background-size:cover;

7 z-index:0;

8. }

9. #menu{

10. width:100%;

11. font-size: 25px;

12.}

13. fieldset {

14. width: 100%;

15.}

16. #as1{

17. position:relative !important;
18. left:15px !important;
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19.}

20. #as2{

21. position:relative !important;

22. left:32px !important;

23.}

24. #as3{

25. width:50px !important;

26.}

27. .width {

28. position: center;

29.}

30. table {

31. width:100%;

32. margin-top:10px;

33.}

34. table th,td {

35. border: 1px solid black !important;
36. border-collapse: collapse;

37. text-align: center;

38.}

39. .radio{ /* for all the area */

40. max-width: 100%;

41. float: none;

42, list-style: none;

43, padding: 9;

44.}

45. .radio:after{

46. content: ' ';

47. display:table;

48. clear: both;

49.}

50.

51. .radio input[type=radio] { /* dont display radio buttons */
52 display: none;

53.}

54. .radio label { /* format of each button */
55. display: block;

56. float: left;

57. width: 14.285%;

58. color: #0O88FF;

59. font-size: 15px;

60. text-align: center;

61. line-height:3;

62. cursor:pointer;

63. box-shadow: inset © 4px #00O88FF;
64. border-bottom: 4px solid #@088FF;
65. transition: all @.5s;

66. }

67. .radio label:hover{ /* format when on cursor */
68. color:#b30000;

69. background-color: #0O88FF;

70.}

71. .tab-content{ /* format of the context inside area */
72. display: none;

73. width: 100%;

74. float: left;

75. text-align:center;

76. padding:15px;

77. background-color: #FFFFFF;
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78. margin-bottom:10px;

79.}

80. .radio [id~="tab"]:checked + label{ /* display the chlicked one */
81. background: #FFFFFF;

82.}

83. #monday:checked ~ #mon-content,
84. #tuesday:checked ~ #tue-content,
85. #iwednesday:checked ~ #wed-content,
86. #thursday:checked ~ #thu-content,
87. #friday:checked ~ #fri-content,
88. #saturday:checked ~ #sat-content,
89. #sunday:checked ~ #sun-content {

90. display: block;
91.}

92. fieldset{

93. text-align: justify;
94. }

95.

96. @media (max-width:978px){
97. .radio{ /* for all the area */

98. max-width: 100%;

99. float: none;

100. list-style: none;

101. padding: 0;

102. }

103. .radio:after{

104. content:'’';

105. display:table;

106. clear: both;

107. }

108.

109. .radio label { /* format of each button */
110. display: block;

111. float: left;

112. width: 14.285%;

113. color: #0O88FF;

114. font-size: 8px;

115. line-height:3;

116. text-indent:-15px;

117. clear:left

118. box-shadow: inset © 4px #0O88FF;
119. border-bottom: 4px solid #©O88FF;
120. transition: all @.5s;

121.  }

122. .tab-content{ /* format of the context inside area */
123. display: none;

124. width: 100%;

125. float: left;

126. text-align:center;

127. padding:5px;

128. background-color: #FFFFFF;

129. }

130. }

13.show_schedule.php

1. <?php
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2. //print the current data of the table

3. function show($day){

4. $conn = mysqli_connect("localhost", "project", "1111", "project");

5. $data = "SELECT * FROM "“$day” ORDER BY “From™";

6. $result = mysqli_query($conn,$data);

7. if (mysqli_num_rows($result) > 0) {

8. echo "<table id=\"table\">"; //show results into table"

O echo "<tr><th>" . From. "</th><th>" . To. "</th><th> " . Te
mperature. "</th></tr>";

10. while ($row = mysqli_fetch_array($result)){

11. echo "<tr><td>" . $row["From"]. "</td><td>" . $row["To"
1. "</td><td> " . $row["Temperature"]. "</td></tr>";

12. }

13. echo "</table>";

14. }else{

15. echo "No schedule";

16. }

17. mysqli_close($conn);

18. return;

19. }

20.

21.>

14.check insert.php

1. <?php

2. //first check is the data is valid (no overlaps)

3. function validate($day, $from, $to){

4 $status = 0;//default=overlap

5 $conn = mysqli_connect("localhost", "project", "1111", "project");

6. $data = "SELECT * FROM "$day’ ORDER BY “From ";

7. $result = mysqli_query($conn, $data);

8. if (!$result){ //error

9. echo "<script>alert('Data cannot be selected')</script>

B

10. }else{ //we got ok the data so we check

11. if (mysqli num_rows($result) > @) { //if we get a non-
empty table(data)

12. while ($row = mysqli fetch_array($result)){ //c
heck in every line for no overlaps

13. //no onerlap ONLY new_to<from or new_from>to

14. if (($from >= $row["To"]) || ($to <= $row["From"])){

15. $status = 1;

16. }else{ //overlap found so exit

17. $status = 0;

18. break;

19. }

20.

21. }else{$status = 1;}//0k

22. }

23. mysqli close($conn);

24. return $status;

25.  }

26. ?>
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15.graph24h.php

oOoNOUVTh WNBE

17.
18.

19.
20.
21.
22.
23.
24.
25.
26.
27.

28.
29.
30.
31.
32.

33.
34.

35.
36.

37.

38.
39.
40.
41.
42.

43.
44,

<IDOCTYPE html>

<html>

<head>

<meta charset="UTF-8">

<title>Raspberry Project</title>

<link rel="stylesheet" type="text/css" href="graph24h.css">

<meta name="viewport" content="width=device-width, initial-scale=1">
<link rel="stylesheet" href="http://maxcdn.bootstrapcdn.com/bootstrap/3
.3.6/css/bootstrap.min.css">

. <?php
11.
12.
13.
14.
15.
16.

//get the data from the rrd database (temperature)

$output = popen('python ./statistic24h.py', 'r');

$list = fgets($output);

$start = fgets($output);

fclose($output);

$data = explode(', ', $list); //making the list an array to be proc
essed

$start+=720; //resolution = 720

//get the specified field we need (last 24h time-
templerature) from the database

foreach ($data as $value) {

//for earch value in the table data do
if (trim($value) != "None" ) {
$mydata[ ]=$value;
}else{

$mydata[]="null"’;
}
}

$final = implode(" , ", $mydata); //implode a comma between all val
ues

//get the schedule from the sql server

$today = date("1");

$time = date("H:i:s"); //get schedule from today midnight to time(s
econd part)

$yesterday = date("1",strtotime("-1 days"));

$yest time = date("H:i:s",strtotime("-
24 hours")); //get schedule from yest time to midnight(first part)

//first part - starting the plot series

$conn = mysqli_connect("localhost", "project", "1111", "project");

$datal = "SELECT * FROM "$yesterday” WHERE “To >'$yest time' ORDER
BY “From™ ";
$result = mysqli_query($conn,$datal);
if (mysqli_num_rows($result) > 0) {
$numrows = 0;
while ($row = mysqli_fetch _array($result)){
$numrows = $numrows + 1; //check if we are at the first row
// +2hours for Greek timezone and -lday(schedule from previus day)
$temporaryl = (strtotime($row[0])+10800-86400)*1000;
//the first time the graph must start from $yest time
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45.
46.
47.

48.

49,
50.
51.

52.
53.
54.
55.

56.
57.
58.
59.

60.
61.
62.
63.
64.
65.
66.
67.
68.

69.
70.
71.
72.
73.
74.
75.
76.

77.

78.
79,
80.
81.
82.
83.
84.
85.

86.

87.
88.

89.
90.
91.
92.

if ($numrows == 1){

$i = (strtotime($yest_time)+10800-86400)*1000;
while ($i < $temporaryl){ //padding until first schedul
e time
$schedulel[] = "[$i,10]"; //default temperature is
10

$i = $i + 60000 ;

}else{ //all other times must check if the points are conti
nuous between rows
$i = $temporaryl;
$1 = $temporary2;
while ($1 < $temporaryl){ // while old end now start
$schedulel[] = "[$1,10]"; //default temperature is

10
$1 = $1 + 60000 ;
}
}
$temporary2 = (strtotime($row[1])+10800-
86400)*1000; // *1000 - highchart works with milisecs
//must made series to plot (multiple points)
while ($i<=$temporary2) {
$schedulel[] = "[$i,$row[2]]";
$i = $i + 60000; //60000msec = 1lmin
}

¥
}else{ //no schedule - padding with default
$i = (strtotime($yest time)+10800-86400)*1000;
$temporary2 = (strtotime($yest time)+10800-
72000)*1000; //random yesterday time
while ($i < $temporary2){
$schedulel[] = "[$i,10]";
$i = $1i + 60000;
}
}
mysqli close($conn);
//second part - graph until now
$conn = mysqli_connect("localhost", "project", "1111", "project");

$datal = "SELECT * FROM " $today™ WHERE “From <'$time' ORDER BY
“From™ ";

$result = mysqli_query($conn,$datal);

if (mysqli_num_rows($result) > 9) {

$totrows = mysqli_num_rows($result);

$numrows = 0;

while ($row = mysqli_fetch_array($result)){
$numrows = $numrows + 1; $k = 1;
// +2hours for Greek timezone

$temporary3 = (strtotime($row[0])+10800)*1000;

if ($numrows == 1){ //first time check if it is
continuous with previous series
while ($temporary2 < $temporary3){
$schedulel[] = "[$temporary2,10]"; //default temper
ature is 10
$temporary2 = $temporary2 + 60000 ;
}
}else{
while ($temporary4 < $temporary3){
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93. $schedulel[] = "[$temporary4,10]"; //default tempe
rature is 10

94. $temporary4 = $temporaryd + 60000 ;

95, }

9. }

97. $temporary4d = (strtotime($row[1])+10800)*1000; // *1000 -

highchart works with milisecs

98. //must make series to plot (multiple points)

99. if ($numrows == $totrows){ //the last time the graph must e
nd at $time if on schedule

100. $i = (strtotime($time)+10800)*1000;

101. if ($i < $temporary4d){

102. $temporaryd = (strtotime($time)+7200)*1000;

103. }else {

104. $k = 0;

105. }

106. }

107. $i = $temporary3;

108. while ($i<=$temporaryd) {

109. $schedulel[] = "[$i,$row[2]]";

110. $i = $i + 60000; //60000msec = 1min

111.

112. if ($k == 0){

113. $i = (strtotime($time)+10800)*1000;

114. while ($temporarysd < $i){

115. $schedulel[] = "[$temporaryd,10]";

116. $temporary4 = $temporary4 + 60000; //60000msec =

Imin

117. }

118. }

119. }

120. }else{ //no schedule - padding with default

121. $i = (strtotime($time)+10800)*1000;

122. while ($i > $temporary2){

123. $schedulel[] = "[$temporary2,10]";

124. $temporary2 = $temporary2 + 60000;

125. }

126.

127. }

128. mysqli close($conn);

129.

130.

131. //get the outside temperature from rrd daabase

132. $output = popen('python ./out_statistic24.py', 'r');

133. $list = fgets($output);

134. $start2 = fgets($output);

135. fclose($output);

136. $data2 = explode(', ', $list); //making the list an array t
0 be processed

137. $start2+=720; //resolution = 720

138. //get the specified field we need (last 24h time-
templerature) from the database

139. foreach ($data2 as $value) {

140. //for earch value in the table data do

141. if (trim($value) != "None" ) {

142. $mydata2[ ]=$value;

143. }else{

144. $mydata2[]="null’;

145. }
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146. }

147. $final2 = implode(" , ", $mydata2); //implode a comma betwe
en all values

148.

149.

150. ?>

151. <script type="text/javascript" src="https://ajax.googleapis

.com/ajax/libs/jquery/1.12.0/jquery.min.js"></script>
152. <script src="https://code.highcharts.com/highcharts.js"></script>
153. <script src="https://code.highcharts.com/modules/exporting.js"></sc

ript>

154.

155. <script type="text/javascript">

156. $(document).ready(function() {

157. var chart = new Highcharts.Chart({

158. chart: {

159. renderTo: 'container2',

160. zoomType: 'x',

161. backgroundColor: null

162. },

163. title: {

164. text: 'Temperature - Last 24 hours'

165. s

166. xAxis: {

167. type: 'datetime’,

168. maxZoom: 12* 600 * 1000

169. },

170. yAxis: {

171. title: {

172. text: 'Celsius’

173. }

174. },

175. series: [{

176. name: ‘'Living Room Temperature',

177. color: '#0000CC’,

178. data: [<?php echo $final; ?>],

179. pointStart: (<?php echo $start;?>+1
0800 )*1000,

180. pointInterval: 720*1000 //interval
between time = 12min

181. 3,4

182. name: 'Schedule’,

183. color: '#006600"',

184. data: [<?php echo join($schedulel, ',') ?>]

185. 3,4

186. name: 'Outside Temperature',

187. color: '#ff3300°',

188. data: [<?php echo $final2; ?>],

189. pointStart: (<?php echo $start2; ?>+10800)*1000,

190. pointInterval:720*1000

191. }]

192. });

193. DE

194. </script>
195. </head>
196. <body>

197.
198. <nav class="navbar navbar-default" id="menu">
199. <div class="container-fluid">
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200. <div class="navbar-header">

201. <a class="navbar-
brand">Smart Thermostat</a>

202. </div>

203. <ul class="nav navbar-nav">

204. <li><a href="main.php">Main Page</a><li>

205. <li><a href="schedule.php">Schedule</a><1i>

206. <1i class="active"><a href="graph24
h.php">Statistics</a></1i>

207. </ul>

208. </div>

209. </nav>

210.

211. <div class="container">

212. <div class="row">

213. <div class="col-xs-12">

214. <div id="container2"></div>

215. </div>

216. </div>

217. </div>

218. </body>
219. </html>

16.graph24h.css

1. #container2 {

2 width:90%;

3. float:left;

4, padding:10px;

5.}

6. body {

7 background:url('https://projectmgtcoach.com/wp-
content/uploads/2015/03/1ight-blue-backgrounds-for-websites.jpg');

8. width:100%;

9. height:100%;

10. background-position:center center;
11. background-size:cover;

12. z-index:0;

13.}%

14. #menuq{

15. width:100%;

16. font-size: 25px;

17.}

17.statistic24h.py

#!/usr/bin/python

import rrdtool

ret = rrdtool.fetch('/home/pi/Desktop/temperature.rrd', 'AVERAGE', '--
start', 'now-24h')

time = rrdtool.first

max = ret[2]

list = []

for temp in max:

A WNBR

[c< B NN RNV,
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1e.

11
12
13
14

n = temp[0]

list.append(n) #list with all the temperatures
.print str(list)[1:-5] #the last one is a None
.time = ret[0@] #get the start

.timestamp = time[0]

. print timestamp

18.out_statistic24.py

A wWNPR

#!/usr/bin/python

import rrdtool
ret = rrdtool.fetch('/home/pi/Desktop/out_temperature.rrd', 'AVERAGE', '
--start', 'now-24h")
time = rrdtool.first
max = ret[2]
list = []
for temp in max:
n = temp[0]
list.append(n) #list with all the temperatures
.print str(list)[1:-5] #the last one is a None
.time = ret[@] #get the start
.timestamp = time[0]
. print timestamp

19.graph week.php

ONOUVTDS WNBR

1e.

<!DOCTYPE html>

<html>

<head>

<meta charset="UTF-8">

<title>Raspberry Project</title>

<link rel="stylesheet" type="text/css" href="graph_week.css">

<meta name="viewport" content="width=device-width, initial-scale=1">
<link rel="stylesheet" href="http://maxcdn.bootstrapcdn.com/bootstrap/3
.3.6/css/bootstrap.min.css">

<script src="https://ajax.googleapis.com/ajax/libs/jquery/1.12.2/jquery
.min.js"></script>

<script src="http://maxcdn.bootstrapcdn.com/bootstrap/3.3.6/js/bootstra
p.min.js"></script>

11.

12.
13.
14.
15.
16.
17.
18.

19.
20.

21.
22.
23.

<?php

//get the data from the rrd database (temperature)

$output = popen('python ./statistic week.py', 'r');

$list = fgets($output);

$start = fgets($output);

fclose($output);

$data = explode(', ', $list); //making the list an array to be proc
essed

$start+=720; //resolution = 720

//get the specified field we need (last 24h time-
templerature) from the database

foreach ($data as $value) {

//for earch value in the table data do

if (trim($value) != "None" ) {
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24.

25.
26.
27.
28.
29.
30.

31.
32.
33.
34.
35.
36.
37.
38.

39.
40.

41.
42.
43,
44,

45,
46.
47.
48.
49,
50.

51.
52.
53.
54.

55.
56.

57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.

