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ABSTRACT

This project presents the development of a system for measuring and
monitoring electricity usage. The electricity consumers can check and monitor current,
voltage, frequency, power factor, energy efficiency, and the cost of home electrical
equipments through the developed system Network electricity meters can be
collected and traceable. With the developed program, it is designed using NodeMCU
ESP8266, connected to the module PZEM-004t according to the 0T (Internet of Things)
concept, which can view home electricity usage data through the web page and also
the design at a reasonable price. As a result, the consumers are convenient to monitor
their own electricity consumption behavior, and able to manage electricity usage in

order to reduce wasted electricity consumption.



AnmnssuUsEnA

Usyaninusatuildndaadlulaied Lﬁaqmﬂlﬁ%’uﬂaWMﬂ§mﬂaEquqqLLasﬁWLLusﬁﬂ
210 3959087 Yanagiiumi enansefiusnuilunisiilassnunsed uasensasmed dae
o] er9nsimeslifuuzihinwnaenauuiulsuiludeunndessineg femnueilald
0819789 {nThmsE M TanuRelaTi LAY ATNANYB987191E LAY TBNTIVTDUNTLAN
Huogageld o A

YDUBUAR 3F.A5.2TIUR INTIHEIEA 919195 TiRRsguatinAnymnaueluniAiY
JEUUAIUAY LLazﬂasJLﬁﬁauﬁLLazﬁﬂLLuzﬁﬂﬁLﬁuﬂssiasuuﬂlumiﬁw Usyaiinudased uas
vovaunmdnthiigsnmslunsdanisienans Tumadnaildarelumsiitendsd s
o nmdui W withiiflguaaeuiiuazgunsaiflfluntsviauedsd

vihefgaveveunszandni u1snn waziiouq Mbudddauazresdiemasiunng
Fruefiaueun §inhmiadueddainuiteatuiandulsslovideriiauls itetn
wnAnluuszgndldlusurdedunuimsdunsfnyifisdudely

ANZEAAYIY

WIlung uasases

INAL Prawny



R

UTIARED 1evvrvvesessessesssssessssssesssssessssssesssssesssssessssssesssssessssssasssssessssssssssssesssssssssssssssssssssssssssssesssssnns I
ABSTRACT c.ccrteeeereerrereereteeeeeseesseessetssstssssesseessssssnsssnsssssssssasssassasssssssssesssessasssasssnsssnsssnsesssass Il
AN TTUUTEN I oottt sees st s bbb s s e bbb s s e bas s b s s s e basbanes I
FITTURY crvvvrrreesessssessssssssssssessssssssssssssssssesssssssssssesssssessssssssssssesssssesssssesssssessssssssssessssnessssssssssns \%
BVTUBITU e vrvvreeemmsneeeseemssssssssseesesssssssssssseesssssssssssssseessssssssssssnessssssssssssssnesessssssssssssnnesssssssssses VIl
UTTE 1 UTIY ceereeneeeseeeseneeesesssseneesssssseessesseesseeseesseesseessesssssssessesssesssssesseessssssesssesssssnessees 1
1.1 A dunuas AUE AU IUSAITINUS ... e 1
1.2 T0QUTEAAYBIUTUITNUS i 2
1.3 VOULURUBILATIMU oot seeee et 2
18 FURDURITA TN oot 2
1.5 USE VLTI TIILIITU s ssstes st s ser s e 2
1.6 S18ABDUAVDIUTEUIIINUS ..ot e et s 3
UNT 2 MOURTREUIG oo et 4
2.1 WUGTUITATIRIFRU oottt 4
2.1.1 AnauURvednann 1 ansEha AN TEUAREU. oo 5

2.2 AN AU NI e e oo oottt 7
2.2.1 ATMIHAUSEUANT Looso oottt 7
2.2.2 AVHTVRUIUT (Pt ett e 8
2.2.3 PABAAWTYN (VAT) T%0.cero ot 9

2.3 Message Queuing Telemetry Transport (MQTT) ..o, 9
2.0 FITEDASE ..ttt 10
2.5 NETPIE 2020 ... .ottt ettt b et s ettt s e ene e 11
2.6 NOAE-RE.......ieiies et 12
2.7 JSON (JavaScript Object NOtatioN) . ..o 13



#1508y (#i9)

R
UNTE 3 I B NNTA IR oo senereeesnessessnsseessesessessssssesssssesssssssessssssssssssssnesssessnee 15
3,1 GURBUATITIUIIU 1o 15
3.2 QUATAITIABITO e 15
3.2.1 PZEM-004T AC Digital Power Energy Meter Module Tugainnis Tawasnu
TINTY .o 15
3.2.2 NodeMCU ESP8266 V3 Lau WiFi ..ot 17
3.2.3 AC-DC HLK-PMO1 ImQaLLUaa"LW 220V 10 BV, 18
3,20 LUSAABSINTY 20A. ettt 19
3,3 ONFWITTURLITI oot es st 19
33,1 ArdUINO IDE <. et 19
3.3.2YNETPIE 202088 =7 SO B/W 7 /[N WA\ NI TN EL L NN 20
3. 3030 iTebas . el .l N g e /. &2\ o /AN L0 I oo X 20
3,58 Node-Hedrevey. a2V, TG . \NLC. vt Lot R, 20
3.4 NIFODNWUULAZATTININUATIVIN U Lo sossse et 21
3.4.1 N1990ALUULAENITVIHUN TN TUIIAUAT. oot 21
3.4.2 N1900NLUULAZATITIIHUN IO TUIBWALIT oo 21
B3 AW T AU TEUU ittt ettt et oot e s e a e e e s e et et eaeeae st e st s eseereete s e s eseereanas 21
3.5 ATNNTAUEUNNT oot ettt oottt 22
3.5 1 NV TVIARDULTUID T o oovvveoeooeeeeeeeeeeeee oo ettt es e 22
3.5.2 Nsawuweskaraunsalingg duveinlulaspaulnsaiaas ESP266........... 24
3.5.3 nseenuuunsilisulisinsulilasaoulnsalaos ESP8266. ... 25
3.5.4 NM30NWUUNITHARINATONANITITINT. .o 26
3.5.6 M REUTUTUATUIU ArdUING IDE.ooooooooooooeoeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 26
I ARV U NI e 1= 70 N 33
3.5.8 TAUMWIU FITEDASE ovvoooooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e eeeeeee s eeeeeeeeeeeeeeeee 34
3.5.9 WHWIU NOGE-REU. ..o 34



#1508y (#i9)

v

il

UNIT G WANTTVINDD T eeeveeereereeeereeeeeereeeesessssessessssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 35
4.1 WHURINISYINUYDITEUULATo RS NN IS anerud umosinueassnas. ... 35
4.2 HANITOONLUUNAUNLAAINANTIUY NOTE-RED e 35
4.2.1 MIUARINAAIALU MQTT broker 91 Netpie.........ooovvooooooooeeeeeoceeeeeeeeeeeeeeeeeeee 35
4.2.2 Mswanaran1saei lUAUTUgINTRYaN Firebase. ... 36
4.2.3 Node-Red LUADAU Netpie WAZ FIrebDase. ... 37