$value = number_format($value,1,'.',',"');//show only one de
cimal
$mydata[ ]=$value;
}else{
$mydata[]="null’;
}
$final = implode(" , ", $mydata); //implode a comma between all val
ues
//get the outside temperature from rrd daabase
$output = popen('python ./out_statistic_week.py', 'r');
$list = fgets($output);
$start2 = fgets($output);
fclose($output);
$data2 = explode(', ', $list); //making the list an array to be
processed
$start2+=720; //resolution = 720
//get the specified field we need (last 24h time-

templerature) from the database
foreach ($data2 as $value) {
//for earch value in the table data do
if (trim($value) != "None" ) {
$value = number_format($value,1,'.',',"');//show only one de
cimal
$mydata2[ ]=$value;
}else{
$mydata2[]="null’;
}
}
$final2 = implode(" , ", $mydata2); //implode a comma between a
11 values

?>

<script type="text/javascript" src="https://ajax.googleapis.com
/ajax/libs/jquery/1.12.0/jquery.min.js"></script>
<script src="https://code.highcharts.com/highcharts.js"></script>
<script src="https://code.highcharts.com/modules/exporting.js"></script
>

<script type="text/javascript">
$(document).ready(function() {
var chart = new Highcharts.Chart({
chart: {

renderTo: 'container2',
zoomType: 'x',
backgroundColor: null
s
title: {
text: 'Temperature - Last week'
s
xAxis: {
type: 'datetime’,
maxZoom: 12* 600 * 1000
s
yAxis: {

title: {
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75. text: 'Celsius'

76. }

77. },

78. series: [{

79. name: 'Living Room Temperature’,

80. color: '#0000cCC',

81. data: [<?php echo $final; ?>],

82. pointStart: (<?php echo $start;?>+10800 )*1000,

83. pointInterval: 720*1000*3 //interval between time = 12
min

84. b o

85. name: 'Outside Temperature',

86. color: '#ff3300',

87. data: [<?php echo $final2; ?>],

88. pointStart: (<?php echo $start2; ?>+10800)*1000,

89. pointInterval:720*1000*3

90. }H

91. 1)

92. 1)

93.</script>

94. </head>

95. <body>

96.

97. <nav class="navbar navbar-default" id="menu">

98. <div class="container-fluid">

99. <div class="navbar-header">

100. <a class="navbar-brand">Smart Thermostat</a>

101. </div>

102. <ul class="nav navbar-nav">

103. <li><a href="main.php">Main Page</a><1li>

104. <li><a href="schedule.php">Schedule</a><1i>

105. <1i class="dropdown">

106. <a class="dropdown-toggle" data-
toggle="dropdown" >Statistics

107. <span class="caret"></span></a>

108. <ul class="dropdown-menu">

109. <li><a href="graph24h.php">Day</a></1i>

110. <li class="active"><a href="graph_week.php">Week</a><
/1i>

111. </ul>

112. </1i>

113. </ul>

114. </div>

115. </nav>

116. <div class="container">

117. <div class="row">

118. <div class="col-xs-12">

119. <div id="container2"></div>

120. </div>

121. </div>

122. </div>

123. </body>
124. </html>

20.graph _week.css

1. #container2 {
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NouphwnN

1e.
11.
12.
13.

14

15.
16.
17.

width:90%;
float:left;
padding:1@px;
}
body {
background:url('https://projectmgtcoach.com/wp-

content/uploads/2015/03/1ight-blue-backgrounds-for-websites.jpg');

width:100%;
height:100%;

background-position:center center;
background-size:cover;
z-index:0;

}

. #menu{

width:100%;
font-size: 25px;

}

21.statistic week.py

P wWNPR

#!/usr/bin/python

import rrdtool

ret = rrdtool.fetch('/home/pi/Desktop/temperature.rrd’, 'AVERAGE',

start', 'now-7d')
time = rrdtool.first
max = ret[2]
list = []
for temp in max:
n = temp[0]
list.append(n) #list with all the temperatures
.print str(list)[1:-5] #the last one is a None
.time = ret[@] #get the start
.timestamp = time[0]
.print timestamp

22.out_statistic week.py

A wWNBR

#!/usr/bin/python

import rrdtool

ret = rrdtool.fetch('/home/pi/Desktop/out_temperature.rrd', 'AVERAGE', '

--start', 'now-7d')
time = rrdtool.first
max = ret[2]
list = []
for temp in max:
n = temp[0]
list.append(n) #list with all the temperatures

.print str(list)[1:-5] #the last one is a None
.time = ret[@] #get the start

.timestamp = time[0]

.print timestamp
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23.Ti_on-off delay.py

#!/usr/bin/python

1
2
3. import math

4. import matplotlib.pyplot as plt
5. dimport numpy as np

6. import time

7. from scipy.integrate import quad
8

9. Ci = 2.07 *60.0 #kWmin/oC
10.Ria = 5.29 #0C/kW
11.A = -1/(Ria*Ci)

12.B1 = 1/(Ria*Ci)
13.B2 = 1/Ci
14.

15.Ta = [0.0]

16. Twant = 20.0 #celsius

17.Ti = [15]

18. AC = [@] #at start ac was off
19.error = []

20. error.append( Twant - Ti[@])

21.Fh = []

22.Fh.append( 5 - (5*Ta[@]/Twant)) #kW

23.

24.S = (A*A)/2

25.F =1 +A + S

26.

27.k1 = lambda r: (1 + (A*r) + (S*r*r))*Bl
28.k2 = lambda r: (1 + (A*r) + (S*r*r))*B2

29.

30.C1 = quad(ki,0,1)

31.C2 = quad(k2,0,1)

32

33.t = [0]

34.for i in range (1,1001):

35. t.append(i) #t=1,2,3,..,1000min!!

36. if (i % 10) == 1 or i==1:

37. if error[i-1] > 1: #Twant>Ti+1l then open ac
38. AC.append(Twant)

39. Fh.append( 5 - (5*Ta[@]/Twant))
40.

41. elif error[i-1] < 1 and error[i-1] > -1:
42. old = AC[i-1]

43, AC.append(old)

44. old = Fh[i-1]

45, Fh.append(old)

46.

47. else: #close ac

48. AC.append(9)

49, Fh.append(9)

50.

51. Ti.append((F*Ti[i-1]) + (C1[@]*Ta[i-1]) + (C2[@]*Fh[i-1]))
52. error.append( Twant - Ti[i]) #new error
53. if il=1 and ((i % 10) != 1):
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54. old = AC[i-1]

55. AC.append(old)
56. old = Fh[i-1]
57. Fh.append(old)
58. old = Ta[i-1] #to be able to plot outside temp
59. Ta.append(old)

60.

61. time=[]

62. for x in t:

63. time.append(x/60.0)
64.

65. #plot

66.1c = plt.plot(time,Ti, 'b-',label = "Inside Temperature")
67.1la = plt.plot(time,error,'r-', label= "Error")
68.1b = plt.step(time,AC,'g-"', label="AirConditioner")
69.1d = plt.plot(time,Ta, 'm-', label="Outside Temperature")
70.1f = plt.step(time,Fh,'y-"',label="Power")
71.11 = plt.title('ON-OFF (Ti model)")
72.1x = plt.xlabel('Time(h)")
73.1ly = plt.ylabel('Temperature(Celsius)"')
74. plt.legend(loc=3, bbox_to_anchor = (0, -

0.3, 1., 1.102),mode="expand",ncol=2)
75. plt.savefig('./Ti_ON-OFF_delay.png',bbox_inches="tight")
76. plt.show()

24.Ti_pid.py

1. #!/usr/bin/python

2o

3. import math

4. import matplotlib.pyplot as plt
5. import numpy as np

6. import time

7. import datetime

8. from scipy.integrate import quad

(o}

10. #isimulation of pid controller
11. def update(kp,ki,kd,period,windup):

12. #tconstants of model
13. Ta = [0.0]

14. Twant = 20.0 #celsius
15. Ti = [15]

16. Fh = []

17. Fh.append(5 - (5*Ta[@]/Twant)) #kW
18. Ci = 2.07*60

19. Ria = 5.29

20. AC = [0]

21. A = -1.0/(Ria*Ci)

22. Bl = 1.0/(Ria*Ci)

23. B2 = 1/Ci

24. w = Twant

25. x = Ti[e@]

26. t = [0]

27. error = []

28. error.append(9)

29.

30. S = (A*A)/2
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31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43,
44,
45,
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.

88.

1])

F:

k1
k2
1
c2

last
Iy =
peri
#cal
for

1+A+S

lambda r: (1 + (A*r) + (S*r*r))*Bl
lambda r: (1 + (A*r) + (S*r*r))*B2
quad(ki,0,1)
quad(k2,0,1)

0

_error
0
od_min = period / 60
culate the y ratio for this 1@min period
i in range(1,81):
x = Ti [(i*18) -9 -1]
e =w - x # error
de = e - last_error
dt = 600 #sec
if dt >=period :
if e>-2 and e<2:
Py = (kp * e) + 0.5
dt = dt / 60 #dt must be in minutes
Iy += e*dt
if Iy < -windup:
Iy = -windup
elif Iy > windup:
Iy = windup
Iy = Iy * ki
if dt > 0 :
Dy = (de / dt) * kd
y = Py + Iy + Dy
ify > 1:
y =1
elif y < @:
=0
elif e>=
y:
else:
y =0
last_error = e

Ll S

#sleep for 10min until next evaluation

timeON = y*period min #for period min - timeON = timeO$
timeON = round(timeON)

if timeON<=3:

timeON = @
elif timeON>=7:
timeON = 10

timeON = int(timeON)
timeOFF = int(period_min - timeON)

if timeON!=0:
for 1 in range(1,timeON+1):
k = (i*10) -9 +1 -1
Fh.append(5 - (5*Ta[k-1]/Twant))
AC.append(Twant)
old = Ta[k-1]
Ta.append(old)

tempera = (F*Ti[k-1]) + (C1[@]*Ta[k-1]) + (C2[@]*Fh[k-

Ti.append( tempera)
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89. t.append(k)

90. error.append(Twant-tempera)

91.

92. if timeOFF!=0:

93. for 1 in range(1,timeOFF+1):

94. k = (i*10) - 9 + 1 -1 + timeON

95. Fh.append(0)

96. AC.append(9)

97. old = Ta[k-1]

98. Ta.append(old)

99. tempera = (F*Ti[k-1]) + (C1[@]*Ta[k-1]) + (C2[@]*Fh[k-
1]

100. Ti.append( tempera)

101. t.append(k)

102. error.append(Twant - tempera)

103.

104. time = []

105. Tout =[]

106. for k in t:

107. time.append(k/60.0)

108. lc = plt.plot(time,Ti, ' 'b-',label = "Inside Temperature")

109. 1b = plt.step(time,AC, " 'g-"', label="AirConditioner")
110. la = plt.plot(time,Ta, 'm-',label="0utside Temperature")
111. 1d = plt.plot(time,error,'r-"',label="Error")
112. 1f = plt.step(time,Fh,'y-",label="Power")
113. 11 = plt.title('PID (Ti model)"')
114. 1x = plt.xlabel('Time(h)")
115. ly = plt.ylabel('Temperature(Celsius)"')
116. plt.legend(loc=3, bbox_to_anchor = (0, -
0.3, 1., 1.102),mode="expand",ncol=2)
117. plt.savefig('./Ti_pid.png',bbox_inches="tight")
118. plt.show()
119. return y
120.
121. #set parameters

122. kp = ©.25 #Xp = 4 bathmoi

123. period = 600 # 10 minutes

124. #Tu = 4minutes

125. ki = @.2#(2 * kp) / 4 #0.125

126. period_minu = period / 60 #in minutes
127. kd = 0.05#period_minu / 8.0 # 0.25
128. windup = 20.0

129.  list = []

130.

131. y = update(kp,ki,kd,period,windup)

25. TiTh _on-off delay.py

#!/usr/bin/python

import math

import matplotlib.pyplot as plt
import numpy as np

import time

from scipy.integrate import quad

VLCoOoONOTUVTDE,WNER

Ci = 1.36 *60.0 #kWmin/oC
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1e.
11.

12

13.
14.
15.
16.
17.
18.
19.

20

21.
22.
23.
24.
25.
26.
27.

28

35.
36.
37.

38.
39.
40.
41.
42.
43.
44,
.for i in range (1,1001):
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.

45

62.

Ria = 5.31 #oC/kW

Ch = 0.309 *60.0
.Rih = 0.639

Al = -1.0/(Rih*Ch)

A2 = 1.0/(Rih*Ch)

A3 = 1.0/(Rih*Ci)

A4 = (-Rih-Ria)/(Ria*Rih*Ci)

A = np.array([[A1l, A2], [A3, A4]])

B = np.array([[0.0, 1/Ch], [(1/(Ria*Ci)), @.0]])
.Ta = [0.0]

Twant = 20.0 #celsius

Ti = [15]

Th = [15] #temperature of the heaters
AC = [0@] #at start ac was off

error = []

error.append( Twant - Ti[@])
Fh = []

.Fh.append( 5 - (5*Ta[@]/Twant) ) #kW
29.
30.
31.
32.
33.
34.

I= np.array([[l, o], [o, 1]])

S = (np.dot(A,A))/2

F=I+A+S

ki = lambda r: (I[0,1] + np.dot(A[©,1],r) + np.dot(S[@,1],r**2))*B[1,0]
k2 = lambda r: (I[0,0] + np.dot(A[0,0],r) + np.dot(S[@,0],r**2))*B[0,1]
k3 = lambda r: (I[1,1] + np.dot(A[1,1],r) + np.dot(S[1,1],r**2))*B[1,0]
k4 = lambda r: (I[1,0] + np.dot(A[1,0],r) + np.dot(S[1,0],r**2))*B[0,1]
C1 = quad(ki,e,1)

C2 = quad(k2,0,1)

C3 = quad(k3,0,1)

C4 = quad(k4,0,1) #integration from © to 1min (exp(A*r)*B ) dr

C = np.array([[C1[@], C2[0]],[C3[0], c4[e]]])

t = [0]

t.append(i) #t=1,2,3,..,1000min!!!
if i==1 or (i % 10) == 1:
if error[i-1] > 1: #Twant>Ti then open ac
Fh.append( 5 - (5*Ta[i-1]/Twant)) #kW
AC.append(Twant)

elif error[i-1] < 1 and error[i-1] > -1:
old = AC[i-1]
AC.append(old)
old = Fh[i-1]
Fh.append(old)
else: #close ac
Fh.append(9)
AC.append(9)

Ti.append((F[1,0]*Th[i-1]) + (F[1,1]*Ti[i-1]) + (C[1,0]*Ta[i-

1]) + (C[1,1]*Fh[i-1]) ) #solution to the d.e

Th.append((F[0,0]*Th[i-1]) + (F[@,1]*Ti[i-1]) + (C[@,0]*Tal[i-

1]) + (C[e,1]*Fh[i-1]) )
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63.
64.
65.
66.
67.
68.
69.
70.
71.
72.

73

74.
75.
76.

77

78.
79.
80.

81

82.
83.
84.
85.
86.

87.
88.

,label = "Inside Temperature")

, label="AirConditioner")

', label="Outside Temperature")

error.append( Twant - Ti[i]) #new error
if il=1 and ((i % 10) != 1):
old = AC[i-1]
AC.append(old)
old = Fh[i-1]
Fh.append(old)
old = Ta[i-1] #to be able to plot outside temp
Ta.append(old)
time=[]
.for x in t:
time.append(x/60.0)
#plot
.1lc = plt.plot(time,Ti, 'b-"
la = plt.plot(time,error,'r-', label= "Error")
1b = plt.step(time,AC, 'g-'
1d = plt.plot(time,Ta, 'm-
.1f = plt.plot(time,Fh,'y-",label="Power")
lg = plt.plot(time,Th, 'k-', label = "Heaters Teperature")
11 = plt.title('ON-OFF (TiTh model)")
1x = plt.xlabel('Time(h)")
ly = plt.ylabel('Temperature(Celsius)"')
plt.legend(loc=3, bbox_to_anchor = (0, -

0.3, 1., 1.102),mode="expand",ncol=2)

plt.savefig('./TiTh_ON-OFF_delay.png',bbox_inches="tight")

plt.show()

26. TiTh pid.py

VLCOoONOUVTD WNER

[EFRIR
NP ® -

MNNNMNNNNNNRRRRERRRR
NOUBWNRPROWOWOWLONO UMW

#!/usr/bin/python

import math

import matplotlib.pyplot as plt
import numpy as np

import time

import datetime

from scipy.integrate import quad

. #simulation of pid controller
. def update(kp,ki,kd,period,windup):

#constants of model

Ta = [0.0]

Twant = 20.0 #celsius

Ti = [15]

Th = [15]

Fh =[]

Fh.append( 5 - (5*Ta[@]/Twant)) #kW
Ci = 1.36*%60
Ria = 5.31

Ch
Rih
Al
A2
A3
A4 =
A =

0.309 *60.0
= 0.639

-1.0/(Rih*Ch)

1.0/ (Rih*Ch)

1.0/ (Rih*Ci)
(-Rih-Ria)/(Ria*Rih*Ci)
np.array([[Al, A2], [A3, A4]])
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28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

42.