4.3 NANNTASIATOTIANIBI T o e 38
8.8 NANTUAMITBYBHIUITIIU oot s 38
UNT 5 SFUNANITANHUITUUAZUBLEIUBUUL cocovovveceeiasessisiccsreenenssesisesisesssssssaseesessessssssens 40
5.1 AFUNANITA MU e bbb et 40
5.2 Yoy az QUasTALUNITAMIUI e st snsreaes 40
5.3 WUV ITWALITUM oottt e et a1
wNEPReaY .. A\ g LTI Al S N bl 2 e B 42
MANURN. ... ST AN S s Soeeatmama & AN~ 43
ANANUIN N Imga PZEM=OO0LT=TO0A .ot e et st e e e e e e e eeneeas a4
AVABNUIN U UBTO ESPB266. oo 51
ANANUIN A ITNSLUETINY FIreDase bUBIAU. ..o oeeoeoeeeeeeeeeee oot 54
AMANUIN 3 ITNITINGINU NETPIE2020 LUBIAU.oveeoeeoeeeooeeoeeeeee et 58
AARUIN D ITNITVLTINU NOAE-REA LUBIAU oot eee 61
AARUIN 2 TUSUATUAIUANN TV IUNAZATTRARAIN - ovvrreeee oo 67

Vi



]
=1

JU v
2.1 T NUUDIATUTERVITHE oo eeeee e 4
2.2 HanBaUAUDIBINTLUALaTISIIUTLINAAMS T L UUR IR TUN U e 5
2.3 NARDUAUDIVDINTEUALAZLIIAUVDIIAAAUUUTUOATIN oo 6
2.8 HAREUALBSITULAEN T2l UIVAAT LT e 7
2.5 VT T ettt ettt ettt ettt ettt ettt et ettt et ene e eteneas 9
2.6 AANNTTVINITU MQT T oo 10
2.7 FITEDASE ettt ettt ettt 10
28 NETPIE <.ttt ettt ettt et ne et teae et eneeaea 11
2.9 NSUARIHAKALAIUANNITHNIUYDIQUATAUINIY DAShDOAIT .vvvverevecrrevcrrrsecrrnn 12
210 NOAE-RE ...ttt ettt ettt 12
2.11 1158579 FLOW 11 NO@-REA ... 13
2.12 JSON (Javascript Object NOTATION) vttt 13
3.1 PZEM-00GT-T00A <. oottt et e e re et e ereeneeneenes 15
3.2 WNURIIDT PZEM-00GT-T00A .. oooovoo ittt et 16
3.3 NOAEMCU ESPB266 ...ttt 17
3.0 ANWUZUY PIN UDI NOTEMCU ESPB266 ... oo es st s ese s seeseeseeenees 18
3.5 TUAAMUBIIN 220V 0 BV ...rooieierivssssesbes sttt bt et 18
3.6 LUTANDTINTHY 20A st sesseeseessosest e ettt 19
3.7 ArdUIROLBE ... amh L L o NN e e e e e S M e el B 19
3.8 MIYOUAD NETPIE $38nNTIE NOGEMCU. ..ottt e 20
3.9 MITOUAD FIrebase f1U NOUEMCU oot oeeeeseeseees et sess oo 20
3,10 NOAE-REU ...ttt ettt ettt ene 21
311 AIWTIUTEUU oo oot eeete e ettt 22
3.12 M3seluga PZEM-004T-100A fuuaialulasaaulvsalaas ESP8266.....ne. 23
3.13 NANITNAADULTULYDS PZEM-00GT-L00A ..... . ooevceiooeeeeoeeeeeeeeseseeeeeeeseeeeeseeeeeeesesseeeeseeens 23
3.16 MIADIULDTUATRUNTUANGAY ESPB266....occvecvecveereerseeenneseennnes e 24
3.15 HamsvageUMIB AU SilaseugUnsaine 9 uazivan ... 24
3.16 Flowchart U89LUSWATH ArdUINO IDE ... 25
3.17 Flowchart ANSIIUUL NOAE-RE ... 26
3.18 ULIANLUTUATH ArAUING IDE (1) oo eeseeeseeeeeeesees e 27
3.19 TUTWATH ArAUING IDE (2) oo 27
3.20 TUTUATH ArAUINO IDE (B) covvoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee oo eeeees s s sesseeee 28
3.21 TUSHATU ArAUING IDE () covvvooooeeeeeeeeee oot er oo 28
3.22 TUTWATH ArAUINO IDE (5) w.ooooeoeeeooeeeeeeeeeeeeeeeee e 29
3.23 TUSUATU ArdUine IDE (6) oo 29
3124 54058 ArduinedPE R cationat- vse-onby.-not-akllowed-for-commmercal -t 30

Vil


file:///C:/Users/dell/Desktop/Doc_Project/project/เล่ม%20thesis%20ยังไม่สมบูรณ์.docx%23_Toc72099329

d135UysyU (i)

Ul vl
3.25 TUTUWATU ArAUINO IDE (8) covveeeoeeeeeeeeeeeeeeeeeee e ese s ses e 30
3.26 TUTWATH ArdUINO IDE (9) w.ooooveoeeeoeooeeeeeseeee e 31
3.27 TUSWATH ArdUINO IDE (10) .ccooooeeeeeooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesesosooos e 31
3.28 TUTUATU ArAUINO IDE (11) oo ees e eese e eeseeee 32
3.29 TUTWATH ArdUINO IDE (12) ooooeeeeoeoeeeeeeeeeeeeeeeee e 32
3.30 TUSWATH ArdUINO IDE (13) coeoeeeeeeooeeeeeeeeeeeeeeee e 33
3,31 WU NETPIE2020 o eeeoeeeeeeeeseeeeeeeeee e 33
3.32 AU FINEDASE. ....oooo oot oeeeeeeeeoe ettt oo 34
3.33 %111 CMD LUATTIIU NOJE-RET ...t 34
4.1 uwnudsnsvhauressuunsesiardalniilan i umne fidnue@ssna ... 35
4.2 whenauanmanI T denreuaIanIATaYALUUISON U84 Netpie 2020 ................. 36
4.3 WanstoyanITANEINSTONHOVDS FIEbASE it 36
4.4 wanstoyaignase T AUTaYAULEUTONA o 37
4.5 LLamﬁagisamg’m%’azﬂaﬁlugUqumm oV el ]y AT OO 37
0.6 WP FLOW YAAIEIANUDS NOOETEA . oot 38
R R TR T 1 R e R s 38
4.8 Dashboardluadiunednosvatn3osIamaaliiETINGT e 39
4.9 Dashboard luguresdeyandsnudoundmwoneiosiniadwinasswads ... 39

Vil


file:///C:/Users/dell/Desktop/Doc_Project/project/เล่ม%20thesis%20ยังไม่สมบูรณ์.docx%23_Toc72099359

unil 1
UNUI

1.1 anuduuinazanudAyvasudyyiinus

Jagtunuinfanssusneg Tuddnuszdriuvesuywddndudeddndsnuluindusd
10 o1y MslEndsnulninlunsdunng WensUszneusms sruneaNazAIN
viousinssiafiomnutuis Wudu ddufenanldimdsnulnindudsniued, o
dwfuuned udodslsAnuduinsuiuiifagAugu dduiv dwdiu vie Ane
s39uv1R - Aanansnthanuussiduwvdsidandanulii i dunduiiviinuenas Wiuld
nluiligtulssmalnesudufesdsdondanulnwihnnussmmiioudy wasdaduuald
simdentheganniuluowian uenanismuitanmaddguszniamidunisldliiives
avdndlug Ade n1saviasuesdundoinsusgndandsanulail lnsanizeg1adanisld
gunsallulianniueusudy wasnsdegunsallifiafisilnglisudy denelfiAnnis