43,

44.

45,
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.

B

np.array([[0.0, 1/Ch], [(1/(Ria*Ci)), @.0]])

AC = [0]

]
X
t

Twant
Ti[o]
[e]

error = []
error.append(0)

I
S
E

k1
1,0]
k2
0,1]
k3
1,0]
k4
0,1]
c1
c2
3
ca
C

last_error

np.array([[1, @], [0, 1]])
(np.dot(A,A))/2
I +A+S

lambda r: (I[0,1]

-+

lambda r: (I[0,0]

-+

lambda r:

-+

(I[1,1]

lambda r: (I[1,0]

-+

quad(ki,0,1)
quad(k2,0,1)
quad(k3,0,1)

np.dot(A[@,1],r)
np.dot(A[@,0],r)
np.dot(A[1,1],r)

np.dot(A[1,0],r)

-+

-+

-+

-+

np.dot(S[@,1],r**2))*B[
np.dot(S[0,0],r**2))*B[
np.dot(S[1,1],r**2))*B[

np.dot(S[1,0],r**2))*B[

= quad(k4,0,1) #integration from © to 1min (exp(A*r)*B ) dr
np.array([[C1[e], C2[e]],[C3[e], C4[e]]])

0

Iy = 0
period_min = period / 60

#calculate

for i in range(1,81):

x = Ti [(i*10) -9 -1]
e =w - X # error
de = e - last_error
dt = 600 #sec
if dt >=period :
if e>-2 and e<2:
Py

(kp * e) + 0.5

the y ratio for this 1@min period

dt = dt / 60 #dt must be in minutes

Iy += e*dt

if Iy < -windup:
Iy = -windup

elif Iy > windup:
Iy = windup

Iy = Iy * ki

if dt > 0 :

Dy
y = Py
ify>

y =1
elif y < o:
=0

Iy + Dy

=+ 1

elif e>=
y:
else:
y =0
last_error = e

Ll \ SIS

(de / dt) * kd
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83. #sleep for 10min until next evaluation

84. timeON = y*period_min #for period_min - timeON = timeO$

85. timeON = round(timeON)

86. if timeON<=3:

87. timeON = ©

88. elif timeON>=7:

89. timeON = 10

90. timeON = int(timeON)

91. timeOFF = int(period_min - timeON)

92.

93. if timeON!=0:

94. for 1 in range(1,timeON+1):

95, k = (i*10) - 9 +1 -1

96. Fh.append( 5 - (5*Ta[k -1]/Twant))

97. AC.append(Twant)

98. old = Ta[k -1]

99. Ta.append(old)

100. tempera = (F[1,0]*Th[k-1]) + (F[1,1]*Ti[k-
1]) + (C[1,0]*Ta[k-1]) + (C[1,1]*Fh[k-1])

101. Ti.append( tempera)

102. Th.append((F[0,0]*Th[k-1]) + (F[@,1]*Ti[k-
1]) + (C[0,0]*Ta[k-1]) + (C[@,1]*Fh[k-1]) )

103. t.append(k)

104. error.append(Twant-tempera)

105. if timeOFF!=0:

106. for 1 in range(1,timeOFF+1):

107. k = (i*10) - 9 + 1 -1 + timeON

108. Fh.append(0)

109. AC.append(0)

110. old = Ta[k-1]

111. Ta.append(old)

112. tempera = (F[1,0]*Th[k-1]) + (F[1,1]*Ti[k-
1]) + (C[1,0]*Ta[k-1]) + (C[1,1]*Fh[k-1])

113. Ti.append( tempera)

114. Th.append((F[0,0]1*Th[k-1]) + (F[@,1]*Ti[k-
1]) + (C[0,0]*Ta[k-1]) + (C[O©,1]*Fh[k-1]) )

115. t.append(k)

116. error.append(Twant - tempera)

117. time = []

118. for k in t:

119. time.append(k/60.0)

120.

121. #plot

122. lc = plt.plot(time,Ti, 'b-',label = "Inside Temperature")

123. lb = plt.step(time,AC, 'g-', label="AirConditioner")

124. la = plt.plot(time,Ta, 'm-',label="0utside Temperature")

125. 1d = plt.plot(time,error, 'r-',label="Error")

126. 1f = plt.plot(time,Fh,'y-",1label="Power")

127. lg = plt.plot(time,Th, 'k-',label="Heaters Temperature")

128. 11 = plt.title('PID (TiTh model)")

129. 1x = plt.xlabel('Time(h)")

130. ly = plt.ylabel( ' Temperature(Celsius)')

131. plt.legend(loc=3, bbox_to_anchor = (0, -
0.3, 1., 1.102),mode="expand",ncol=2)

132. plt.savefig('./TiTh_pid.png',bbox_inches="tight")

133. plt.show()

134. return y

135.

136. #set parameters
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137.
138.
139.
140.
141.
142.
143.
144.

kp = ©.25 #Xp = 4 bathmoi

period = 600 # 10 minutes

#Tu = 4minutes

ki = @.2#(2 * kp) / 4 #0.125
period_minu = period / 60 #in minutes
kd = 0.05#period_minu / 8.0 # 0.25
windup = 20.0
list = []

145.

146.

y = update(kp,ki,kd,period,windup)

27. TiTeTh_on-off delay.py

VoONOAUVTD WN R

A
.B

.1
.S
.F

#!/usr/bin/python

import math

import matplotlib.pyplot as plt
import numpy as np

import time

from scipy.integrate import quad

Ci = 1.07 *60.0 #kWmin/oC

.Ch = 0.00139 *60.0

.Ce = 2.92 * 60.0

.Rih = 93.4

.Rie = 0.863

.Rea = 4.54

.Al = (-Rie-Rea)/(Rie*Rea*Ce)

.A2 = 0.0

.A3 = 1.0/(Rie*Ce)

.A4 = 0.0

.A5 = -1.0/(Rih*Ch)

.A6 = 1.0/(Rih*Ch)

A7 = 1.0/(Rie*Ci)

.A8 = 1.0/(Rih*Ci)

.A9 = (-Rih-Rie)/(Rie*Rih*Ci)
= np.array([[Al, A2, A3], [A4, A5, A6], [A7, A8, A9]])
= np.array([[1.0/(Rea*Ce), ©.0], [0.0, 1.0/Ch], [0.0, ©.0]])

.Ta = [0.0]

.Twant = 20.0 #celsius

.Ti = [15]

.Th = [15] #temperature of the heaters

.Te = [15] #temperature of the envelop

.AC = [@] #at start ac was off

.error = []

.error.append( Twant - Ti[®@])

.Fh = []

.Fh.append( 5 - (5*Ta[@]/Twant) ) #kW
= np.array([[1, @, @], [0, 1, @], [e, @, 1]])
= (np.dot(A,A))/2
=I +A+S

. k1 = lambda r: (I[0,0] + np.dot(A[@,0],r) + np.dot(S[0,0],r**2))*B[0,0]
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43.

44,

45.

46.

47.

48

49,
50.
51.

52

53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.

75.

76.

77.
78.
79.
80.
81.
82.
83.
84.
85.

86

87.
88.
89.
. #plot
91.
92.
93.

90

time.append(x/60.0)

lc = plt.plot(time,Ti, 'b-"',1label = "Inside Temperature")

la
1b

plt.plot(time,error, 'r-', label= "Error")
plt.step(time,AC, 'g-', label="AirConditioner")

k2 = lambda r: (I[0,1] + np.dot(A[©,1],r) + np.dot(S[0,1],r**2))*B[1,1]
k3 = lambda r: (I[1,0] + np.dot(A[1,0],r) + np.dot(S[1,0],r**2))*B[0,0]
k4 = lambda r: (I[1,1] + np.dot(A[1,1],r) + np.dot(S[1,1],r**2))*B[1,1]
k5 = lambda r: (I[2,0] + np.dot(A[2,0],r) + np.dot(S[2,0],r**2))*B[0,0]
k6 = lambda r: (I[2,1] + np.dot(A[2,1],r) + np.dot(S[2,1],r**2))*B[1,1]
.Cl1 = quad(ki,e,1)
C2 = quad(k2,0,1)
C3 = quad(k3,0,1)
C4 = quad(k4,0,1) #integration from © to 1min (exp(A*r)*B ) dr
.C5 = quad(k5,0,1)
C6 = quad(k6,0,1)
C = np.array([[C1[0], C2[0]],[C3[0], C4[e]], [C5[e], C6[0]]])
t = [0]
for i in range (1,1001):
t.append(i) #t=1,2,3,..,1000min!!!
if i==1 or (i % 10)==1:
if error[i-1] > 1: #Twant>Ti then open ac
Fh.append( 5 - (5*Ta[i-1]/Twant)) #kW
AC.append(Twant)
elif error[i-1] < 1 and error[i-1] > -1:
old = AC[i-1]
AC.append(old)
old = Fh[i-1]
Fh.append(old)
else: #close ac
Fh.append(0)
AC.append(9)
Te.append((F[0,0]*Te[i-1]) + (F[@,1]*Th[i-1]) + (F[0,2]*Ti[i-
1]) + (C[0,0]*Ta[i-1]) + (C[O@,1]*Fh[i-1])) #solution to the d.e
Th.append((F[1,0]*Te[i-1]) + (F[1,1]*Th[i-1]) + (F[1,2]*Ti[i-
1]) + (C[1,0]*Ta[i-1]) + (C[1,1]*Fh[i-1]))
Ti.append((F[2,0]*Te[i-1]) + (F[2,1]*Th[i-1]) + (F[2,2]*Ti[i-
1]) + (C[2,0]*Ta[i-1]) + (C[2,1]*Fh[i-1]))
error.append( Twant - Ti[i]) #new error
if il=1 and ((i % 10) != 1):
old = AC[i-1]
AC.append(old)
old = Fh[i-1]
Fh.append(old)
old = Ta[i-1] #to be able to plot outside temp
Ta.append(old)
.time=[]
for x in t:
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94.1d = plt.plot(time,Ta, 'm-', label="Outside Temperature™)
95.1f = plt.plot(time,Fh,'y-",label="Power")
96. #1g = plt.plot(time,Th,'k-', label = "Heaters Temperature")

97.1ls = plt.plot(time,Te,'c-', label = "Envelop Temperature")
98.11 = plt.title('ON-OFF (TiTeTh model)")
99. 1x = plt.xlabel('Time(h)")

100. ly = plt.ylabel('Temperature(Celsius)")
101. plt.legend(loc=3, bbox_to_anchor = (0, -
0.3, 1., 1.102),mode="expand",ncol=2)
102. plt.savefig('./TiTeTh_ON-OFF_delay.png',bbox_inches="tight")
103. plt.show()

28. TiTeTh pid.py

#!/usr/bin/python

import math

import matplotlib.pyplot as plt
import numpy as np

import time

import datetime

from scipy.integrate import quad

VCoOoNOTUTDE WNBR

10. #simulation of pid controller
11. def update(kp,ki,kd,period,windup):

12. #tconstants of model

13. Ta = [0.0]

14. Twant = 20.0 #celsius

15. Ti = [15]

16. Th = [15]

17. Te = [15]

18. Fh = []

19. Fh.append( 5 - (5*Ta[@]/Twant)) #kW
20. Ci = 1.07*60

21. Ch = 0.00139 *60.0

22. Ce = 2.92 * 60.0

23. Rih = 93.4

24, Rie = 0.863

25. Rea = 4.54

26. Al = (-Rie-Rea)/(Rie*Rea*Ce)
27. A2 = 0.0

28. A3 = 1.0/(Rie*Ce)

29. A4 = 0.0

30. A5 = -1.0/(Rih*Ch)

31. A6 = 1.0/ (Rih*Ch)

32. A7 = 1.0/ (Rie*Ci)

33. A8 = 1.0/ (Rih*Ci)

34, A9 = (-Rih-Rie)/(Rie*Rih*Ci)
35. A = np.array([[Al, A2, A3], [A4, A5, A6], [A7, A8, A9]])
36. B = np.array([[1.0/(Rea*Ce), ©.0], [0.0, 1.0/Ch], [0.0, 0.0]])
37.

38. AC = [0]

39. w = Twant

40. x = Ti[e@]

41. t = [0]

42, error = []

43, error.append(@)
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44,
45.
46.
47.
48.
49.

50.

51.

52.

53.

54.

55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.

I = np.array([[1, o, @], [0, 1, 0], [0, 0, 1]])
S = (np.dot(A,A))/2
F=I+A+S
ki1 = lambda r: (I[0,0] + np.dot(A[©,0],r) + np.dot(S[0,0],r**2))*B[
0,0]
k2 = lambda r: (I[0,1] + np.dot(A[@©,1],r) + np.dot(S[0,1],r**2))*B[
1,1]
k3 = lambda r: (I[1,0] + np.dot(A[1,0],r) + np.dot(S[1,0],r**2))*B[
0,0]
k4 = lambda r: (I[1,1] + np.dot(A[1,1],r) + np.dot(S[1,1],r**2))*B[
1,1]
k5 = lambda r: (I[2,0] + np.dot(A[2,0],r) + np.dot(S[2,0],r**2))*B[
0,0]
k6 = lambda r: (I[2,1] + np.dot(A[2,1],r) + np.dot(S[2,1],r**2))*B[
1,1]
C1 = quad(ki,e,1)
C2 = quad(k2,0,1)
C3 = quad(k3,0,1)
C4 = quad(k4,0,1) #integration from © to 1min (exp(A*r)*B ) dr
C5 = quad(k5,0,1)
C6 = quad(ke6,0,1)
C = np.array([[C1[@], C2[0]],[C3[0], C4[e]], [C5[e], C6[0]]])
last_error = 0
Iy = 0
period_min = period / 60
#tcalculate the y ratio for this 1@min period
for i in range(1,81):
x = Ti [(i*10) -9 -1]
e =w - X # error
de = e - last_error
dt = 600 #sec
if dt >=period :
if e>-2 and e<2:
Py = (kp * e) + 0.5
dt = dt / 60 #dt must be in minutes
Iy += e*dt
if Iy < -windup:
Iy = -windup
elif Iy > windup:
Iy = windup
Iy = Iy * ki
if dt > 0 :
Dy = (de / dt) * kd
y = Py + Iy + Dy
ify > 1:
y =1
elif y < @:
y =0
elif e>=2:
y =1
else:
y =0
last_error = e
#sleep for 10min until next evaluation
timeON = y*period min #for period min - timeON = timeO$
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97. timeON = round(timeON)

98. if timeON<=3:

99. timeON = ©

100. elif timeON>=7:

101. timeON = 10

102. timeON = int(timeON)

103. timeOFF = int(period_min - timeON)

104.

105. if timeON!=0:

106. for 1 in range(1,timeON+1):

107. k = (i*10) - 9 +1 -1

108. Fh.append( 5 - (5*Ta[k -1]/Twant))

109. AC.append(Twant)

110. old = Ta[k -1]

111. Ta.append(old)

112. Te.append((F[0,0]*Te[k-1]) + (F[@,1]*Th[k-
1]) + (F[0,2]*Ti[k-1]) + (C[@,0]*Ta[k-1]) + (C[@,1]*Fh[k-1]))

113. Th.append((F[1,0]*Te[k-1]) + (F[1,1]*Th[k-
1]) + (F[1,2]*Ti[k-1]) + (C[1,0]*Ta[k-1]) + (C[1,1]*Fh[k-1]) )

114. tempera = ((F[2,0]*Te[k-1]) + (F[2,1]*Th[k-
1]) + (F[2,2]*Ti[k-1]) +(C[2,0]*Ta[k-1]) + (C[2,1]*Fh[k-1]))

115. Ti.append( tempera)

116. t.append(k)

117. error.append(Twant-tempera)

118.

119. if timeOFF!=0:

120. for 1 in range(1,timeOFF+1):

121. k = (i*10) - 9 + 1 -1 + timeON

122. Fh.append(0)

123. AC.append(0)

124. old = Ta[k-1]

125. Ta.append(old)

126. Te.append((F[0,0]*Te[k-1]) + (F[0,1]*Th[k-
1]) + (F[0,2]*Ti[k-1]) + (C[@,0]*Ta[k-1]) + (C[@,1]*Fh[k-1]))

127. Th.append((F[1,0]*Te[k-

1]) + (F[1,11*Th[k-1]) + (F[1,2]*Ti[k-1]) + (C[1,0]*Tal[k-
1]) + (C[1,1]*Fh[k-1]) )

128. tempera = ((F[2,0]*Te[k-1]) + (F[2,1]*Th[k-
1]) + (F[2,2]*Ti[k-1]) +(C[2,0]1*Ta[k-1]) + (C[2,1]*Fh[k-1]))

129. Ti.append( tempera)

130. t.append(k)

131. error.append(Twant - tempera)

132. time = []

133. for k in t:

134. time.append(k/60.0)

135.

136. #plot

137. lc = plt.plot(time,Ti, 'b-',label = "Inside Temperature")

138. 1b = plt.step(time,AC, 'g-', label="AirConditioner")

139. la = plt.plot(time,Ta, 'm-',label="0utside Temperature")

140. 1d = plt.plot(time,error, ' 'r-',label="Error")

141. 1f = plt.plot(time,Fh,'y-",1label="Power")

142. #tle = plt.plot(time,Th, 'k-"', label = "Heaters Temperature")

143. lg = plt.plot(time,Te, 'c-',label="Envelop Temperature")

144. 11 = plt.title('PID (TiTeTh model)")

145. 1x = plt.xlabel('Time(h)")

146. ly = plt.ylabel( ' Temperature(Celsius)')

147. plt.legend(loc=3, bbox_to_anchor = (0, -
0.3, 1., 1.102),mode="expand",ncol=2)
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148. plt.savefig('./TiTeTh_pid.png',bbox_inches="tight")

149. plt.show()
150. return y
151.

152. #set parameters

153. kp = ©.25 #Xp = 4 bathmoi

154. period = 600 # 10 minutes

155. #Tu = 4minutes

156. ki = @.2#(2 * kp) / 4 #0.125

157. period_minu = period / 60 #in minutes
158. kd = 0.05#period_minu / 8.0 # 0.25
159. windup = 20.0

160. list = []

161.

162. y = update(kp,ki,kd,period,windup)

29. TiTeThTs on-off delay.py

#!/usr/bin/python

import math

import matplotlib.pyplot as plt
import numpy as np

import time

from scipy.integrate import quad

VCoONOAUVTD WN R

[N
P ® -

Ci
. Ch

0.143 *60.0 #kWmin/oC

0.321 *60.0

. Ce 3.24 * 60.0

.Cs 0.619 * 60.0

.Rih = 0.383

.Rie = 0.909

.Rea = 4.47

.Ris = 0.115

LAl ie-Rea)/(Rie*Rea*Ce)

A2 =

. A3

A4 =

A5 =

.A6 = -1.0/(Rih*Ch)

.A7 = 0.0

.A8 = 1.0/(Rih*Ch)

.A9 = 0.0

.Al0 = 0.0

.A11 = -1.0/(Ris*Cs)

.A12 = 1.0/ (Ris*Cs)

.A13 = 1.0/ (Rie*Ci)

.A14 = 1.0/(Rih*Ci)

.A15 = 1.0/(Ris*Ci)

.A16 = (-(Rih*Ris)-(Rie*Ris) - (Rih*Rie))/(Rie*Rih*Ris*Ci)

.A = np.array([[Al, A2, A3, A4], [A5, A6, A7, A8], [A9, Ale, All, Al12],
[A13, Al4, Al5, A16]])

34.B = np.array([[1.0/(Rea*Ce), ©0.0], [0.0, 1.0/Ch], [0.0, 0.0], [0.0, 0.0

1D

35.

36.Ta = [0.0]

37.Twant = 20.0 #celsius
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38.
39.
. Te
.Ts =
42.
43,
44.
45.
46.
47.
48.

40
41

49,
50.
51.
52.

53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.

69.
70.

71

72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.

Ti
Th

AC

error.append( Twant - Ti[@])

[15]

[15] #temperature of the heaters
[15] #temperature of the envelop
[15] #temperature of the sensor
[0] #at start ac was off

error = []

t.append(i) #t=1,2,3,..,1000min!!!
if (i % 10) == 1 or i==1:
if error[i-1] > 1: #Twant>Ti+l then open ac

AC.append(Twant)

Fh.append( 5 - (5*Ta[@]/Twant))

Fh = []
Fh.append( 5 - (5*Ta[@]/Twant) ) #kW

I = np'ar‘r‘ay([[l—' eJ eJ e]J [eJ 1) e) e]) [eJ e) 1) 0]) [0) 0) 0) 1]])
S = (np.dot(A,A))/2

F=I+A+S

k1 = lambda r: (I[0,0] np.dot(A[0,0],r) + np.dot(S[0,0],r**2))*B[0,0]
k2 = lambda r: (I[0,1] np.dot(A[@,1],r) + np.dot(S[@,1],r**2))*B[1,1]
k3 = lambda r: (I[1,0] np.dot(A[1,0],r) + np.dot(S[1,0],r**2))*B[0,0]
k4 = lambda r: (I[1,1] + np.dot(A[1,1],r) + np.dot(S[1,1],r**2))*B[1,1]
k5 = lambda r: (I[2,0] np.dot(A[2,0],r) + np.dot(S[2,0],r**2))*B[0,0]
k6 = lambda r: (I[2,1] np.dot(A[2,1],r) + np.dot(S[2,1],r**2))*B[1,1]
k7 = lambda r: (I[3,0] np.dot(A[3,0],r) + np.dot(S[3,0],r**2))*B[0,0]
k8 = lambda r: (I[3,1] np.dot(A[3,1],r) + np.dot(S[3,1],r**2))*B[1,1]
C1 = quad(ki,e,1)

C2 = quad(k2,0,1)

C3 = quad(k3,0,1)

C4 = quad(k4,0,1) #integration from @ to 1min (exp(A*r)*B ) dr

C5 = quad(k5,0,1)

C6 = quad(k6,0,1)

C7 = quad(k7,0,1)

C8 = quad(ks8,0,1)

C = np.array([[C1[@], C2[@]],[C3[0], c4[e]], [c5[e], C6[0]], [C7[e], C8
[e11l)

t = [0]
.for i in range (1,1001):

elif error[i-1] < 1 and error[i-1] > -1:

else: #close ac
AC.append(@)
Fh.append(®@)

old = AC[i-1]

AC.append(old)

old = Fh[i-1]

Fh.append(old)
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87.
88.
89.
90.
91.

92.

#solutions to the differential equations

Te.append((F[0,0]*Te[i-1]) + (F[@,1]*Th[i-1]) + (F[@,2]*Ts[i-
1]) + (F[0,3]*Ti[i-1]) + (C[@,0]*Ta[i-1]) + (C[@,1]*Fh[i-1]))

Th.append((F[1,0]*Te[i-1]) + (F[1,1]*Th[i-1]) + (F[1,2]*Ts[i-
1]) + (F[1,3]*Ti[i-1]) + (C[1,@]*Ta[i-1]) + (C[1,1]*Fh[i-1]))

Ts.append((F[2,0]*Te[i-1]) + (F[2,1]*Th[i-1]) + (F[2,2]*Ts[i-
1]) + (F[2,3]*Ti[i-1]) + (C[2,0]*Ta[i-1]) + (C[2,1]*Fh[i-1]))

Ti.append((F[3,0]*Te[i-1]) + (F[3,1]*Th[i-1]) + (F[3,2]*Ts[i-
1]) + (F[3,3]*Ti[i-1]) + (C[3,0]*Ta[i-1]) + (C[3,1]*Fh[i-1]))

93. error.append( Twant - Ti[i]) #new error

94. if il=1 and ((i % 10) != 1):

95. old = AC[i-1]

96. AC.append(old)

97. old = Fh[i-1]

98. Fh.append(old)

99. old = Ta[i-1] #to be able to plot outside temp

100. Ta.append(old)

101.

102. time=[]

103. for x in t:

104. time.append(x/60.0)

105.

106. #tplot

107. lc = plt.plot(time,Ti, 'b-",label = "Inside Temperature")
108. la = plt.plot(time,error,'r-', label= "Error")

109. 1b = plt.step(time,AC, ' 'g-"', label="AirConditioner")

110. 1d = plt.plot(time,Ta, 'm-', label="Outside Temperature")
111. 1f = plt.plot(time,Fh,'y-",label="Power")

112. lg = plt.plot(time,Th, 'k-", label = "Heaters Temperature")
113. 1ls = plt.plot(time,Te, 'c-", label = "Envelop Temperature")
114. #lm = plt.plot(time,Ts, 'k-', label ="Sensor Temperature")
115. 11 = plt.title('ON-OFF (TiTeThTs model)')

116. 1x = plt.xlabel('Time(h)")

117. ly = plt.ylabel('Temperature(Celsius)"')

118. plt.legend(loc=3, bbox_to_anchor = (0, -

119
120

0.4, 1., 1.102),mode="expand",ncol=2)
. plt.savefig('./TiTeThTs_ON-OFF_delay.png',bbox_inches="tight")
. plt.show()

30. TiTeThTs pid.py

ONOUVITDS WN R

#!/usr/bin/python

import math

import matplotlib.pyplot as plt
import numpy as np

import time

import datetime

from scipy.integrate import quad

. #simulation of pid controller
. def update(kp,ki,kd,period,windup):

#constants of model

Ta = [0.0]
Twant = 20.0 #celsius
Ti = [15]
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16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43,
44,
45,

46.

47.
48.
49.
50.
51.
52.
53.
54.
55.

56.
57.
58.
59.
60.
61.
62.
63.

64.

(Rih*Rie))/(Rie*Rih*Ris*Ci)
np.array([[Al, A2, A3, A4], [A5, A6, A7, A8], [A9, Alo, All, Al

np.array([[l.@/(Rea*Ce), 0.0], [0.0, 1.0/Ch], [0.0, ©0.0], [0.9,

[GJ 1) e) e])

dot(A[@,0],r)

dot(A[@,1],r)

.dot(A[1,0],r)

dot(A[1,1],r)
dot(A[2,0],r)

dot(A[2,1],r)

Th = [15]

Te = [15]

Ts = [15]

Fh = []

Fh.append( 5 - (5*Ta[@]/Twant)) #kW

Ci = 0.143 *60.0 #kWmin/oC

Ch = 0.321 *60.0

Ce = 3.24 * 60.0

Cs = 0.619 * 60.0

Rih = 0.383

Rie = 0.909

Rea = 4.47

Ris = 0.115

Al = (-Rie-Rea)/(Rie*Rea*Ce)

A2 = 0.0

A3 = 0.0

A4 = 1.0/(Rie*Ce)

A5 = 0.0

A6 = -1.0/(Rih*Ch)

A7 = 0.0

A8 = 1.0/(Rih*Ch)

A9 = 0.0

Alo = 0.0

A1l = -1.9/(Ris*Cs)

Al12 = 1.0/(Ris*Cs)

A13 = 1.0/(Rie*Ci)

Al14 = 1.0/(Rih*Ci)

A15 = 1.0/(Ris*Ci)

A16 = (-(Rih*Ris)-(Rie*Ris) -
21, [A13 Al4, A15, A16]])
0.0]])

= [@]

w = Twant

x = Ti[@]

t = [0]

error = []

error.append(0)

I = np.array([[1, 0, 0, @],
1D

S = (np.dot(A,A))/2

F=I+A+S

ki = lambda r: (I[0,0] + np.
0,0]

k2 = lambda r: (I[0,1] + np.
1,1]

k3 = lambda r: (I[1,0] + np
0,0]

k4 = lambda r: (I[1,1] + np.
1,1]

k5 = lambda r: (I[2,0] + np.
0,0]

ké = lambda r: (I[2,1] + np.
1,1]

[GJ e) 1) @]) [@) 0) 0) 1

-+

-+

-+

-+

-+

-+

np.

np.

np

np.

np.

np

dot(S[0,0],r**2))*B[

dot(S[0,1],r**2))*B[

.dot(S[1,0],r**2))*B[

dot(S[1,1],r**2))*B[

dot(S[2,0],r**2))*B[

.dot(S[2,1],r**2))*B[

145



65.

66.

67.
68.
69.
70.
71.
72.
73.
74.
75.

76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

k7
0,0]

)*B[1,1]

c1
c2
c3
ca
C5
ce
c7
c8
C

= lambda r: (I[3,0] + np.dot(A[3,0],r) + np.dot(S[3,0],r**2))*B[

k8 = lambda r: (I[3,1] + np.dot(A[3,1],r) + np.dot(S[3,1],r**2)

quad(ki,0,1)

quad(k2,0,1)

quad(k3,0,1)

quad(k4,0,1) #integration from © to 1lmin (exp(A*r)*B ) dr
quad(k5,0,1)

quad(k6,0,1)

quad(k7,0,1)

quad(ks,0,1)

np.array([[C1[e], C2[@]],[C3[e], c4[e]], [C5[e], C6[0]], [C7[@]

» C8[e]]])

last_error
=0

Ty

0

period_min = period / 60
#calculate the y ratio for this 1@min period
for i in range(1,81):

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
11e.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.

x = Ti [(i*10) -9 -1]
e =w - X # error
de = e - last_error
dt = 600 #sec
if dt >=period :
if e>-2 and e<2:
Py = (kp * e) + 0.5
dt = dt / 60 #dt must be in minutes
Iy += e*dt
if Iy < -windup:
Iy = -windup
elif Iy > windup:
Iy = windup
Iy = Iy * ki
if dt > 0 :
Dy = (de / dt) * kd
y = Py + Iy + Dy
ify > 1:
y =1
elif y < 0:
=0
elif e>=2:
y:
else:
y =0
last_error = e

Ll SIS

#sleep for 10min until next evaluation

timeON = y*period min #for period min - timeON = timeO$
timeON = round(timeON)

if timeON<=3:
timeON = @

elif timeON>=7:
timeON = 10

timeON = int(timeON)

timeOFF = int(period_min - timeON)

if timeON!=0:
for 1 in range(1,timeON+1):
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121.
122.
123.
124.
125.
126.

129.

130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.

145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.

k = (i*10) - 9+ 1 -1
Fh.append( 5 - (5*Ta[k -1]/Twant))
AC.append(Twant)
old = Ta[k -1]
Ta.append(old)
Te.append((F[0,0]*Te[k-1]) + (F[0,1]*Th[k-

(F[0,2]*Ts[k-1]) + (F[@,3]*Ti[k-1]) + (C[@,0]*Ta[k-
(C[e,1]*Fh[k-1]))

Th.append((F[1,0]*Te[k-1]) + (F[1,1]*Th[k-

(F[1,2]*Ts[k-1]) + (F[1,3]*Ti[k-1]) + (C[1,0]*Ta[k-
(C[1,1]*Fh[k-1]))

Ts.append((F[2,0]*Te[k-1]) + (F[2,1]*Th[k-

(F[2,2]1*Ts[k-1]) + (F[2,3]*Ti[k-1]) + (C[2,0]*Ta[k-
(C[2,1]*Fh[k-1]))

tempera = ((F[3,0]*Te[k-1]) + (F[3,1]*Th[k-

(F[3,2]*Ts[k-1]) + (F[3,3]*Ti[k-1]) + (C[3,0]*Ta[k-
(C[3,1]*Fh[k-1]))

Ti.append( tempera)
t.append(k)
error.append(Twant-tempera)

if timeOFF!=0:

for 1 in range(1,timeOFF+1):
k = (i*10) - 9 + 1 -1 + timeON
Fh.append(9)
AC.append(9)
old = Ta[k-1]
Ta.append(old)
Te.append((F[0,0]*Te[k-1]) + (F[0,1]*Th[k-

(F[0,2]*Ts[k-1]) + (F[@,3]*Ti[k-1]) + (C[@,0]*Ta[k-
(C[e,1]*Fh[k-1]))

(F[1,1]*Th[k-1])
(C[1,0]*Ta[k-1])

(F[2,1]*Th[k-1])
(C[2,0]*Ta[k-1])

Th.append((F[1,0]*Te[k-
(F[1,2]*Ts[k-1]) + (F[1,3]*Ti[k-
(C[1,1]*Fh[k-1]))

Ts.append((F[2,0]*Te[k-
(F[2,2]*Ts[k-1]) + (F[2,3]*Ti[k-
(C[2,1]*Fh[k-1]))

tempera = ((F[3,0]*Te[k-

+ +

+ +

(F[3,1]1*Th[k-1]) + (F[3,2]*Ts[k-1]) + (F[3,3]*Ti[k-
(C[3,0]*Ta[k-1]) + (C[3,1]*Fh[k-11))

Ti.append( tempera)
t.append(k)
error.append(Twant - tempera)

time = []
for k in t:

time.append(k/60.0)
#plot
lc = plt.plot(time,Ti, 'b-',label = "Inside Temperature")
1b = plt.step(time,AC, 'g-', label="AirConditioner")
la = plt.plot(time,Ta, 'm-',label="0Outside Temperature")
1d = plt.plot(time,error, ' 'r-',label="Error")
1f = plt.plot(time,Fh,'y-",1label="Power")
le = plt.plot(time,Th, 'k-', label = "Heaters Temperature")
lg = plt.plot(time,Te, 'c-',label="Envelop Temperature")
#lm = plt.plot(time,Ts, 'k-',label="Sensor Temperature")
11 = plt.title('PID (TiTeThTs model)")
1x = plt.xlabel('Time(h)")
ly = plt.ylabel('Temperature(Celsius)')
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164.