(2
a

Audemasnulnindusgian
msUsendandsnuiifazdesudloidunaaonisldnuveldlin uasdoslsiviili
WU iuEIaUsys Tureusazauantosasyasly tWumsuszndann “druiu
vosnsliTiaUszsi” vie “woRnssuvdemnnasdufinelhannslindinuduudes”
uaﬂmm’fmimwaaumﬂ%lvxlﬂwaﬂqﬂmaiﬁme]msiuﬁ’wwfu WlddnIngaviagluns
nyavaeu lagiiliawnsausuiiugunsalindedddlniihindnislowdsnudiiaund vdegande
wdauldanntesdodla wu naidaiaauiicly Sinteddlihildonanin Feluausse
LLé"JﬂwﬁNé]’umé'nfmﬂLﬁ’lijLLu'ﬂﬂuﬂ'rﬂ%’wé’mulvxlﬂwmaiuﬁwuiéf LS1EIN TOIATIEN
wazsunulunIsdnnisaungsnulaegediusz@nsnw ﬁdﬁUﬂﬂia@ﬁmuwﬂﬁiq@Lﬁa
wdsnulnihaglutubu Sndusesideyanislindsemilai-lusas fu
Faunnmguasna1disy fiaindduunfnlumsosnuuukasimunasnsssuuns
avainuazuanssanmslindanuliinlfanerudumesidnuesaswds ilauseiulndia e
nszualwiinlvasiugunsaiuniesiiiodln didslniin d1 Power factor AAmdnazen
wasulnil wndiausaiusaznseualiilvaniuunnifuld Aanunsesuildedesinga
wagaunuu lvaunsalldegagnisamnzay mszddavdinsuansaruiiuleduuy
nanass fsenansagnislindanulaihuuudeundsldmieuuansdluiiuuunasnnai
lalfinsedltlningnie duavtodudoyalunsdnnistunsléwdsauliinie luduls
FeagiliusendaaldeuasUssndandsnulninlduntu uddangtivniiennas
Anturnanudsmeresgunsainieluededluihdndae



1.2 InQUszaAvaUTyinug

1. sonuuvassszuUeSasiatasinilSanssudumesdidnvesassnds Woanusatn
Anszualiiin Ausadulnii fdsludia dranud 1 power factor wazAWEwwle

2. mmmﬁwmmﬂLﬂ‘%'aai’mﬁwé'ﬂw%iml,ammaLLazmaﬁ]aau%yjamﬂﬁ’ﬂﬂﬁﬂﬁasﬁq
sowflewunindulesiilsesnuuuls

3. @ansauansAgounaanisienaa i veasar JulasiufenisuananisauIua L
Alundazads

1.3 YaULUAYDILATINU

1. Anwisnnslinuveasuwes uazaunsaididnnsedndiiAeades

2. AnwlusTnroauazlusunsuiitnlduszanana

3. Anwiulednoglflunsuanwadoyavesadosialui

4. sonuuuTsmaiAudeyasuaguuuuiaylfuanmasiusyuuBumesidn

1.4 YUABUNITANUUIIY

1. Anwiduaimguiuazienaisiifisaie

2. Anwndnmsveaugesiagthuly

3. gENUUUKAYIINUNITAS10ASaYinfde i wavssuuBumedidnvasassnas

4. Faimuigasiargunanisng

5. naaeutruigeSthulduasiuSsuiisuiumuimesdniasy

6. Fuulsunsuiieligumesansasumlniisnegisidoenis

7. Waulvsunsunsasenannaueesluds NETPIE2020 wazdsanndasnulwillull
U Firebase ieldlunmaiiudeya

8. PBALUUKAYE31S Dashboard Tunsuansaualaaly Node-red Wusasumain
NETPIE2020 wag Firebase

9. a¥ayrgunsalmunuLTinausuld

10. vedevgUnIninIaTv iakaznadeumsthenduuuuledmuioonuuuly
wSauraudledgmiteslutuneunisnageu

11. @5UNaLazInYenaNTTe9UNIsIY

1.5 Usglagvunaininazlasu

1. anunseadsyuuasesiaiaslniilaenudumesidnveassnds waslidinig
uananan Ut IuleAle

2. ansagdeyanislindsonlnihaeluthuldmaeatisaiidesnisasiaaey
HuUsTUUBUmBSLN

3.a1sagAnsimasiiiihdounddlauaganlnmuiaias



1.6 918a8AVaIUIYY NS

£
v

& P ' a a ¢ ~ 9 ~
Wenazgnanluliyyrdnusatuidusznounas 5 Un wag 4 AMANUIN Gl
eazunnanalull
d' o [~ 1 = d‘ a a & o 3 ) a
uni 1 unid WunisnanfsiunvesdSyarfinus Jngusvasdveinisinusyan
TWuS VaUAVBIlATINU TUMDUNITATEUINY Uselesunaininaslasulassieasidunuad
USeyaiinus
~ a Y] ¢ va o P & A a
unil 2 nged) ¥ann1s gunsal wazanuImingrtesluniseaniuy lWunisisLay
AnuIngeuaranuiilalugunsalineg Aeuazisunisvilaseu
YN 3 TunauN1sALELIU WUN15eSUNeTunUNISYNTuulasasdeandlunig
F1SALITATTONALS
cl' o a I~ ) d' [ o v
UN 4 Nan15aIUIY LUNISHEARSHANISYNUYDI T2 UULA T ARSI WA 1S
A8HUD UMDY IATINES
a ) = -y o a a Y]
UNY 5 waaiuuazuotduauug LUUNETUNINTILTNTUIIUTINANE IV AZWAIU
solulusunan
A1ARLIN N luga PZEM-004T-100A
AIARWIN U UBSA ESP8266
ax v g v y & Y
AAKUIN A 5NN Firebase vUaaAu
AIARUIN 9 3001560100978 NETPIE2020 108961
aa 4 2 Ady U
AARWIN 9 3501560719971 Node-Red 1a3hu
AANLIN B WIHATUAIVALNITYIULASNITHANING



unii 2
N e NNeIVa9

2.1 Wugilwiinseuasdu
Tuszuunsdedionseualnilulssmelnedussuulihiidelisutudeudilg

snduszuulniinszuaadu 1 wa 2 ane Afvunveussdulidn 220 Vims wazaud 50
Hz Tneitsneuazreuinvesuideiayidaiiulunsdahssuuamatafdselih
wuu 1 ety desnidussuunisldinieudhuSouialy dssuulnihanaaiy
Huszuuinagldfussuulninlssnudossuuiidesnisnsldidsniniigedduanaded
alalldnaniislugoni

A1913 194 Lad (RMS, root mean square) #3aA1UsEENSHa (effective value)tiu
mnefervesUSinaliiinszuaaduiisneliiulnannidliinudildnadnsvearidlnig
wirduaidslnihiideanunasselniwuunszuanssiauandugud 2.1 ielisiunm
Seluresndaegna wu nadifiivaenlegniweosgndeuussuliiifsunasdiglnih
NITUANTIVUIA 12V LLé”maam"LMwﬁduﬁmma’jwuawaafﬂlwa@ﬁmﬁﬁaﬁﬁummé’uﬁ’u
mnasuurasdteussiulifindunsienssuliiiuuunseaaduuuulsdfdounaves
w3l 12V Unngieuainsganasanidesaindlseaninavesdyninlstiiawindu

2

l.—_: yaUszane 8.485 Vrms

V2

Tb- DC Circuit

JUN 2.1 dguvesaUszantng

Foiulunisdruimarmdslaididedutugunsallainsdndudiasdomaruen
UseAvSravesussiuliin uazArUseavsnavesnseualuihideuliulasmalidield
TumsAnnaummdslwihvedvasmalwidldluidesanaueadiveslnaamalnliifiang
THowegassluinusziriuflanandd fanunsauennurdufiunudvesinanlsunnsiaiu
nae Tnanmsliiifieduiiunudidusiuiuaieesadien aavsuaniesdusiman
Taamaliniivsgnaudeadadunmumslni waglvaamaliiniifadufunuduy ua
Srurudsiou dnandssaniandudanudumudesufuiuiulssiodesiudui
wienth Zelnaamsliiiitunuinnluinuszsriuesdulnandssamildudnlng sy
dlelvanyslindguautaAdasuiuaudidudunuddoundrd i laidslningdne
Tisulmanmslniindnnaudafiamnsouenldded