165.
166.
167.

plt.legend(loc=3, bbox_to_anchor = (0, -

0.4, 1., 1.102),mode="expand",ncol=2)
plt.savefig('./TiTeThTs_pid.png',bbox_inches="tight")
plt.show()

return y

168.

169.
17e@.
171.
172.
173.
174.
175.
176.
177.

#set parameters

kp = ©0.25 #Xp = 4 bathmoi
period = 600 # 10 minutes
#Tu = 4minutes

ki = @.2#(2 * kp) / 4 #0.125

period_minu = period / 60 #in minutes
kd = 0.05#period_minu / 8.0 # 0.25
windup = 20.0

list = []

178.

179.

y = update(kp,ki,kd,period,windup)

31. smart_table.py

oONOUVTDS WN R

10.

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

#!/usr/bin/python

import MySQLdb
import numpy as np

def start _point():

#fetch the timetable of today

connection = MySQLdb.connect(host = "localhost", user = "project",
passwd="1111", db="project")

cur = connection.cursor()

days = ['Monday', 'Tuesday', 'Wednesday', 'Thursday', 'Friday', 'Sa
turday', 'Sunday’]

#find max number of rows

num = 0
for day in days:
num2 = 0

cur.execute("SELECT * FROM %s" %day)
for row in cur.fetchall():
num2 += 1
if num2>num:
num = num2 #num contains max rows

#tmake data and smart at the right(max) size
data = []
smart = []
for i in range(num):

data.append(str(9))

smart.append(9)
data = np.asarray(data)
smart = np.asarray(smart)

for day in days:
cur.execute("SELECT * FROM %s" %day)
num_rows = 0
row 0 =[]
for row in cur.fetchall():
num_rows += 1
#if num_rows < num: #calculate extra zeros for padding
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36. difference = num - num_rows

37.

38. cur.execute("SELECT * FROM %s" %day)

39. for row in cur.fetchall():

40. help = str(row[@])[-8:-
7] #add @ if needed in time to be in correct format

41. if help!= "1" and help !="2":

42, row_0.append(str(0) + str(row[0]))

43. else:

44. row_0.append(str(row[0]))

45, for d in range(difference): #make the padding if needed

46. row_0.append(str(0))

47.

48. smart_1 = np.asarray(row_o0)

49, smart = np.vstack((smart,smart_1,data,data)) #combine times and
data

50. smart = np.delete(smart,0, axis=0)

51. connection.close()

52. return smart

32. smart_compare.py

#!/usr/bin/python

1

2

3. import MySQLdb

4. import numpy as np
5. import time
6

7

8

9

def compare(smart,numday,day):
#values from smart table
. values = []
10. columns = smart.shape[1]

11. for ¢ in range(columns):

12. values.append(smart[numday][c])

13.

14. #time.sleep(30)

15. #values from schedule

16. connection = MySQLdb.connect(host = "localhost", user = "projec
t", passwd="1111", db="project")

17. cur = connection.cursor()

18. days = ['Monday', 'Tuesday', 'Wednesday', 'Thursday', 'Friday’,

'Saturday', 'Sunday’]

19. #find max number of rows

20. num = ©

21. for dayss in days:

22. num2 = 0

23. cur.execute("SELECT * FROM %s" %dayss)

24. for row in cur.fetchall():

25. num2 += 1

26. if num2>num:

27. num = num2 #num contains max rows

28. #tmake data and smart at the right(max) size

29. data = []

30. smart = []

31. for i in range(num):

32. data.append(9)

33. smart.append(0Q)
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34.
35.
36.
37.
38.
39.
40.
41.
42.
43,
44,
45.
46.
47.

48.
49,
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.

data = np.asarray(data)
smart = np.asarray(smart)

cur.execute("SELECT * FROM %s" %day)
num_rows = @
row 0 =[]
for row in cur.fetchall():
num_rows += 1
#if num_rows < num: #calculate extra zeros for padding
difference = num - num_rows

cur.execute("SELECT * FROM %s" %day)
for row in cur.fetchall():
help = str(row[0])[-8:-
7] #add © if needed in time to be in correct format
if help!= "1" and help !="2":
row_0.append(str(@) + str(row[0]))
else:
row_0.append(str(row[0]))
for d in range(difference): #make the padding if needed
row_0.append(str(0))

values.sort()
row_0.sort()
if values==row_0:

same = 1 #same
else:

same = 0
return same

33. smart_update.py

1
2
3
4.
5.
6
7
8
9

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

#!/usr/bin/python

import MySQLdb
import numpy as np

def update(smart_old,numday,day):

#values from programme
connection = MySQLdb.connect(host = "localhost", user = "projec
t", passwd="1111", db="project")
cur = connection.cursor()
days = ['Monday', 'Tuesday', 'Wednesday', 'Thursday', 'Friday’,
'Saturday', 'Sunday’]

#find max number of rows
num = ©
for dayss in days:
num2 = 0
cur.execute("SELECT * FROM %s" %dayss)
for row in cur.fetchall():
num2 += 1
if num2>num:
num = num2 #num contains max rows
t#tmake data and smart at the right(max) size
data = []
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24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43,
44,
45,
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.

66.

67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.

fore

smart = []

for i in range(num):
data.append(0)

smart.append(9)

data = np.asarray(data)

smart = np.asarray(smart)

numday = ©
for day in days:

#values from smart table
values = []
columns = smart_old.shape[1]
for ¢ in range(columns):
values.append(smart_old[numday][c])
numday += 3

#values from schedule
cur.execute("SELECT * FROM %s" %day)
num_rows = 0@
row_0 =[]
for row in cur.fetchall():
num_rows += 1
#if num_rows < num: #calculate extra zeros for padding
difference = num - num_rows

cur.execute("SELECT * FROM %s" %day)
for row in cur.fetchall():
help = str(row[@0])[-8:-7] #add @ if needed in t$
if help!= "1" and help !="2":
row_0.append(str(0) + str(row[0]))
else:
row_0.append(str(row[0]))
for d in range(difference): #make the padding if needed
row_0.append(str(0))

#the new row of smart with times is row_©
smart_1 = np.asarray(row_0)
#values and row_© have the data to compare
data_new = []
errors = []
for i in range(len(row 90)):
if row O[i] != str(@): #it might has a value from smart_old

if row _O[i] in values: #the element has a value from be

for s in range(len(values)): #find the pointer
if row_O[i] == values[s]:
data_new.append(smart_old[numday-2][s])
errors.append(smart_old[numday-1][s])
else: #new element
data_new.append(str(9))
errors.append(str(0))
else:
data_new.append(str(0))
errors.append(str(0))

data_1 = np.asarray(data_new)

errors_1 = np.asarray(errors)
smart = np.vstack((smart,smart_1,data_1,errors_1))
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81.
82.
83.
84.

smart = np.delete(smart,0, axis=0)
connection.close()

return(smart)

34. smart_thermostat.py

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
a47.
48.
49.
50.
51.
52.

#!/usr/bin/python

import MySQLdb

import math

import numpy as np

import time

from scipy.integrate import quad
import csv

. #get the set point value (w) = program
. #we get it from start and it is next_temperature

. def outsidetemp(idloop,tenmin,m):

if idloop < 16:
toadd = 151216 + idloop
else:
toadd = 160101-16+idloop
path = '/home/pi/Desktop/Measurements/trend_data_1 20'
path = path+str(toadd)+".csv"
with open(path, 'rb') as csvfile:
reader = csv.reader(csvfile, delimiter=';")
reader = list(reader)
res = reader[12+(tenmin*40)+(m*4)]1[9][-4:]
return res

. def thermostat(Tal,Til,Th1,Tel,Tsl,w,prev,before,minus,tenmin,idloop):

#values from previus 10min season

#Ta = [Tal]

out = outsidetemp(idloop,tenmin,®)
out = float(out)

Ta = [out]

Ti = [Ti1]

Th = [Thi]

Te = [Tel]

Ts = [Ts1]

error = []

Fh =[]

if w>10 and prev ==0:
error.append( w - Ti[@])
Twant = [w]

elif w<1@ and prev ==0:
error.append(0.0)
Twant = [9]

elif w>10 and prev ==1:
error.append(0.0)
Twant =[0]

elif w<1@ and prev==1:
error.append(0.0)

Twant =[0]

if error[0] > 1:
Fh.append(7)
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53. elif error[@] < 1 and error[0] > -1:

54. old = before

55. Fh.append(old)

56. else: #close ac

57. Fh.append(0)

58.

59.

60. #constants

61. Ci = 0.143 *60.0 #kWmin/oC

62. Ch = 0.321 *60.0

63. Ce = 3.24 * 60.0

64. Cs = 0.619 * 60.0

65. Rih = 0.383

66. Rie = 0.909

67. Rea = 4.47

68. Ris = 0.115

69. Al = (-Rie-Rea)/(Rie*Rea*Ce)

70. A2 = 0.0

71. A3 = 0.0

72. A4 = 1.0/(Rie*Ce)

73. A5 = 0.0

74. A6 = -1.0/(Rih*Ch)

75. A7 = 0.0

76. A8 = 1.0/(Rih*Ch)

77. A9 = 0.0

78. Alo = 0.0

79. A1l = -1.0/(Ris*Cs)

80. A12 = 1.0/(Ris*Cs)

81. A13 = 1.0/ (Rie*Ci)

82. Al4 = 1.0/(Rih*Ci)

83. A15 = 1.0/(Ris*Ci)

84. A16 = (-(Rih*Ris)-(Rie*Ris) - (Rih*Rie))/(Rie*Rih*Ris*Ci)

85. = np.array([[Al, A2, A3, A4], [A5, A6, A7, A8], [A9, Al@, All, Al
21, [A13 Al4, Al5, Al6]])

86. B = np.array([[1.0/(Rea*Ce), 0.0], [0.0, 1.0/Ch], [0.0, ©0.0], [©.0,
0.0]])

87.

88o]]) I =np.array([[1, 6, 0, 0], [0, 1, 0, @], [0, 0, 1, 0], [0, 0, 0, 1

89. S = (np.dot(A,A))/2

90. F=I+A+S

91.

92. ki = lambda r: (I[9,0] + np.dot(A[@,0],r) + np.dot(S[0,0],r**2))*B[
0,0]

93. k2 = lambda r: (I[0,1] + np.dot(A[@,1],r) + np.dot(S[0,1],r**2))*B[
1,1]

94. k3 = lambda r: (I[1,0] + np.dot(A[1,0],r) + np.dot(S[1,0],r**2))*B[
0,0]

95. k4 = lambda r: (I[1,1] + np.dot(A[1,1],r) + np.dot(S[1,1],r**2))*B[
1,1]

96. k5 = lambda r: (I[2,0] + np.dot(A[2,0],r) + np.dot(S[2,0],r**2))*B[
0,0]

97. ké = lambda r: (I[2,1] + np.dot(A[2,1],r) + np.dot(S[2,1],r**2))*B[
1,1]

98. k7 = lambda r: (I[3,0] + np.dot(A[3,0],r) + np.dot(S[3,0],r**2))*B[
0,0]

99. k8 = lambda r: (I[3,1] + np.dot(A[3,1],r) + np.dot(S[3,1],r**2))*B[
1,1]

100. C1 = quad(kl,0,1)
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101. €2 = quad(k2,0,1)

102. C3 = quad(k3,0,1)
103. C4 = quad(k4,0,1) #integration from © to 1min (exp(A*r)*B ) dr
104. C5 = quad(k5,0,1)
105. C6 = quad(ke6,0,1)
106. C7 = quad(k7,0,1)
107. C8 = quad(k8,0,1)
108. C = np.array([[C1l[@], C2[@]],[C3[0], C4[@]], [C5[@], C6[@]], [C
7[e], c8[e]]])
109.
110.
111. #run for 10 minutes
112. for i in range (1,10): #i = 1,2,3,..9
113. if i==1:
114. if w>10:
115. if error[i-
1] > 1 or prev==1: #Twant>Ti+1 then open ac
116. Fh.append(7)
117. elif error[i-1] < 1 and error[i-1] > -1:
118. old = Fh[i-1]
119. Fh.append(old)
120. else: #close ac
121. Fh.append(9)
122. else:
123. Fh.append(9)
124. #solutions to the differential equations
125. Te.append((F[0,0]*Te[i-1]) + (F[@,1]*Th[i-
1]) + (F[0,2]*Ts[i-1]) + (F[@,3]*Ti[i-1]) + (C[@,0]*Ta[i-

[any

e

N
+

(C[0,1]*Fh[i-1]))

126. Th.append((F[1,0]*Te[i-1]) + (F[1,1]*Th[i-
(F[1,2]*Ts[i-1]) + (F[1,3]*Ti[i-1]) + (C[1,@]*Ta[i-
(C[1,1]*Fh[i-1]))

127. Ts.append((F[2,0]*Te[i-1]) + (F[2,1]*Th[i-
(F[2,2]*Ts[i-1]) + (F[2,3]*Ti[i-1]) + (C[2,@]*Ta[i-
(C[2,1]*Fh[i-1]))

128. Ti.append((F[3,0]*Te[i-1]) + (F[3,1]*Th[i-

+ +

+ +

1]) + (F[3,2]*Ts[i-1]) + (F[3,3]*Ti[i-1]) + (C[3,0]*Ta[i-
1]) + (C[3,1]*Fh[i-1]))

129. if w>10 and prev==0:

130. error.append( w - Ti[i]) #new error

131. Twant.append(w)

132. elif w<10 and prev==0:

133. error.append(0.0)

134. Twant.append(0.0)

135. elif w>10 and prev==1:

136. error.append(0.0)

137. Twant.append(0.90)

138. else:

139. error.append(0.0)

140. Twant.append(0.0)

141. if il=1:

142. old = Fh[i-1]

143. Fh.append(old)

144. #Ta.append(0.0)

145. out = outsidetemp(idloop,tenmin,i)

146. out = float(out)

147. Ta.append(out)

148.
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149.
150.
151.
152.

if prev ==1:
for m in range(len(Ti)):
if Ti[m]>w:
minus = 2

153.

154.
155.

tenmin += 1
return(Ta,Ti,Th,Te,Ts,error,Fh,Twant,minus,tenmin)

35. smart.py

VCoONOTUVTA, WN R

30
31.
32.
33.
34.
35.

36.

37.

38.

39.

40.
41.

#!/usr/bin/python

from smart_table import start_point
from smart_compare import compare

from smart_update import update

from smart_thermostat import thermostat
import matplotlib

matplotlib.use('Agg')

import matplotlib.pyplot as plt

. import numpy as np

. import MySQLdb

. import time

. from datetime import datetime

. #start values for thermostat
.Ta = [12.9]

LTi
. Th
. Te
.Ts = [18.9]
.error = [0.0]
.Fh = [0.0]
.Twant = [1.0]
.prev = 0

. firsthere=0
.idloop = ©

[18.0]
[18.0]
[13.0]

.smart = start_point() #the first smart table
.days = ['Monday' , 'Tuesday' , 'Wednesday', 'Thursday', 'Friday', 'Satu

rday', 'Sunday']

.onlyatfirst =0

for week in range(©,3): #for 3 weeks week=0,1,2
numday = © #num © is monday

for day in days: #for each day of the week
same = compare(smart,numday,day) #check for the day program and
compare to smart
if same == 0: #there are not same (someone made a change at the
schedule)
smart = update(smart,numday,day) #call to update the smart
table
numday += 3 #for the next iteration (needed for function compar
e)
idloop += 1
tenmin = @
#now is sure that the smart table is ok so flow chart starts
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42.

43.
44,
45.
46.
47.
48.
49.
50.
51.

52.
53.
54.
55.
56.

57.
58.
59.

60.
61.
62.
63.
64.

65.
66.
67.
68.
69.

70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.

for i in range (90,144): #144 periods of 10min in one day(mid
ht is next day)
# STEP 1 check if now there is a program going on
#tthe time now = (i*10)/60
hours =i / 6
minutes = (i % 6)*10
if hours >=0 and hours <=9:
if minutes ==0:
timen
else:

'0%s:00:00"' %hours

nig

timen = '0%s:%s:00' % (hours, minut

es)
else:
if minutes==0:

timen '%s:00:00"' %hours

else:
timen

utes)
schedule = 0
print idloop,timen
connection = MySQLdb.connect(host
oject", passwd="1111", db="project")
cur = connection.cursor()
cur.execute("SELECT * FROM %s" %day)
for row in cur.fetchall():
help = str(row[0])[-8:-7]
if help != "1" and help = "2": #insert 0 at
e start of time -> 24hour format
row @ = str(@) + str(row[0])

"localhost", user =

else:
row © = str(row[@])
help = str(row[1])[-8:-7]
if help != "1" and help != "2": #insert 0 at
e start of time -> 24hour format
row_1

str(@) + str(row[1])
else:
row 1 = str(row[1])
#tcheck if there is a schedule now
if row_© <= timen and timen < row_1:
schedule =1
next_temperature = row[2]
connection.close()

if schedule == 1: #now there is schedule so START HEATER
#print "TYPE A, time=%s" %timen
#call thermostat
Tal = []
Til = []
Thl = []
Tel = []
Tsl = []
errorl =[]
Fhl = []
Twantl = []
w = next_temperature
prev = 0
minus = ©

'%s:%s:00"' %(hours, min

pr

th

th

156



93. Tal, Til, Thl, Tel, Tsl, errorl, Fhl, Twantl,minus,tenm
in = thermostat(Ta[-1],Ti[-1],Th[-1],Te[-1],Ts[-1],w,prev,Fh[-
1],minus,tenmin,idloop)

94. Ta = Ta + Tal

95. Ti = Ti + Ti1l

96. Th = Th + Thl

97. Te = Te + Tel

98. Ts = Ts + Tsl

99. error = error + errorl

100. Fh = Fh + Fhl

101. Twant = Twant + Twantl

102. if float(Twant[-11]) != float(Twant[-
1]) and float(Twant[-11]) <= 10: #first time we run this schedule

103. timestart = datetime.strptime(timen, '%H:%M:%S’
) #time that the schedule started

104. Tempstart = Ti[-11]

105. onlyatfirst = 1

106. if Ti[-11] > Twant[-
1]+1: #error must be negative

107. onlyatfirst =2

108. if Ti[-1]>=Twant[-1]-
1 and onlyatfirst==1: #we can calculate smart time

109. onlyatfirst=0

110. forlast=1

111. timestop = datetime.strptime(timen, '%H:%M:%S')

112. smartdif = str(timestop - timestart)

113. help = smartdif[-8:-7]

114. if help != "1" and help !=
"2": #insert @ at the start of time -> 24hour format

115. smartdif = str(0) + str
(smartdif)

116. else:

117. smartdif = str(smar
tdif)

118. #tcalculate how much minutes smartdif is

119. timeadd = ©

120. if int(smartdif[:-6]) != O:

121. timeadd += int(smartdif[:-6]) * 60

122. if int(smartdif[-5:-3]) !=0:

123. timeadd += int(smartdif[-5:-3])

124. #update error on smart table

125. test = numday-1

126. testl = numday-2

127. test2 = numday -3

128. columns = smart.shape[1]

129. for s in range(columns):

130. if day=='Sunday' and smart[18][s] == st
r(timestart)[-8:]:

131. help = int(smart[19][s]) + int(smart[20
1[sD)

132. smart[19][s] = str(help)

133. smart[20][s] = str(timeadd)

134. elif smart[test2][s] ==str(timestart)[-
8:]:

135. help = int(smart[testl][s]) + int(smart
[test][s])

136. smart[testl][s] = str(help)

137. smart[test][s] = str(timeadd)
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138.

139.
140.
141.
142.
143.

er = "project", passwd="1111", db="project")

144.
145.
146.
147.
148.

# STEP 2 find when the next schedule will be

else: #schedule ==0 so no programme now
T = '04:00:00"
timenn = datetime.strptime(timen, '%H:%M:%S')
connection = MySQLdb.connect(host = "localhost", us

cur = connection.cursor()
cur.execute("SELECT * FROM %s" %day)
for row in cur.fetchall():

help = str(row[0])[-8:-7]

if help != "1" and help != "2":

#tinsert @ at the start of time -> 24hour format

149.
150.
151.

152.
153.

if

154,
155.
156.
"2": #insert @ at the start of time -> 24hour format

157

dif)

158.
159.
160.
161.
162.
163.
164.
165.

166.
167.
168.
169.

#check

if

17e@.

171.

if

172.

173.

if

174.

175.

if

176.

177.

if

178.

179.

if

180@.

181.

if

182.

183.

184.
185.
186.

row_0 = str(0) + str(row[0])
else:
row_0 = str(row[@])

row_00 = datetime.strptime(row_0, '%H:%M:%S")

row_00 > timenn:
dif = str(row_00 - timenn)
help = dif[-8:-7]
if help != "1" and help !=

dif = str(0) + str(

else:
dif

str(dif)
if dif <= T:
T = dif
next_schedule = str(row_09)
next_schedule = next_schedule[-8:]
next_temperature = row[2]
flag =0

connection.close()

if the next schedule comes in the next day

if str(timen) >= '22:00:00' and T > '02:00:00':

day == 'Monday’:
next_day = 'Tuesday'
day == 'Tuesday':
next_day = 'Wednesday'
day == 'Wednesday':
next_day = 'Thursday'
day == 'Thursday':
next_day = 'Friday'’
day == 'Friday':
next_day = 'Saturday'
day == 'Saturday':
next_day = 'Sunday'
day == 'Sunday':
next_day = 'Monday'

connection = MySQLdb.connect(host = "localhost"

, user = "project", passwd="1111", db="project")

187.
188.

189

190.

cur
cur.execute("SELECT * FROM %s" %next_day)
for row in cur.fetchall():

= connection.cursor()

help = str(row[@])[-8:-7]
if help != "1" and help != "2": #insert ©

at the start of time -> 24hour format

row_0 = str(@) + str(row[0])
else:

158



191. row_0 = str(row[@])

192. if row_© <= '02:00:00":
193.
row_00 = datetime.strptime(row_0, '%H:%M:%S"')
194. dif = str( row_00 - timenn)
195. dif = dif[-7:]
196. dif = str(0) + str(dif)
197. if dif <= T:
198. T = dif
199. next_schedule = str(row_09)
200. next_schedule = next_schedule[-
8:]
201. next_temperature = row[2]
202. flag =1
203. connection.close()
204.
205. # STEP 3 check if T <= 2
206. if T > '02:00:00': #no heaters
207. #print "TYPE B, time=%s" %timen
208. next_temperature = 0
209. #call thermostat
210. Tal = []
211. Til =[]
212. Thl = []
213. Tel = []
214. Tsl = []
215. errorl =[]
216. Fhl = []
217. Twantl = []
218. w = next_temperature
219. prev = 0
220. minus = @
221. Tal, Til, Thl, Tel, Tsl, errorl, Fhl, Twantl,mi

nus,tenmin = thermostat(Ta[-1],Ti[-1],Th[-1],Te[-1],Ts[-1],w,prev,Fh[-
1],minus,tenmin,idloop)

222. Ta = Ta + Tal

223. Ti = Ti + Ti1l

224. Th = Th + Thl

225. Te = Te + Tel

226. Ts = Ts + Tsl

227. error = error + errorl

228. Fh = Fh + Fhl

229. Twant = Twant + Twantl

230.

231. else: #T <= '02:00:00' so check if heaters must go
on

232. # STEP 4 find how much time before it has to st
art

233. if day=='Sunday':

234. numday= 18

235. test = numday-1

236. testl = numday-2

237. test2 = numday -3

238. columns = smart.shape[1]

239. for s in range(columns):

240. #s = int(s)-int(1)

241. if day=='Sunday' and smart[18][s] == next_s
chedule and flag==0:

242. if smart[20][s][:1]=="-":
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243, Tpro = int(smart[19][s]) -
int(smart[20][s][1:])
244, else:
245. Tpro = int(smart[19][s]) + int(smar
t[2e][s])
246. smart[19][s] = str(Tpro)
247. smart[20][s] = str(9)
248. #print "sunday"
249. elif smart[test2][s] == next_schedule and f
lag==0:
250. if smart[test][s][:1]=="-":
251. Tpro = int(smart[testl][s]) -
int(smart[test][s][1:])
252. else:
253, Tpro = int(smart[test1][s]) + int(s
mart[test][s])
254, smart[testl][s] = str(Tpro)
255. smart[test][s] = str(0)
256. elif day=='Sunday' and flag==1 and smart[Q]
[s] == next_schedule:
257. if smart[2][s][:1]=="-":
258. Tpro = int(smart[1][s]) -
int(smart[2][s][1:])
259. else:
260. Tpro = int(smart[1][s]) + int(smart
[21[sD)
261. smart[1][s] = str(Tpro)
262. smart[2][s] = str(Q)
263. elif smart[numday][s] == next_schedule and
flag==1: #other days with flag==1
264. test = numday +1
265. testl = numday +2
266. if smart[testl][s][:1]=="-":
267. Tpro = int(smart[test][s]) -
int(smart[testl][s][1:])
268. else:
269. Tpro = int(smart[test][s]) + int(sm
art[testl][s])
270. smart[test][s] = str(Tpro)
271. smart[testl][s] = str(0)
272.
273. # STEP 5 if the time measure is less than time to next schedule
do nothing
274. Tpro_hrs = Tpro//int(60)
275. Tpro_mins = Tpro%int(60)
276. Tpro = "%s:%s:00" % (str(Tpro_hrs), str(Tpro_mi
ns))
277. Tpro = datetime.strptime(Tpro, '%H:%M:%S') #mak
e minutes in time format
278. Tpro = str(Tpro)[-8:]
279. if Tpro < T or Tpro==0: #no need to open heater
s yet
280. next_temperature = 0
281. #call thermostat
282. Tal = []
283. Til = []
284, Thl = []
285. Tel = []
286. Tsl = []

160



287. errorl =[]

288. Fhl = []

289. Twantl = []

290. w = next_temperature

291. prev = 0

292. minus = @

293. Tal, Til, Thl, Tel, Tsl, errorl, Fhl, Twant

1,minus,tenmin = thermostat(Ta[-1],Ti[-1],Th[-1],Te[-1],Ts[-
1],w,prev,Fh[-1],minus,tenmin, idloop)

294. Ta = Ta + Tal

295. Ti = Ti + Til

296. Th = Th + Thl

297. Te = Te + Tel

298. Ts = Ts + Tsl

299. error = error + errorl

300. Fh = Fh + Fhl

301. Twant = Twant + Twantl

302. else: # Tpro >= T so heaters must go on
303. # STEP 6

304. #print "TYPE D, time=%s" %timen
305. Tal = []

306. Til = []

307. Thl = []

308. Tel = []

309. Tsl = []

310. errorl =[]

311. Fhl = []

312. Twantl = []

J1L3o w = next_temperature

314. prev = 1

315. minus = 1

316. Tal, Til, Thl, Tel, Tsl, errorl, Fhl, Twant

1,minus,tenmin = thermostat(Ta[-1],Ti[-1],Th[-1],Te[-1], Ts[-
1],w,prev,Fh[-1],minus,tenmin,idloop)

317. Ta = Ta + Tal

318. Ti = Ti + Til

319. Th = Th + Thl

320. Te = Te + Tel

321. Ts = Ts + Tsl

322. error = error + errorl

323. Fh = Fh + Fhl

324. Twant = Twant + Twantl

325. if minus == 2 and firsthere==0: #we have ne
gative error

326. minus = 3

327. timenow = timen

328. firsthere=1

329. #print timenow

330. next_sch = datetime.strptime(next_schedule,

"%H %M %S ")

331. timen = datetime.strptime(timen, '%H:%M:%S’
)

332. smartdif = str(next_sch - timen)[-8:]

333. help = smartdif[-8:-7]

334. if help != "1" and help != "2": #insert ©
at the start of time -> 24hour form$

335. smartdif = str(0) + str(smartdif)[-
7:]

336. else:
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337. smartdif = str(smartdif)

338. if firsthere==1 and smartdif == "00:10:00":
#last time in this section

339. minus = @

340. firsthere=0

341. #calculate time to sub

342. timenow = datetime.strptime(timenow, '%
H:%M:%S")

343. smartdif = str(next_sch-timenow)

344. help = smartdif[-8:-7]

345. if help != "1" and help != "2": #ins
ert @ at the start of time -> 24hour format

346. smartdif = str(0) + str(smartdif)
[-7:]

347. else:

348. smartdif = str(smartdif)

349. #calculate how much minutes smartdif is

350. timesub = ©

351. if int(smartdif[:-6]) != @:

352. timesub += int(smartdif][:-
6]) * 60

353. if int(smartdif[-5:-3]) !=0:

354, timesub += int(smartdif[-5:-3])

355. print timesub

356. #update error on table

357. test = numday-1

358. test2 = numday -3

359. columns = smart.shape[1]

360. for s in range(columns):

361. if day=='Sunday' and smart[18][s] =
= next_schedule and flag==0:

362. help = int(smart[20][s]) -
timesub

363. smart[20][s] = str(help) #str(h
elp)

364. elif day=='Sunday' and smart[@][s]
== next_schedule and flag==1:

365. help = int(smart[2][s]) -
timesub

366. smart[2][s] = str(help)

367. elif smart[test2][s] ==next_schedule an
d flag==0:

368. help = int(smart[test][s]) -
timesub

369. smart[test][s] = str(help) #str
(help)

370. elif smart[numday][s] == next_sched
ule and flag==1: #other days with flag==1

371. testl = numday +2

help = int(smart[testl][s]) -

timesub

372. smart[testl][s] = str(help)

373.

374. #PLOT

375. times= []

376. timess = len(Ti)

377. for s in range(timess):
378. times.append(s/60.0)
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379.
380.
381.
382.
383.
384.
385.
386.
387.
388.
389.
3)s
390.
3),
391.
3)s
392.
3),
393.
3)s
394.
3),
395.
3)s
396.
397.
398.
399.
400.
401.
402.
403.
404.
405.
406.

ttaxes = plt.gca()
ttaxes.set x1im([0,170])

#fig,ax plt.figure

fig, ax = plt.subplots()
ax.set_x1im(0,168)
ax.set_xlabel('time(h)")
ax.set_ylabel('Temperature(oC)")

ax.annotate('Monday',xy=(0,0), xytext=(-5,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate('Tuesday',xy=(24,0), xytext=(19,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate( 'Wednesday',xy=(48,0), xytext=(43,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate('Thursday',xy=(72,0), xytext=(67,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate('Friday',xy=(96,0), xytext=(91,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate('Saturday',xy=(120,0), xytext=(115,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate('Sunday',xy=(144,0), xytext=(139,-
arrowprops=dict(facecolor="black',shrink=0.05))

lc = plt.plot(times,Ti, 'b-',label = "Inside Temperature")

la = plt.plot(times,Ta, 'm-',label="0utside Temperature")

1n = plt.step(times,Twant, 'k-',label="Programme")

1d = plt.plot(times,error,'r-',label="Error")

1f = plt.step(times,Fh, 'g-',label="Power of Heaters")

#le = plt.plot(times,Th,'y-"', label = "Heaters Temperature")
lg = ax.plot(times,Te, 'c-',label="Envelop Temperature")

#1m = plt.plot(time,Ts, 'k-', label ="Sensor Temperature")
11 = plt.title('ON-OFF smart thermostat week 1")
plt.legend(loc=3, bbox_to_anchor = (0.,-

0.2, 1., 1.102), mode="expand",ncol=3)

407.
408.
409.
410.
411.
412.
413.
414.
415.
416.
417.
3)»
418.
3),
419.
3)»
420.
3),
421.
3),
422.