1. Mdalfingss (real powen) muneds fdslndrilnandsluldifiorlminnuase
wheoduing (Watt)

2. Masluin3uaaiiv (reactive power) Mg mmmul%lﬁ'msauma‘uaaﬂmmﬂ
Tnan wirdanumadilildnduluduvdsiniautarandoluduidsnihags fuia
fulvanfifinszuawaruswuiifvlalinsefuiiniedy VAR

3. MasluiUs1ng (apparent power) nunedis Maslninnsasindalniraiunse
nelinulnanlaasaniiniedu VA

2.1.1 anautfvaslnaanianszualiiinssuaasy

Tnapzemsznslinlufidneda wdesdiontegunsaifiinsliviegandundsay
T ldun in3esldlniimnuia lidrasndu veoall Waau s ng wdesini 3dvan
uwiazrdatuiauantianizdiunndatuoonly Tnswusldanuussinnaudnunsy
NARBUALIYEINTELANAYWTIRUN ]

2.1.1.1 anniiansnsimiiousadiuniy

v
aa v

111aA UL NNTL A NYUL LAY NANDUAUDINIIATUNSELELALLSIAULNALABINUF
AUNIUY ﬂzﬂ'nﬁa@mamumaamzLLaLLazLLiqmumeamlst’flﬂazuaaujtyﬂmsuaaﬂﬁzLLaLLazLLﬁaéﬁ’uﬁ
fwlavasdyanunseiulpgaiunsonansguvonsehauasusiuvadlanyiinilonsgun 2.2

=
//_ N & 8’
ol 72\
/\ /\

Current

JUT 1.2 namauauaainszialavissululrannislniuuuiiumiu

9N 2 szifiuitnsruanazusatuiivansadiu vilinsduauamdseny
Iy lufitannsaldnguedevitlunsdunildund infeddlwihiiddnuasdssnomi 1
vaealildntensin wida Wuds nszRmifeuluih Sennduneldiinanussaniineg
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SUN 2.2 HaneuauaweINTTLALasL I LYRIlManLUYTLEATIN

UL uLasinNavaInseuaylinsaiy binan1saaveLsIuLae
nszuauannaylifdaliiailnanldaauddesngdnesdaliiiueadn fuduy
sl Alnansngoenungnelnanyssiandnnumemeludiu e wiewndi sy
w3salIuy Waay ﬁqﬁé’ﬂwmmmﬁamﬁ'mﬁﬁLﬁawmﬁual,maﬁaq'msﬂu WIamsoadoy
i AfdnasvesiaifulszginanUssinniiidnvausfiimydnoghmiside nsldwdany
i Tusdasgaatnagliviady Prasuldnunsedaafilnaniidsdnsnazldndsaulniiie
vitadleldlusservilafazaandanuildasvdodiiuiu

2.1.1.3 nanluidudady

andilifaududady (non-linear load) snazdulnanfidtamtuniseu
Amdseliiinngnde quaniAvesnszuanazussiuvesivanlifsusafiutiuouaunsn
Wasuuvadld flduansguquanifvonsvuauazusiuedvansinifoguil 2.4

'Tmamﬂizmwﬁé’ﬂwmwaqgﬂé’mmmLLiaﬁuLLazmzLLa%Lﬁaulﬂmﬂgﬂl%ﬁﬂﬂa
vefanaeluad uaund suasiiidesninanussiani inisuzduresaaud su
wenwiieananuaTiuadeliiiung Asneliiulnand 50 Hz Sedlnaivanadiniazan
mmwsﬁﬁmaaimﬁmﬁuﬁmmm?{qaLSdu 2596l (power supply) wuuainddauas
fnanduiilivndnnsaindauiigsdana1n wu roufiumes vaonliwgooisaieus Tngvim
wuslindnlatih lalasin wefinesAILUuLCD evunUinosvosfivnsalnsdnt Husu
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JUN 2.3 naneuauesitutarnszidlulnanlddudady

ails MsuenUsznvvesivansenluaunuuiuileliidnvassuanzvedvanyin
Suwindu luanundussadlnanniieg enesiidnvasduiiranuuuioniiuazivanls
Hudadu Load Tupsifentu wiselnanfidudneazmudiuviy wu snmes (heater)
mninseaveanaInANNSeuNInlUNanavauesnatasianvasdu L Inituiu

2.2 N1sAUIANAN

msfuauailihasdsaUssane i iy Sduuneruiasaouitnsdun
lwisziamd 1 Thustgerdudasuni
e iiasusoand 3 g il

Aftug Ul asAnuuudusuln wu 15 glausn asAnsamil 10 glndald Aadn
sewils Husiu fhazfinisdmemeanlvildwdn 4 3 T

arliiiunys (FY azdeulumusimndanudy (aufiu | 1hsh) g lnunAnAs 9
wazdNANYA 9 4 ey
myariia (VAT) 7% weeia 2 daudmuuusaniy
fau eluihiidesdhssSanlaann Aviugiului + alaifihduuls + cnByaeiiy duies
wsinsdldlwihlaiiu 50 glndeitou alidesthseanlwihlufoudy

2.2.1 alifausznand 1

thuagenddnsund asuisssnnuesdldlédn 2 wuu dail

1. Il lsiiu 150 vae (gile) dewviou
AnuanAvesflifid sz Ao
finslalniserouldiiu 150 wisroweu wazldneldiiu 150 niesafousaiioniu
3 oy (AU 150 wieseliasnsu 3 ey sgdUssnniAy 150 wiae) Aadanoulaslsl
it 5A 1l Snseftug i @ woa.2564) i

- yiinfl 1 - 15 Angdnas 2.3088 U (gsan 35.23 UMW)
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AN 16 - 25 (10 gllmiawn) Anglinay 2.9882 U (gedn 29.88 UM)

26 - 35 (10 gilninun) Angllnag 3.2405 UM (g9gn 32.41 VW)

36 - 100 (65 gilmeinun) Anginay 3.6237 Um (gegn 235.54 Um)

A7 101 - 150 (50 gilmdiaun) Angilinay 3.7171 U (g9gn 185.86 L)
A7l 151 - 400 (250 gindaan) Anglinay 4.2218 U (gean 1,055.45 V1)
finft 401 Juduly Anglnag 4.4217 um

ANUSANS 8.19 UM

=)

A

2. Sb

- i)
uY

- g1
Y

- gliA
Y

- ol
Y

- gl
Y

_EJQ
U

anzn 1910 105 gdn nsdualthegeanvetusastunuantuies q nsdindedu
wwAogns g dnfudomauiiatuiary dalududy q
- ylnfl 1 - 15 Ain 35.23 UM
ginil 16 - 25 An 29.88 UM
- glladl 26 - 35 fin 32.41 U
giinfl 36 - 100 fin 235.54 U

a A

- g0AN 101 - 105 AR 5 * 3.7171 = 18.5855 UM UsLA1aD 2 Bian LA 18.59 U

Y

ATUINT 8.19 UM
TusnelaiingIu e 35.23 + 29.88 + 3241 + 23550 + 1859 + 8.19 = 359.84 UM
2. Tglaiwfiu 150 wiae (91n) sosiow
anautEveslifd Uil Ao
finslaluideiowiu 150 mbeseiiiomsy 3 Wou Andateudaniu 5A 1 wia
SnsnAfiugiuluih (@ we.2560) dall
- ylinil 1 - 150 Angiinay 3.2484 U (g9am 487.26 UTN)

h
a o

- glla9 151 - 400 (250 gilmainan) Angllnay 4.2218 Uw (g4 1,055.45 um)

&l

Y
'
a A

- gfiail 401 WWuduly Anglinaz 4.4217 uw

Y

ATUINNS 38.22 UM
auyn T 200 giln anasaduansnglaihg e
- yliafl 1 - 150 An 487.26 U
- yfimfl 151 - 200 An 50 * 4.2218 = 211.09 UM
ATUINNS 38.22 UM