3),

figure = plt.gcf()

figure.set size inches(16,8)
plt.savefig('./smart_ON-OFF.png',bbox_inches="tight"')
plt.show()

fig, ax = plt.subplots()

ax.set x1im(168,336)
ax.set_xlabel('time(h)")
ax.set_ylabel('Temperature(oC)"')

ax.annotate( 'Monday',xy=(168,0), xytext=(163,-
arrowprops=dict(facecolor="'black',shrink=0.05))
ax.annotate('Tuesday',xy=(192,0), xytext=(187,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate( 'Wednesday',xy=(216,0), xytext=(211,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate('Thursday',xy=(240,0), xytext=(235,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate('Friday',xy=(264,0), xytext=(259,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate('Saturday',xy=(288,0), xytext=(283,-
arrowprops=dict(facecolor="black',shrink=0.05))
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423.
3)s
424.
425.
426.
427.
428.
429.
430.
431.
432.
433,
434,
435,

ax.annotate('Sunday',xy=(312,0), xytext=(307,-
arrowprops=dict(facecolor="black',shrink=0.05))

lc = plt.plot(times,Ti, 'b-',label = "Inside Temperature")

la = plt.plot(times,Ta, 'm-',label="0utside Temperature")

1n = plt.step(times,Twant, 'k-',label="Programme")

1d = plt.plot(times,error,'r-',label="Error")

1f = plt.step(times,Fh, 'g-',label="Power of Heaters")

#le = plt.plot(times,Th,'y-", label = "Heaters Temperature")
lg = ax.plot(times,Te, 'c-',label="Envelop Temperature")

#1m = plt.plot(time,Ts, 'k-', label ="Sensor Temperature")
11 = plt.title('ON-OFF smart thermostat week 2")
plt.legend(loc=3, bbox_to_anchor = (0.,-

0.2, 1., 1.102), mode="expand",ncol=3)

436.
437.
438.
439.
440.
441.
442.
443.
444.
445.
446.
3),
447.
3)s
448.
3),
449.
3)s
450.
3),
451.
3)s
452.
3),
453.
454.
455.
456.
457.
458.
459.
460.
461.
462.
463.

figure = plt.gcf()

figure.set_size inches(16,8)
plt.savefig('./smart_ON-OFF2.png',bbox_inches="tight")
plt.show()

fig, ax = plt.subplots()
ax.set_x1im(336,504)
ax.set_xlabel('time(h)")
ax.set_ylabel('Temperature(oC)")

ax.annotate('Monday',xy=(336,0), xytext=(331,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate('Tuesday',xy=(360,0), xytext=(355,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate( 'Wednesday',xy=(384,0), xytext=(379,-
arrowprops=dict(facecolor="'black',shrink=0.05))
ax.annotate('Thursday',xy=(408,0), xytext=(403,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate('Friday',xy=(432,0), xytext=(427,-
arrowprops=dict(facecolor="'black',shrink=0.05))
ax.annotate('Saturday',xy=(456,0), xytext=(451, -
arrowprops=dict(facecolor="'black',shrink=0.05))
ax.annotate('Sunday',xy=(480,0), xytext=(475,-
arrowprops=dict(facecolor="'black',shrink=0.05))

lc = plt.plot(times,Ti, 'b-',label = "Inside Temperature")

la = plt.plot(times,Ta, 'm-',label="0utside Temperature")

1n = plt.step(times,Twant, 'k-',label="Programme")

1d = plt.plot(times,error,'r-',label="Error")

1f = plt.step(times,Fh, 'g-',label="Power of Heaters")

#le = plt.plot(times,Th,'y-"', label = "Heaters Temperature")
lg = ax.plot(times,Te, 'c-',label="Envelop Temperature")

#lm = plt.plot(time,Ts, 'k-', label ="Sensor Temperature")
11 = plt.title('ON-OFF smart thermostat week 3'")
plt.legend(loc=3, bbox_to_anchor = (0.,-

0.2, 1., 1.102), mode="expand",ncol=3)

464.
465.
466.
467.

figure = plt.gcf()

figure.set size inches(16,8)
plt.savefig('./smart_ON-OFF3.png',bbox_inches='tight")
plt.show()
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smart_thermostat pid ext.py

VCoOoONOTUVTD WNER

26

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.

#!/usr/bin/python

import MySQLdb

import math

import numpy as np

import time

from scipy.integrate import quad
import csv

. #get the set point value (w) = program
. #we get it from start and it is next_temperature

. def outsidetemp(idloop,tenmin,m):

if idloop < 16:

toadd = 151216 + idloop
else:

toadd = 160101-16+idloop

path = '/home/pi/Desktop/Measurements/trend_data_1 20'
path = path+str(toadd)+".csv"
with open(path, 'rb') as csvfile:
reader = csv.reader(csvfile, delimiter=";")
reader = list(reader)
res = reader[12+(tenmin*40)+(m*4)][9][-4:]
return res

. def thermostat pid ext(Tal,Til,Th1,Tel,Tsl,w,prev,before,minus,tenmin,i
dloop):
#values from previus 10min season

out = outsidetemp(idloop,tenmin,®)
out = float(out)

Ta = [out]

#Ta = [Tal]

Ti = [Ti1]

Th = [Th1]

Te = [Tel]

Ts = [Ts1]

error = []

Fh =[]

if w>10 and prev ==0:
error.append( w - Ti[@])
Twant = [w]

elif w<1@ and prev ==0:
error.append(0.0)
Twant = [9]

elif w>10 and prev ==1:
error.append(0.90)
Twant =[0]

elif w<1@ and prev==1:
error.append(0.0)

Twant =[0]

50.

51.
52.
53.
54.

if error[@] > © or prev==1:
Fh.append(7)
else: #close ac
Fh.append(9)

55.

56.

#parameters of pid
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57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.

90.

91.
92.

93.
94.
95.
96.
97.
98.

99.

100.

1e1.

102.

103.

kp = .25
period = 600
ki = 0.2
period_minu = period / 60
kd = 0.05
windup = 20.0
#constants
Ci = 0.143 *60.0 #kWmin/oC
Ch = 0.321 *60.0
Ce = 3.24 * 60.0
Cs = 0.619 * 60.0
Rih = 0.383
Rie = 0.909
Rea = 4.47
Ris = 0.115
Al = (-Rie-Rea)/(Rie*Rea*Ce)
A2 = 0.0
A3 = 0.0
A4 = 1.0/(Rie*Ce)
A5 = 0.0
A6 = -1.0/(Rih*Ch)
A7 = 0.0
A8 = 1.0/(Rih*Ch)
A9 = 0.0
Alo = 0.0
A1l = -1.9/(Ris*Cs)
A12 = 1.0/(Ris*Cs)
A13 = 1.0/(Rie*Ci)
Al4 = 1.0/(Rih*Ci)
A15 = 1.0/(Ris*Ci)
A16 = (-(Rih*Ris)-(Rie*Ris) -
21, [A13 Al4, Al5, Al6]])
0.0]])
I =
1D
S = (np.dot(A,A))/2
F=I+A+S
ki = lambda r: (I[0,0] + np.dot(A[@,0],r) +
0,0]
k2 = lambda r: (I[0,1] + np.dot(A[@,1],r) +
1,1]
k3 = lambda r: (I[1,0] + np.dot(A[1,0],r) +
0,0]
k4 = lambda r: (I[1,1] + np.dot(A[1,1],r) +
1,1]
k5 =
)*B[0,0]
ke =
)*B[1,1]
k7 =
)*B[0,0]
k8 =
)*B[1,1]
C1 = quad(kl,0,1)

104.

(Rih*Rie))/(Rie*Rih*Ris*Ci)

= np.array([[Al, A2, A3, A4], [A5, A6, A7, A8], [A9, Ale, All, Al

B = np.array([[1.0/(Rea*Ce), 0.0], [0.0, 1.0/Ch], [0.0, ©0.0], [©.0,

np.ar‘r‘ay([[l, 0, 0, 0]: [e) 1, o, 9], [@, 0, 1, 0]) [9) 0, 0, 1

np.dot(S[0,0],r**2))*B[
np.dot(S[0,1],r**2))*B[
np.dot(S[1,0],r**2))*B[

np.dot(S[1,1],r**2))*B[

lambda r: (I[2,0] + np.dot(A[2,0],r) + np.dot(S[2,0],r**2)
lambda r: (I[2,1] + np.dot(A[2,1],r) + np.dot(S[2,1],r**2)
lambda r: (I[3,0] + np.dot(A[3,0],r) + np.dot(S[3,0],r**2)

lambda r: (I[3,1] + np.dot(A[3,1],r) + np.dot(S[3,1],r**2)

166



105.
106.
107.

108.
109.
11e.
111.

112

7[0], C

113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.

C2 = quad(k2,0,1)
C3 = quad(k3,0,1)
C4 = quad(k4,0,1) #integration from © to 1min (exp(A*r)*B ) dr

C5 = quad(k5,0,1)
C6 = quad(ke6,0,1)
C7 = quad(k7,0,1)
C8 = quad(k8,0,1)
C = np.array([[C1[@], C2[0]],[C3[0], C4[0]], [C5[e@], C6[0]], [C

8[e]1])

last_error
Iy =0
period_min

0

period / 60

#tcalculate the y ratio for this 1@min period
if w>10 or prev==1:
x = Ti[0]

e =w - X # error

de = e

- last_error

dt = 600 #sec
if dt >=period :

if

elif e>=

e>-2 and e<2:
= (kp * e) + 0.5
dt = dt / 60 #dt must be in minutes
Iy += e*dt
if Iy < -windup:
Iy = -windup
elif Iy > windup:
Iy = windup
Iy = Iy * ki
if dt > 0 :
(de / dt) * kd
Iy + Dy

o
<
|

Dy =
y = Py +
ify > 1:

y =1
elif y < 0:
=0

Ll SIS

y:

else:

y =60

last_error = e
else: #if w=10 then AC must be off

y =0

#calculate

timeON = y*

timeON

if timeON<=

timeON

on-off time

period_min #for period min - timeON = timeO$
= round(timeON)

3:

=0

elif timeON>=7:

timeON

= 10

timeON = int(timeON)
timeOFF = int(period_min - timeON)

if timeON!=0:
for 1 in range(1,timeON): # 1 = 1,2,3,..,timeON-1
k=1
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Fh.append(7)

Te.append((F[0,0]*Te[k-1]) + (F[@,1]*Th[k-
(F[0,2]*Ts[k-1]) + (F[0,3]*Ti[k-1]) + (C[@,0]*Ta[k-

(C[0,1]*Fh[k-1]))

Th.append((F[1,0]*Te[k-1]) + (F[1,1]*Th[k-
(F[1,2]*Ts[k-1]) + (F[1,3]*Ti[k-1]) + (C[1,0]*Ta[k-

(C[1,1]*Fh[k-1]))

Ts.append((F[2,0]*Te[k-1]) + (F[2,1]*Th[k-
(F[2,2]*Ts[k-1]) + (F[2,3]*Ti[k-1]) + (C[2,0]*Ta[k-

(C[2,1]*Fh[k-1]))
tempera =

(C[3,1]*Fh[k-1]))

((F[3,0]*Te[k-1]) + (F[3,1]*Th[k-
(F[3,2]*Ts[k-1]) + (F[3,3]*Ti[k-1]) + (C[3,0]*Ta[k-

Ti.append( tempera)
if w>10 and prev==0:

error.
Twant.

elif w<10 and

error.
Twant.

elif w>10 and

error.
Twant.

else:

out = outsidetemp(idloop,tenmin,k)

out =

error.
Twant.

float(out)

Ta.append(out)

#Ta.append(0.0)

if timeOFF!=0:
if timeON==0:
timeOFF =

for 1 in range(1,timeOFF+1): # 1 = 1,2,3,..,timeOFF
k =1 + timeON - 1 # k = timeON + ©,1,2,...timeOFF-

timeOFF -1

Fh.append(0.90)

Te.append((F[0,0]*Te[k-1]) + (F[0,1]*Th[k-
(F[0,2]*Ts[k-1]) + (F[@,3]*Ti[k-1]) + (C[0@,@]*Ta[k-

(C[e,1]*Fh[k-1]))

(F[1,2]*Ts[k-1]) + (F[1,3]*Ti[k-1]) + (C[1,0]*Ta[k-

(C[1,1]*Fh[k-1]))

(F[2,2]*Ts[k-1]) + (F[2,3]*Ti[k-1]) + (C[2,0]*Ta[k-

(C[2,1]*Fh[k-1]))

(F[3,2]*Ts[k-1]) + (F[3,3]*Ti[k-1]) + (C[3,0]*Ta[k-

(C[3,1]*Fh[k-1]))

append( w - tempera) #new error
append(w)

prev==0:
append (9@
append(©
prev==1:
append(©
append(©

append(©
append(©

.0)
.0)

.0)
.0)

.0)
.0)

Th.append((F[1,0]*Te[k-1]) + (F[1,1]*Th[k-

Ts.append((F[2,0]*Te[k-1]) + (F[2,1]*Th[k-

tempera =

Ti.append( tempera)
if w>10 and prev==0:

error
Twant
elif w<1e@
error
Twant

and prev==0:

.append(0.0)
.append(0.0)

((F[3,0]*Te[k-1]) + (F[3,1]*Th[k-

.append( w - tempera) #new error
.append(w)
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204.
205.
206.
207.
208.
209.
21e.
211.
212.
213.

elif w>10 and prev==1:
error.append(0.0)
Twant.append(0.0)
else:
error.append(0.0)
Twant.append(0.90)
#Ta.append(0.0)
out = outsidetemp(idloop,tenmin,k)
out = float(out)
Ta.append(out)

214.

215.
216.
217.
218.
219.
220.

if prev ==1:
for m in range(len(Ti)):
if Ti[m]>w:
minus = 2
tenmin += 1

37. smart_pid_ext.py

30.
31.
32
33.
34.
35.

#!/usr/bin/python

from smart_table import start_point

from smart_compare import compare

from smart_update import update

from smart_thermostat_pid_ext import thermostat_pid_ext
import matplotlib

matplotlib.use('Agg')

import matplotlib.pyplot as plt

. import numpy as np

. import MySQLdb

. import time

. from datetime import datetime

. #start values for thermostat
.Ta = [12.9]

LTi
. Th
. Te
.Ts = [18.9]
.error = [0.0]
.Fh = [0.0]
.Twant = [1.0]
.prev = 0

. firsthere=0
.idloop = @

[18.0]
[18.0]
[13.0]

.smart = start_point() #the first smart table
.days = ['Monday' , 'Tuesday' , 'Wednesday', 'Thursday’,

rday', 'Sunday']
onlyatfirst =0

. for week in range(@,3): #for 3 weeks week=0,1,2

numday = © #num © is monday
for day in days: #for each day of the week

return(Ta,Ti,Th,Te,Ts,error,Fh,Twant,minus,tenmin)

'"Friday',

'Satu

same = compare(smart,numday,day) #check for the day program and

compare to smart
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36. if same == 0: #there are not same (someone made a change at the

schedule)

37. smart = update(smart,numday,day) #call to update the smart
table

38. numday += 3 #for the next iteration (needed for function compar
e)

39. idloop += 1

40. tenmin = @

41. #now is sure that the smart table is ok so flow chart starts

42. for i in range (90,144): #144 periods of 10min in one day(midnig
ht is next day)

43. # STEP 1 check if now there is a program going on

44, #the time now = (i*10)/60

45. hours =1 / 6

46. minutes = (i % 6)*10

47. if hours >=0 and hours <=9:

48. if minutes ==0:

49, timen = '0%s:00:00' %hours

50. else:

51. timen = '0%s:%s:00' % (hours, minut
es)

52. else:

53. if minutes==0:

54. timen = '%s:00:00' %hours

55. else:

56. timen = '%s:%s:00' %(hours, min
utes)

57. print idloop, timen

58. schedule = 0

59. connection = MySQLdb.connect(host = "localhost", user = "pr
oject", passwd="1111", db="project")

60. cur = connection.cursor()

61. cur.execute("SELECT * FROM %s" %day)

62. for row in cur.fetchall():

63. help = str(row[0])[-8:-7]

64. if help != "1" and help != "2": #insert @ at th
e start of time -> 24hour format

65. row @ = str(@) + str(row[0])

66. else:

67. row @ = str(row[@])

68. help = str(row[1])[-8:-7]

69. if help != "1" and help != "2": #insert @ at th
e start of time -> 24hour format

70. row_1 = str(@) + str(row[1])

71. else:

72. row_1 = str(row[1])

73. #ticheck if there is a schedule now

74. if row_© <= timen and timen < row_1:

75. schedule =1

76. next_temperature = row[2]

77. connection.close()

78.