FwenAlni1gIu Ao 487.26 + 211.09 + 38.22 = 736.57 UM

2.2.2 AnluAiuus (F)
A1 Ft agiUAsumn 9 3 1oy waztduauin vieavAls Wy dradeutueigy fs
Suren wes W.A.2560 A1 Ft 8¢l -15.90 U
- auye (1) 19l 105 gia A1 Ft walaain 105 * (-15.90 / 100) = -16.695 um Ua
1Ay le -16.7 U
- auym (2) Wi 200 gfie A1 Ft liaan 200 * (-15.90 / 100) = -31.8 um



2.2.3 pEyaruiia (VAT) 7%

ANINNATINVRIRTIAT NI wae Arliiduwds (FY) dhanaele 7/ 100 wse
AMY 0.07

- duye (1) Arasanveudnsamliiigiu waz Alniduwds (F) As 359.84 + (-16.7)
= 343.14 U YwAa VAT 16 343.14 * 0.07 = 24.0198 um Jaiew 16 24.02 U

- auyn (2) AraTINVaNdnIIAlUigIu ey AliAduwls (Ft) Ae 736.57 +
(-31.8) = 704.77 um dnanAn VAT 1§ 704.77 * 0.07 = 49.3339 um Uaiew 1a 49.33 um
saalihiidiosdnsy thawia 3 saufu Ao Aritugiuluih + arlwihduuds + mSyarud

- auyn (1) Ardugilaidh + Alaiidunds + mSyaduia Ao 359.84 + (16.7) +
24.02 5IUR015E 367.16 UM

e (2) Avugulda + arlaiindunys + nSyaduiin fe 73657 + (-31.8) +
49.33 5IUR03Y13E 754.1 UM

2.3 Message Queuing Telemetry Transport (MQTT)

SNMQTT

sUl 2.4 MQTT

MQTT 8811910 Message Queue Telemetry Transport ulustameafivenuuuun
ileieusedeansszninegunsal M2M (machine-to-machine) Wneifudrunilaveamnalulad
0T (Internet of Things) dadumaluladfidumesidndourefugunsnisneg den1sdeans
fugunsaiaunsdeam simdumeiiin Gsagilviinudannsa muaugunsalinagldand
aula

F9 MQTT dnann1siaudsenausie 3 du fie geaa(publish), §5u(subscribe)uay
FNa(MQTT broker) InegSunsadasiuazldgunsalatialanled veiisaluonnaiatunse
TUsunsunsessulusinaea MQTT

29AUsENaUVas MQTT

1.d1 (publish) szAaydstayavsedeniuludinnais (MQTT broker) lagdswids
UszNaUMe WiUe (Topickaz UoA1u (Message)
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253U (subscribe) vinthfiszdeadeysenumnaisiay Anniy topic limsaiugds

Y
=

Wlegds dsdamnunuazgsunsiaaeuind topic assiazanunsaiudennnutiuld usmnd
vsegilinssiunaglianusasutonuld

3.87n819 (MQTT Broker) finthfsudennuaingdiay nsgane(Broadcast) Ty
WU topic Aariu

Publisher Subscriber

Meter ' P“b’/sh A _
a ‘
MQTT S ikt Server
Broker Publish
£ y ~ < song,
Sensor l Ry S8 .
D Mobile Phone

31Jﬁ 2.5 Bann15veau MQTT

2.4 Firebase

¥\ Firebase

gﬂﬁ 2.6 Firebase

Firebase \Judiunilanansineives Google lng Firebase Huiluunannosy 7
FIUTMLATDIDAN o) dmsudnnisludiuues Backend 39 Server side &evinliaanse
Build Mobile Application laagaiiuszansniw wazdianiainagAildangassnisyin Server
side MsaMTlATIEviveyalidnsley lnellviaaTedlenis uaviasedindelyine
Build Better Apps

« Cloud Firestore dnifiuuazdsrdayaszninflduargunsalluszivlanlngly
gutoya NoSQL #ilgasuunaian Cloud Firestore tinmsddlasludiuuanuwasns

atvayueanlauniouiumMIduAudayaniluseanSAmN NMINEUTINAUNGATMN
Firebase 8u 9 Preliguasaweuuuulsigsneslagusias


https://firebase.google.com/products/firestore

11

« Authentication danmsfldvesnaseisiieuazasade Firebase Auth fvang
Blunsnsaaovdvsruidwanaysiariugliuinisyanaiianutu Google wio
Facebook wagldszuuliTfinuiieglnenss airdumosinevosnnuomield
Usgloviiannlewiugesa Ul Asuusisldesadud

e Hosting ananududeuesiuleansuesanieniesdiefiaisiuanzdmsuiy
wovadielml Wennsunandomiiuresanusavdaievnimdniulug CON shlan
vouslaesnluiAuazueuluiuses ssL wWiielvgldvesnaliiulszaunsnid
Uaenfeidedelsuaziinaussinlsiinazegilafing

e Realtime Database Realtime Database ﬁagm‘i’f@;ﬁaﬁgﬂlﬁmm Firebase L‘f]uieﬁg
%Juﬁﬁﬂizﬁw%mwLLasﬁnmLLsti"wﬁm%JuLLanqﬂﬂiﬂiLﬂﬁauﬁﬁﬁaaﬂWiaaﬂuzﬂws
FeAseniralaatoudiuuisealnd ts1veuurii Cloud Firestore Unu Realtime
Database dwsutinimundulngfisulusiantng

2.5 NETPIE 2020

U 2.7 NETPIE

NETPIE 2020 Ao unaanlasufignimuduiitensuauosfliaudaondus wu dud
qﬂﬂiiﬁ loT gAsInNIIY 159974 LLazmﬁﬂiﬁﬁﬁumﬁqﬂ Digital Transformation 4.0 67}\1%
PrwgsialviiszAnsnmdsiu deweluladniadousannasinds w3 Intemet of Things
(IoT) Tnsunasmosuazdielvigunsalieg anmnsadeansils iinnnssu-dedoyaszming
gUnsaiLULNA193 (real-time) ¥l ldmunsuiedeyavosgunanl a aniiun Tarn
fdnuarogilmunailafinig fedisesiunisadoudetugunsal loT Wddwnummena vl
povlandnauildanudandvditaunsal loT Snusnnegiauiuey

2.5.1 AnugadAvEnvas NETPIE 2020 Platfrom Usznauludae

1. NSUAAIATBLAIINIEULDSMIRQUNTNILUULIAATA (real-time)

2. MIAUANNTYINILYeIUnTalingg i Cloud Platform (Controlling)

3. maiiuadeyaildaniduwesuiogunsal (Data Storage)

4. msudafournuiiaunivesduie friegunsalanilsivualy (Notification)


https://firebase.google.com/products/auth
https://firebase.google.com/products/hosting
https://firebase.google.com/products/realtime-database
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r -—— = oy [ e pe——
Device Device | Website,
(real-time) 1 (one-way) mobile |

!. : HTTe :__I HTTP

MQTT, HTTP, CoAP
Web Server

Web Socket NB-loT, LoRaWAN
Device Gateway Device APl

Client API

NETPIE 2020

Timeseries Freeboard
Storage

UM 2.8 MsuanINaLayAIUANN1IYINLYeUnIaliY Dashboard

2.6 Node-Red

Node-RED

5Uil 2.9 Node-Red

Node-Red w3gurailauwmsaailanenelun1sinmenusening serveray device 1138
client &1 APl %139U3N1961199)

fNode-Red 2gl4 Browser Tun1sa519 Flow ufag Flow 11@enu udimuuaa1nig
nuazeuleanesie fuliun weliifanisinusluuunuidesnis Iag Node-RED
a319uu Node js vihlianunsaeulesivluga inudavulasaiadedtiulauinineg
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2.7 JSON (JavaScript Object Notation)

gﬂﬁ 2.11 JSON (Javascript Object Notation)