79. if schedule == 1: #now there is schedule so START HEATER

80. #print "TYPE A, time=%s" %timen

81. #call thermostat

82. Tal = []

83. Til = []

84, Thl = []

85. Tel = []
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86. Ts1 = []

87. errorl =[]

88. Fhl = []

89. Twantl = []

90. w = next_temperature

91. prev = 0

92. minus = @

93. Tal, Til, Thl, Tel, Tsl, errorl, Fhl, Twantl,minus,tenm

in = thermostat_pid_ext(Ta[-1],Ti[-1],Th[-1],Te[-1],Ts[-1],w,prev,Fh[-
1],minus,tenmin,idloop)

94. Ta = Ta + Tal

95. Ti = Ti + Ti1l

96. Th = Th + Thl

97. Te = Te + Tel

98. Ts = Ts + Tsl

99. error = error + errorl

100. Fh = Fh + Fhl

101. Twant = Twant + Twantl

102. if float(Twant[-11]) != float(Twant[-
1]) and float(Twant[-11]) <= 10: #first time we run this schedule

103. timestart = datetime.strptime(timen, '%H:%M:%S’
) #time that the schedule started

104. Tempstart = Ti[-11]

105. onlyatfirst = 1

106. if Ti[-11] > Twant[-
1]+1: #error must be negative

107. onlyatfirst =2

108. if Ti[-1]>=Twant[-
1] and onlyatfirst==1: #we can calculate smart time

109. onlyatfirst=0

110. forlast=1

111. timestop = datetime.strptime(timen, '%H:%M:%S')

112. smartdif = str(timestop - timestart)

113. help = smartdif[-8:-7]

114. if help != "1" and help !=
"2": #insert @ at the start of time -> 24hour format

115. smartdif = str(@) + str
(smartdif)

116. else:

117. smartdif = str(smar
tdif)

118. #calculate how much minutes smartdif is

119. timeadd = ©

120. if int(smartdif[:-6]) != 0:

121. timeadd += int(smartdif[:-6]) * 60

122. if int(smartdif[-5:-3]) !=0:

123. timeadd += int(smartdif[-5:-3])

124. #update error on smart table

125. test = numday-1

126. testl = numday-2

127. test2 = numday -3

128. columns = smart.shape[1]

129. for s in range(columns):

130. if day=='Sunday' and smart[18][s] == str(ti
mestart)[-8:]:

131. help = int(smart[19][s]) + int(smart[20
1sD

132. smart[19][s] = str(help)
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133. smart[20][s] = str(timeadd)

134. elif smart[test2][s] ==str(timestart)[-
8:]:

135. help = int(smart[testl][s]) + int(smart
[test][s])

136. smart[testl][s] = str(help)

137. smart[test][s] = str(timeadd)

138. # STEP 2 find when the next schedule will be

139. else: #schedule ==0 so no programme now

140. T ="04:00:00'

141. timenn = datetime.strptime(timen, '%H:%M:%S')

142. connection = MySQLdb.connect(host = "localhost", us
er = "project", passwd="1111", db="project")

143. cur = connection.cursor()

144. cur.execute("SELECT * FROM %s" %day)

145, for row in cur.fetchall():

146. help = str(row[@])[-8:-7]

147. if help != "1" and help = "2": #insert 0 at
the start of time -> 24hour format

148. row_ @ = str(0) + str(row[0])

149. else:

150. row_© = str(row[0])

151. row_00 = datetime.strptime(row_0, '%H:%M:%S")

152. if row_00 > timenn:

153. dif = str(row_00 - timenn)

154. help = dif[-8:-7]

155, if help != "1" and help != "2": #insert 0 a
t the start of time -> 24hour format

156. dif = str(0) + str(dif)

157. else:

158. dif = str(dif)

159. if dif <= T:

160. T = dif

161. next_schedule = str(row_09)

162. next_schedule = next_schedule[-8:]

163. next_temperature = row[2]

164. flag =0

165. connection.close()

166. #tcheck if the next schedule comes in the next day

167. if str(timen) >= '22:00:00' and T > '02:00:00':

168. if day == 'Monday':

169. next_day = 'Tuesday'

170. if day == 'Tuesday':

171. next_day = 'Wednesday'

172. if day == 'Wednesday':

173. next_day = 'Thursday'

174. if day == 'Thursday':

175. next_day = 'Friday'’

176. if day == 'Friday':

177. next_day = 'Saturday’

178. if day == 'Saturday':

179. next_day = 'Sunday'

180. if day == 'Sunday':

181. next_day = 'Monday'

182. connection = MySQLdb.connect(host = "localhost"
, user = "project", passwd="1111", db="project")

183. cur = connection.cursor()

184. cur.execute("SELECT * FROM %s" %next_day)

185. for row in cur.fetchall():
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186. help = str(row[0])[-8:-7]

187. if help != "1" and help != "2": #insert 0 at
the start of time -> 24hour format

188. row_0 = str(@) + str(row[0])

189. else:

190. row_0 = str(row[0])

191. if row_ 0O <= '02:00:00":

192. row_00 = datetime.strptime(row_0, '%H:%M:
%S")

193. dif = str( row_00 - timenn)

194. dif = dif[-7:]

195. dif = str(0) + str(dif)

196. if dif <= T:

197. T = dif

198. next_schedule = str(row_09)

199. next_schedule = next_schedule[-8:]

200. next_temperature = row[2]

201. flag =1

202. connection.close()

203.

204. # STEP 3 check if T <= 2

205. if T > '02:00:00': #no heaters

206. next_temperature = 0

207. #call thermostat

208. Tal = []

209. Til =[]

210. Thl = []

211. Tel = []

212. Tsl = []

213. errorl =[]

214. Fhl = []

215. Twantl = []

216. w = next_temperature

217. prev = 0

218. minus = @

219. Tal, Til, Thl, Tel, Tsl, errorl, Fhl, Twantl,mi

nus,tenmin = thermostat_pid ext(Ta[-1],Ti[-1],Th[-1],Te[-1],Ts[-
1],w,prev,Fh[-1],minus,tenmin,idloop)

220. Ta = Ta + Tal

221. Ti = Ti + Ti1l

222. Th = Th + Thl

223. Te = Te + Tel

224. Ts = Ts + Tsl

225. error = error + errorl

226. Fh = Fh + Fhl

227. Twant = Twant + Twantl

228.

229. else: #T <= '02:00:00' so check if heaters must go
on

230. # STEP 4 find how much time before it has to st
art

231. if day=='Sunday"':

232. numday= 18

233. test = numday-1

234. testl = numday-2

235. test2 = numday -3

236. columns = smart.shape[1]

237. for s in range(columns):

238. #s = int(s)-int(1)
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239. if day=='Sunday' and smart[18][s] == next_s
chedule and flag==0:

240. if smart[20][s][:1]=="-":
241. Tpro = int(smart[19][s]) -
int(smart[20][s][1:])
242. else:
243, Tpro = int(smart[19][s]) + int(smar
t[2e][s])
244, smart[19][s] = str(Tpro)
245, smart[20][s] = str(9)
246. elif smart[test2][s] == next_schedule and f
lag==0:
247. if smart[test][s][:1]=="-":
248. Tpro = int(smart[testl][s]) -
int(smart[test][s][1:])
249, else:
250. Tpro = int(smart[test1][s]) + int(s
mart[test][s])
251. smart[testl][s] = str(Tpro)
252. smart[test][s] = str(0)
253.
254, elif day=='Sunday' and flag==1 and smart[Q]
[s] == next_schedule:
255 if smart[2][s][:1]=="-":
256. Tpro = int(smart[1][s]) -
int(smart[2][s][1:])
257. else:
258. Tpro = int(smart[1][s]) + int(smart
[21[sD)
259. smart[1][s] = str(Tpro)
260. smart[2][s] = str(@)
261.
262. elif smart[numday][s] == next_schedule and
flag==1: #other days with flag==1
263. test = numday +1
264. testl = numday +2
265. if smart[testl][s][:1]=="-":
266. Tpro = int(smart[test][s]) -
int(smart[testl][s][1:])
267. else:
268. Tpro = int(smart[test][s]) + int(sm
art[testl][s])
269. smart[test][s] = str(Tpro)
270. smart[testl][s] = str(Q)
271.
272. # STEP 5 if the time measure is less than time
to next schedule do nothing
273. Tpro_hrs = Tpro//int(60)
274. Tpro_mins = Tpro%int(60)
275. Tpro = "%s:%s:00" % (str(Tpro_hrs), str(Tpro_mi
ns))
276. Tpro = datetime.strptime(Tpro, '%H:%M:%S') #mak
e minutes in time format
277. Tpro = str(Tpro)[-8:]
278. if Tpro < T or Tpro==0: #no need to open heater
s yet
279. next_temperature = 0
280. #call thermostat
281. Tal = []
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282. Til = []

283. Thl = []

284. Tel = []

285. Tsl = []

286. errorl =[]

287. Fhl = []

288. Twantl = []

289. w = next_temperature
290. prev = 0

291. minus = @

292. Tal, Til, Thl, Tel, Tsl, errorl, Fhl, Twant

1,minus,tenmin = thermostat_pid_ext(Ta[-1],Ti[-1],Th[-1],Te[-1],Ts[-
1],w,prev,Fh[-1],minus,tenmin, idloop)

293. Ta = Ta + Tal

294. Ti = Ti + Til

295. Th = Th + Thl

296. Te = Te + Tel

297. Ts = Ts + Tsl

298. error = error + errorl
299. Fh = Fh + Fhl

300. Twant = Twant + Twantl
301.

302. else: # Tpro >= T so heaters must go on
303. # STEP 6

304. Tal = []

305. Til = []

306. Thl = []

307. Tel = []

308. Tsl = []

309. errorl =[]

310. Fhl = []

311. Twantl = []

312. w = next_temperature
313. prev = 1

314. minus =1

315. Tal, Til, Thl, Tel, Tsl, errorl, Fhl, Twant

1,minus,tenmin = thermostat pid ext(Ta[-1],Ti[-1],Th[-1],Te[-1], Ts[-
1],w,prev,Fh[-1],minus,tenmin,idloop)

316. Ta = Ta + Tal

317. Ti = Ti + Til

318. Th = Th + Thl

319. Te = Te + Tel

320. Ts = Ts + Tsl

321. error = error + errorl

322. Fh = Fh + Fhl

323. Twant = Twant + Twantl

324. if minus == 2 and firsthere==0: #we have ne
gative error

325. minus = 3

326. timenow = timen

327. firsthere=1

328. next_sch = datetime.strptime(next_schedule,

"%H:%M:%S ")

329. timen = datetime.strptime(timen, '%H:%M:%S’
)

330. smartdif = str(next_sch - timen)[-8:]

331. help = smartdif[-8:-7]

332. if help != "1" and help != "2": #insert 0 a

t the start of time -> 24hour form$
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333. smartdif = str(0) + str(smartdif)[-
7:]

334. else:

335. smartdif = str(smartdif)

336. if firsthere==1 and smartdif == "00:10:00":
#last time in this section

337. minus = @

338. firsthere=0

339. #calculate time to sub

340. timenow = datetime.strptime(timenow, '%
H:%M:%S")

341. smartdif = str(next_sch-timenow)

342. help = smartdif[-8:-7]

343, if help != "1" and help = "2": #insert
@ at the start of time -> 24hour format

344, smartdif = str(0) + str(smartdif)[-
7:]

345, else:

346. smartdif = str(smartdif)

347. #calculate how much minutes smartdif is

348. timesub = ©

349. if int(smartdif[:-6]) != @:

350. timesub += int(smartdif][:-
6]) * 60

351. if int(smartdif[-5:-3]) !=0:

352. timesub += int(smartdif[-5:-3])

353.

354. #update error on table

A5, test = numday-1

356. test2 = numday -3

357. columns = smart.shape[1]

358. for s in range(columns):

359. if day=='Sunday' and smart[18][s]
== next_schedule and flag==0:

360.

361. help = int(smart[20][s]) -
timesub

362. smart[20][s] = str(help)

363. elif day=='Sunday' and smart[@][s]
== next_schedule and flag==1:

364. help = int(smart[2][s]) -
timesub

365. smart[2][s] = str(help)

366.
elif smart[test2][s] ==next_schedule and flag==0:

367. help = int(smart[test][s]) -
timesub

368. smart[test][s] = str(help)

369. elif smart[numday][s] == next_sched
ule and flag==1: #other days with flag==1

370. testl = numday +2

help = int(smart[testl][s]) -

timesub

371. smart[testl][s] = str(help)

372.

373. #PLOT

374. times= []
375. timess = len(Ti)
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376.
377.
378.
379.
380.
381.
382.
383.
384.
385.
386.
387.
388.
3),
389.
3)s
390.
3),
391.
3)s
392.
3),
393.
3)s
394.
3),
395.
396.
397.
398.
399.
400.
401.
402.
403.
404.

for s in range(timess):
times.append(s/60.0)

ttaxes = plt.gca()
ttaxes.set _x1im([0,170])

#fig,ax = plt.figure

fig, ax = plt.subplots()
ax.set_x1im(0,168)
ax.set_xlabel('time(h)")
ax.set_ylabel('Temperature(oC)")

ax.annotate('Monday',xy=(0,0), xytext=(-5,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate('Tuesday',xy=(24,0), xytext=(19,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate( 'Wednesday',xy=(48,0), xytext=(43,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate('Thursday',xy=(72,0), xytext=(67,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate('Friday',xy=(96,0), xytext=(91,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate('Saturday',xy=(120,0), xytext=(115, -
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate('Sunday',xy=(144,0), xytext=(139,-
arrowprops=dict(facecolor="'black',shrink=0.05))
lc = plt.plot(times,Ti, 'b-',label = "Inside Temperature")

la = plt.plot(times,Ta, 'm-',label="0Outside Temperature")
1n = plt.step(times,Twant, 'k-',label="Programme")

1d = plt.plot(times,error,'r-',label="Error")

1f = plt.step(times,Fh, 'g-',label="Power of Heaters")

#le = plt.plot(times,Th,'y-"', label = "Heaters Temperature")
lg = ax.plot(times,Te, 'c-',label="Envelop Temperature")

#1m = plt.plot(time,Ts, 'k-', label ="Sensor Temperature")
11 = plt.title('ON-OFF smart thermostat pid weekl')
plt.legend(loc=3, bbox_to_anchor = (0.,-

0.2, 1., 1.102), mode="expand",ncol=3)

405.
406.
407.
408.
409.
410.
411.
412.
413.
414.
415.
3)»
416.
3),
417.
3),
418.
3),
419.
3),
420.

3),

figure = plt.gcf()

figure.set size inches(16,8)
plt.savefig('./smart_ON-OFF_pid_ext.png',bbox_inches="tight")
plt.show()

fig, ax = plt.subplots()

ax.set x1im(168,336)
ax.set_xlabel('time(h)")
ax.set_ylabel('Temperature(oC)"')

ax.annotate( 'Monday',xy=(168,0), xytext=(163,-
arrowprops=dict(facecolor="'black',shrink=0.05))
ax.annotate('Tuesday',xy=(192,0), xytext=(187,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate( 'Wednesday',xy=(216,0), xytext=(211,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate('Thursday',xy=(240,0), xytext=(235,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate('Friday',xy=(264,0), xytext=(259,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate('Saturday',xy=(288,0), xytext=(283,-
arrowprops=dict(facecolor="black',shrink=0.05))
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421.
3)s
422.
423.
424.
425.
426.
427.
428.
429.
430.
431.
432.

ax.annotate('Sunday',xy=(312,0), xytext=(307,-
arrowprops=dict(facecolor="black',shrink=0.05))

lc = plt.plot(times,Ti, 'b-',label = "Inside Temperature")

la = plt.plot(times,Ta, 'm-',label="0Outside Temperature")

1n = plt.step(times,Twant, 'k-',label="Programme")

1d = plt.plot(times,error,'r-',label="Error")

1f = plt.step(times,Fh, 'g-',label="Power of Heaters")

#le = plt.plot(times,Th,'y-"', label = "Heaters Temperature")
lg = ax.plot(times,Te, 'c-',label="Envelop Temperature")

#lm = plt.plot(time,Ts, 'k-', label ="Sensor Temperature")
11 = plt.title('ON-OFF smart thermostat pid week 2")
plt.legend(loc=3, bbox_to_anchor = (0.,-

0.2, 1., 1.102), mode="expand",ncol=3)

433.
434.
435.
436.
437.
438.
439.
440.
441.
442.
443.
3)s
444.
3)s
445.
3)s
446.
3)s
447.
3)s
448.
3)s
449.
3)s
450.
451.
452.
453.
454.
455.
456.
457.
458.
459.
460.

figure = plt.gcf()

figure.set_size_inches(16,8)
plt.savefig('./smart_ON-OFF2_pid2.png',bbox_inches="tight")
plt.show()

fig, ax = plt.subplots()
ax.set_x1im(336,504)
ax.set_xlabel('time(h)")
ax.set_ylabel('Temperature(oC)")

ax.annotate( 'Monday',xy=(336,0), xytext=(331,-
arrowprops=dict(facecolor="'black',shrink=0.05))
ax.annotate('Tuesday',xy=(360,0), xytext=(355,-
arrowprops=dict(facecolor="'black',shrink=0.05))
ax.annotate( 'Wednesday',xy=(384,0), xytext=(379,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate('Thursday',xy=(408,0), xytext=(403,-
arrowprops=dict(facecolor="black',shrink=0.05))
ax.annotate('Friday',xy=(432,0), xytext=(427,-
arrowprops=dict(facecolor="'black',shrink=0.05))
ax.annotate('Saturday',xy=(456,0), xytext=(451,-
arrowprops=dict(facecolor="'black',shrink=0.05))
ax.annotate('Sunday',xy=(480,0), xytext=(475,-
arrowprops=dict(facecolor="'black',shrink=0.05))

lc = plt.plot(times,Ti, 'b-',label = "Inside Temperature")

la = plt.plot(times,Ta, 'm-',label="0utside Temperature")

1n = plt.step(times,Twant, 'k-',label="Programme")

1d = plt.plot(times,error,'r-',label="Error")

1f = plt.step(times,Fh, 'g-',label="Power of Heaters")

#le = plt.plot(times,Th,'y-"', label = "Heaters Temperature")
lg = ax.plot(times,Te, 'c-',label="Envelop Temperature")

#lm = plt.plot(time,Ts, 'k-', label ="Sensor Temperature")
11 = plt.title('ON-OFF smart thermostat pid week3')
plt.legend(loc=3, bbox_to_anchor = (0.,-

0.2, 1., 1.102), mode="expand",ncol=3)

461.
462.
463.
464.

figure = plt.gcf()

figure.set size inches(16,8)
plt.savefig('./smart ON-OFF3 pid3.png',bbox _inches="'tight")
plt.show()
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