JSON (JavaScript Object Notation) fe Uuuuvesteyailddmsunaniasudeya
fiflvunmdn Fsauanmsarianudilaldie wazanunsagnaiauazsnilasiedosliiie ffu
gnivuanelsin1wn JavaScript JavaScript Programming Language, Standard ECMA-262
3rd Edition — December 1999.) JSON 1 ugunuudeyadadnusiifianandudaszedie
auysal wiiindnnsmadeudiduesiuindeulusunsuanweing 9 16 ey 11w
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C, C++, C#, Java, Javascript, Perl, Python wazdue) Aaaud@manilyinli JSON unwn
wanasudeyanilauysaiuuy

2.7.1 JSON gnunsaaield 2 guuuu fe

1. madauiivluyadoyafiidedeyauastoyaniu lunweing o deyaasdaeglu
EULL‘U‘U‘UEN Object, record, struct, dictionary, hash table, keyed list Y58 assosiative
array

2. anuvesrteys lunwlusunsudiulng agdneglugliuures aray, vector,
list 39 sequence
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3.1 JUABUNISATIUITU

[
v

URaUYDINISALELULA UL AT
. AnwAuAI MU uazienan NI el
. ANWIMaNNSUB BT UDSNALUNUN LY

U
1
2
3. PRNUUUMALNUNTaBATosTamadlwih warszuuBumesidavesassnd

0. doiuiwosuargunaniigg

5. nageuLrige i lduarasIvauagUnsaling  fagtihunusznauidi

6. Feulsunsuiiielidumesanunsasrualniise fsidosnis

7. WyulUsunsunisasainuleesluge NETPIE2020 uagdsmndsanulninluly
Uy Firebase el #lumsifudaya

8. D9NLUULAZA31Y Dashboard lunsuaasenalagld Nod-red {usasumain
NETPIE wag Firebase

9. a1ayngunsalmauuuTiN Nl

10. neaeugUnsaimanTIvnuaznageumMstatuuudulsinuitoonuuulindon
ndledgymilaeluduneunisnageu

11. #3UnauazInYinenasI1891UNI5I9E

3.2 gunsaliiaddes

3.2.1 PZEM-004T AC Digital Power Energy Meter Module Tugainn1sldwdesnu
i

g‘l.l‘ﬁ 3.1 PZEM-004T-100A
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3.2.1.1 WeAguns ey

Lannsainamisdineinigela lown wseaui nszualui Aaslniiess
wavamdsulniin mnuduazan Power Factor

2 ffandulunsSdnandsaulnin

3 amnsafiudoyalils WeiTedlalsvhau

4 Jantulun1suansiari U NS

5 slafdulunisdoansniudisoa lnsasinisdeanssiu TTL Tush wazaunse
doanslivarnvangrumsiuvesuase

| AL POWER -
SLIPFLY

— GHD

SYSTEM

LT _2
|
:I MEASUREMENT "EE S | | i
Ak == =
a5 HTIRFACE—— R
Zm
]

- 5

UM 3.2 UKUR99995 PZEM-004T-100A

Immwsmaﬂmgaﬁu%gﬂLLUaLﬁuaaaﬁau ADAIUNINTI LT UAIUV DIV
usesulnias nszualily aundsazidudiuvemeseiazdoanseaniu

3.2.1.2 FaA233ed9

1lugatinglddmiumeluoinis weeliasioenldldneusnetms
2 anvesedodddlninmsazliiAusasidwetugaiazsuls
3.N190183995E ARl NFDY
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3.2.2 NodeMCU ESP8266 V3 Lau WiFi

g‘l.l‘ﬁ 3.3 NodeMCU ESP8266

NodeMCU #ie wnasvlesuniaiildtnelunisadalusian Internet of Things
(IoT) fiusznaulusie Development Kit (fuasa) was Firmware (Software uuuesn) iy
Open source aunsadgulusunsudisnte Lau Ieialildnuldinetu wnsounuluga
WiFi (ESP8266) Fafuviladdylumsliideudesudumosidntues iluga ESP8266 1l
pejfrefumansuann fausnostunsniiiu £sP-01 auilaqtuiiia ESP-12 uér uaviiilieg
T4 NodeMCU version wsnaufiidlu ESP-12 usily versions duazldidu ESP-12E unu Fanns
T ilngsanfldunnsaetuinniin NodeMcU duiidnuwazadiosu Arduino assiifinedn
Input Output built in ¥1lud anusadeulusunsupeulnsagunsal 1O lalaglidonu
guUNIniduY wazdltinfaunfianunsovillil Arduino IDE THamusuiu NodeMcU 1a5avinlold
awn C/C+ Tunsideuldsunsuls iliisannsaldmudulavainnaieunnd
NodeMCU sfailansnsaveslsldnatsagannlneinnnsidesiiisndostu loT liiresdy
n15vh Web Server vuiain msmuaunsideatialising WiFi uagdu 4 Snuinane

AuaNUANIamAliAYas NodeMCU 1.0 (ESP-12E) Version 3
1. NodeMCU i based on laiga WiFi e ESP8266
2.1 GPIO PWM, 12C, 1-Wire tag ADC 308108 UNUBsALALT
3. 5 USB-TTL wnluswsteudunsld EsPs266 Undvilildauldayaintu
4. f1 GPIO 10 1 ynguianunsaidu PWM, 12C wag 1-wire 1ol
5. 3 PCB antenna d@miusudsdgaalians
6. T¥PouULLNADSUUY micro-USB dmiusnaussiulilausviewiniu +5v
wagdmsuanulnanilsunas
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DEVKIT

crrots —{ wsem J—{ wace ]

‘1.

GROUND.

e
e
be
pe
pe
bo
pe/
n

ARAAARARA ©

pro13 |— moz }—{ msero |
GPIO1S H TXD2 H HSPICS I

SYSTEM

L 2

RESERVED

DB(GPIO16) can only be used as gpic read/write, no interrupt supported, no pwm/ilc/ow supported.

SUT 3.4 &nwauzan PIN 983 NodeMCU ESP8266

3.2.3 AC-DC HLK-PMO1 Tugauuaslvl 220V to 5V

Ui 3.5 Tugautaslil 220V to 5V

AC-DC HLK-PMO1 falugauaalnl 220VAC 1l 5VDC 0.6A fantasin 220VAC 1u
5VDC 600mA (3W) U39AUBUNA 100-240VAC 133AUL1ANA 5VDC N52uao1dns: 600mA
(nszuaiia: 1000mA) ddeaiunsyuaiuuazns¥an Output Over Load and Short circuit
protection wingAumsilUlHifuuvasdglndidesnsnseualsiganntingu esps266
esp32 Ua5A Arduino
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3.2.4 wusnunasiniin 20A

g‘dﬁ 3.6 WINLNBSINHAN 20A

wiRusnNeS 2P 1E AC 220V 20 woud uaTesiaasluihiflddmivaseasng
idnsflauaziaTasdinasingg madaanslul L (Line Pole) fu N(Neutral) fasselifgniadunsy
\nAerfidesraluuu vandesanismaldnuifauiugs fluereomiedufaiiviliie
MINANIDU

AEUUA

1. wylitusnings 2P 16 AC 220V 20 ueurd

2. Wuedeadmeastiihflddmsudsoatne indesilonaziadesdngseg

3. mssisanelil L (Line Pole) fiu NNeutral) fasielvignia dunsyindeaiidestsly
Wy

4. vEnAesannensldruidartugs fuazessviofutaiiliinnstanseu

= $74

3.3 YaWALISNNeITDY

3.3.1 Arduino IDE
Igdwiudgulusunsunisinaueieg nduveialulaseeulnsaaes ESP8266 Aegy
737

+|o|v]|—]
Genuino
ARDUINO

LIOE o LIOBEOL ISR+ OBR S L

3Vl 3.7 Arduino IDE



20

3.3.2 NETPIE 2020
N"swwawse NETPIE2020 738n15lE NodeMCU ngn1snagitng NETPIE2020 1y
ndudasssysianuniu Client-ID, Token, Secret

MQTT Protocol ’

NodeMCU NETPIE2020

sUl 3.8 Msifiosio NETPIE fennsld NodeMcU

3.3.3 Firebase
n31eusie Firebase AU NodeMCU #h Firebase aziuszuugnudayauuunaass
910 google FdldiAvdoyamdalniinitefozaussagardoundald udd Firebase az
\Jowsiariu Node-Red Bnllital¥ii Node-red idufhuansuadoya

Arduino

Uil 3.9 n51¥ewsio Firebase U NodeMCU

3.3.4 Node-Red
Node-Red 2gvinsiinsia NETPIE2020 uae Firebase iiio¥uanuld
Browser Tun15a$19 Flow wiaz Flow usefu udasmuasinisyiaunazionles
aerneiulinn uduanswauy dashboard 983 Node-Red
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Node-RED

5UTl 3.10 Node-Red

3.4 N199DNUUULAZAITINMNUNITNIUY

3.4.1 N39DNRUULAZNITINURUNNAIUTISAWS
1. Anwiuazidenivueesiidesns
2. Ainwuazidenlulasasulnsaiaesilia
3. NAABUNANITINTDIY BTN
4. Bengunsaidmiunania wasnel wazgunsaidug dedldlunisdesiudy
5. panuUUALATs IR ALH
6. Usznauaunsalingg suguuuuioonuuyly

3.4.2 N159NLUULAZAITINNUNIATUTDNA LIS

1. AnwlUsunsudivsdundeuliiuvesalilasreulnsaiaes waznisad
LaUNaLAYY

2. MAUAFULUUNTHARING

3. Feulusunsy Arduino Wissuarannwuwes LLaza'm'ﬂULLammamugULLwﬁ
A9UA

4. demanlusinsy Arduino Uil NETPIE2020 uay Firebase

5. Node-Red (@ousadoansiu NETPIE2020 way Firebase LiiothAmnnuanina

6. NaapulusunIy LLasziLLammauwﬁwL%Uﬁlé’fa@mwuvl:’i

3.4.3 AMNTINTZUY

1nmseanuuulassaisesszuuiniasinmdaluiuuulfameiudunefidnves
aswds azanmsauanslisluguil 3.1 SsanelussuvazUszneulusme Wuwes
PZEM-004t-100A tielHlunsinanszualniin Auseiulia Armmd f1 Power Fector
Amasulwiuazariidalniin lunsdifinaansldaugunsailiin deyadildan
Wuweslunsngradn axgnvinnisUszinananazeuaulnelulasaeulnsaiaes ESP8266 4
g fiduda Publish Tunisideusieirdetnedmivdedoyanisldlain Tidu mQTT
Broker A NETPIE2020 uagdsaridslniliiolufulugiudeuaues Firebase 91ntiush
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Node-Red 2% Subscribe A121n NETPIE2020 v 911NN 1shanawan 1 bW 1uumnin
Dashboard wag Subscribe A9 Firebase LitowansAN1sgiasliiuazaunsagteys
Astoiaslningaundsle

Sensor

PZEM-004T-1000A

Netpie2020

JUN 3.11 MNsIusEUY

3.5 A3n15A0UNIS

3.5.1 NMSNAFDULIULYDS
ASNAFOULTULYDS PZEM-004t-100A
neasuilognsInmusasuliifih nszudlnliih aamd 1 Power factor Amdaanuy
Trlfluageidalnin lngasdilugawugesderiniuueinlulasaeulvsalaas ESP8266
U7 3.12



23

5| D6 GND| 3.3V

sUfl 3.12 msvieluga PZEM-004T-100A fuuednlulasrenlnsaiass ESP8266
TunsneaeUaLsDa9as PZEM-004T-100A U ESP8266 il
3V3 -> 5V
GND -> GND
D6 -> TX
D5 -> RX
’Lumsmaamz@’hLsziuLsna%mamai’m@hﬁwmﬁLi'}éfaamﬂé’ﬁamLLawmaaumi
Wi ou WIFI vasvesalulpspoulvsaiass ESP8266 3nsay den1snaaeud ouasa
lilpsreulnsaaesiousia WIFT Iduazannsasnuaainiugesldaslug é’fﬂgﬂﬁ 3.13

& coms - O e

Voltage: nanV L]
Current: nanh
Power: nanW
J|Energy: nankWh

[ Frequency: mnanHz
PF: nan

Voltage: nanV
Current: nanf
Power: nanW
Energy: nankWh
Fregquency: nanHz
PF: nan
Voltage: nanV
JCurrent: nand
|Power: nanw
Energy: nankWh
Frequency: nanHz
PF: nan

Voltage: nanV
Current: nanf
Power: nanW
Energy: nankWh
Fregquency: nanHz
PF: nan

w

Autoscroll [ Show timestamp Newline ~ | |115200 baud Clear output

SUT 3.13 HanSVAABULBLLYES PZENM-004T-100A
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3.5.2 nsrawugaskazaunsalange Auuasalulasnaulnsaiaas ESP8266
IN3eie LUsNINGS waginsu sauds Hi-Link (anglnlvivesalulasaeulnsaiaes) sugui
3.14 WBYINN1SVARADIBIUANINLEULD NI RBIN1SAR AINTeualni ussiulnih Al

A1 Power factor Amdsulninwazaidalnidn wazlvanilinaaaude Waay F39zlarn

mmg‘dﬁ 3.15

Wan

Energy: 0.876kWh
Frequency: 50.0Hz
PF: 1.00

Voltage: 225.30V
Current: 0.22R
Power: 50.50W
Energy: 0.ST6kWh
Frequency: 50.0Hz
PF: 1.00

Voltage: 224.80V
Current: 0.22R
Power: 50.30W
Energy: 0.876kWh
Frequency: 50.0Hz
PF: 0.9%

Voltage: 224.70V
Current: 0.22R
Power: 50.2Z0W
Energy: 0.876kWh
Frequency: 50.0Hz
PF: 1.00

v

O

s [ Show timestamp

MNewline ~ | [115200 baud Clear output

UM 3.15 nan1svadeumseumNwuesilleseiuaunsaling 4 uaziilvan
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3.5.3 n1seanuuunsiisulusunsululasnoulnsaiaas ESP8266
dlavhnismeaeudiugnsawisasudiuud ¥niseenuuu Flowchart 1840159191y
lilasreulvsaass ESP8266 Buainmsiamanmugesdriliiululasneulnsaaes
ESP8266 fnuarnszuulaTatnefiesudsAszning Netpie2020 way Firebase a4andfa

U7 3.16

1 an WIFI

| Z l

\ianmAa Netpie Broker \ianma Firebase

A

A.

SUAAREINA

I

SupuLTas

!

AuananlwAaae lif e

!

/9ANTIY Firebase

!

#9ATU Netpie

WAAIATY Monitor
AUNIFVINU

35U 3.16 Flowchart vaalusunsu Arduino IDE
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3.5.4 M3eanuwuunIsuanswatayanislylnma

Tudgunsuaninaazisuain Node-Red SUA191M Netpie2020 wag Firebase Lazay

A UaIRvTaLeNTayas1ee kaviinsasne Flow Wendeyailauaninatoyauu
Dashboard UM5¥auAegUR 3.17

{ BuNTANLEUY ]

&

/ v
v 5UANRIN
§umA1an Netpie Firebase
Broker
A 4 v
, ~opn o N
LLﬂﬂﬂ']”ll‘aa&'ﬁWa\'i\?']u Ltﬂ’ﬂ\iﬂ']“ll'ﬂadﬂ
v
ANUIUAILRRENAINY

=<I:}

HIATLIRN

A 4

wilaspaan

waRsTlayaaan

Dashboart

A 4

AUNI5YINNY

5Ufl 3.17 Flowchart M3 Node-Red

3.5.6 N5 @gulUswnsulu Arduino IDE

Furouiiutunoun1s@eulusnsuiasuAIINwUWesINUTENaNa kazdar
WARIHANEUN SOlLARINE
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@ testfireb | Arduino 1.8.10 =3 X
File Edit Sketch Tools Help

testfireb
<ESP8266WiFi.h>
<PubSubClient.h>
<PZEMO04Tv30.h>
re.n>
<LiquidCrystal _I2C.h>
<ArduinoJdson.h>

#define min(a,b) ((a)<(b)2(a): (b))

/ Config Firebase
ine FIREBASE_HOST "pzem-004t-896ea-default-rtdb.firebaseio.com"
ine FIREBASE_AUTH "GUVS2NeQOOISiRzURA7WSROFXEWuyluOSrVnKécq"

usMillis netpie = 60000, x;
frequency, pf;

5Ui 3.18 yisnslusunsa Arduino IDE (1)

9IN3UT 3.18 avUszneuie 3 du fe @ 1 andudiunissentdlavsisnandu

somaTeulAniiioUsyudng deteayaluuaning wavliauranu Netpie wag Firebase diuf
2 \Wudiud Wunisivue Hosthaysianayldideusanu Firebase d@uil 3 1Wunisiivua
fwdsiialalusiuin AuAINwuLs

= "ptp.ku.ac.th";

ntp_serverl[20]
e

PubSubClient client (espClient);

har msg[256];

onnected()) {
print ("Attempting MOTT connection.."):
3237d37-a5£5-4c42-bbad-39884£10£b82", "FA26XESCM3QSKDFTCUEZXb2vAPThzSWI", "1roOInOIHS!~1zPie3ouFwzKsgnscb$s")) {

5Uf 3.19 TUsunsu Arduino IDE (2)

93U 3.19 Tudui 4 azdunsiviun IDuagPassword wee ESP8266 Liltousia
WIFIwaztdunsiSenldflandunan dmun 5 wWunisivussieldlunseuiuaflasuain
UL waRAa8dIAN U Firebase d1ufl 6 Wandu reconnect t@ausia MQTT wWuilandy
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aunsulsidaunanu MQTT Server ©38Lil85N15VIANISE BURBNU MQTT Server WHangu
reconnect 32N 0UA DD NATI MINLY DUADANSAILHANINAIT “ connected” WHH
Wousellds9zuaninain “failed” wazazyinnisiousolrldnlusls

@ testfireb | Arduino 1.8.10 =3 a X
File Edit Sketch Tools Help

sUfl 3.20 Tusunsu Arduino IDE (3)

NN3UT 3.20 Tudauit 7 Wudrumasilerd callback iuilsifudmsunissu
payload M’%@sﬁammmqqﬁgﬂéammu Topic 7 NodeMCU 1§¥ns Subscribe uaziiun
wanana Tnedenuiilasuasduin byte liannsatheuuldlilnenss Seadaduusie
1 message 11594 wagldilsidu loop lun1s5auMan byte WU String

€3 testfireb | Arduino 1.8.10 - X

File Edit Sketch Tools Help
_
a

"connecting to "):
d,pass)://phone esp8266
tus() != WL_CONNEGTED)

Serial.print ("."):

3ﬂﬁ 3.21 lUswnsy Arduino IDE (4)
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N3UN 3.21 Herdu setup asidudrndnnisideusioves WiFi, 1aan,
MQTT,Firebasse

(&9 testfireb | Arduino 1.210
File Edit Sketch Tools Help

_

void loop ()

voltage = pzem.voltage():

£ "); Serial.print(voltage); Serial.println("V");

t("Current: "); Serial.print(current); Serial.printla{"a™):

Serial.println("Ezzor reading cuzzent"):
}

power = pzem.power ()

)i Serial.p tipower); Serial intia ("W")

3l 3.22 Wsunsu Arduino IDE (5)

€D testfireb | Arduino 1.810
File Edit Sketch Tocls Help

_

enexgy = pzem enexgy();
= HAN) {

Serial.print ("Energy: "): Serialiprint(energy,3); Serialiprintln ("KWn"):
} else (

Serial.printin("Erfor reading energyvi):

ency = pzem.frequency(}:
rr. 1= NEN){
Serial.princ ("Frequency: ") Serial.print (freguency, 1); Serial.printin("Hz"):

} else {
Serial.println("Ezzor reading frequency"):
}

pf = prempe():

"PEF: "); Serial.pzint(pf):

1n("Error reading power factor");

5Uf 3.33 TUsunsu Arduino IDE (6)

INFUN 3.22 uaw 3.33 AUAA UL UAILYDINITE LA N YUY D STIANT D LU LAE

LAAYUY 1asHMe35 azdiAnseualniln Aussauluin Arddsludn Areinud Al Power
factor wagAWaI Ul
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x

@ testfireb | Arduino 1.8.10

File Edit Sketch Tools Help
_
) ~

float sum = 0

total = sum;

float unit;

unit = energy;

if( 50) 4

float Ratels = 2.3488;

float Rate2s = 2.9882;

float Rate3S = 3.2405;

float Ratel00 = 3.6237;

float RatelS0 = 3.7171:

float Rated00 = 4.2218;

flcat RateMored00 = 4.4217;

=0)

(unit,15) *Ratels;

&)

(unit-15,10) *Rate2s;

€)

(unit-25,10) *Rate3s;

6)

(unit-35,65) *Ratel00:

01}

(unit-100,50) *Ratelso;

s1)

(unit-150,250) “Rated00;

any v
>

gﬂﬁ 3.34 1Uswnsu Arduino IDE (7)

(D testfireb | Arduino 1.8.10
File Edit Sketch Tools Help

testfireh

if (unit>=151)

total+=min (unit-150,250) *Rate400;
1f (unit>=400)
total+=unit*RateMore400;

telse{

float overRatelS0 = 3.2484;
float overRate400 = 4.2218;

float overRateMore400 = 4.4217;
totals=min (unit, 150) *overRatel50;
1f(unit>=151)

total+=min (unit-150, 150) “overRated0o;
if (unit>=401)

total+=(unit-400) “overRateMore40;

)
serial.p
Serial.p

t ("\ncallbill = "):
tln(total);

Seri atln()s
delay(0):
Firebaseconnect () ;
MOTT ()

}
woid Firebaseconnect (){
// update to firebase
if ((millis() - lastUpdateEmergy)
lastUpdateEnergy = millis();

n=iemed Tene srarrTime

5Uf 3.35 Tsunsu Arduino IDE (8)

INAINA 3.34 Az 3.35 Mud1eu azdunseuiua i wazAulilusudsn

a

o Y A A 1 " X Y @ =
ﬂ’W‘Vi‘NGﬂ,’J LWEJVH]SE’N?]’VUU‘I‘ULLﬁﬂ\‘INﬁ‘UUWU’]L’JU@ﬂ‘W
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% testfireb | Arduine 1.8.10 - a
Gle Edit Sketch Tools Ha\p

_

void Firebaseconnect () {
// update to firebase
if ((millis() - lastUpdateEnergy) »= 1000) {
lastUpdateEnergy = mi
unsigned long starcTi

P
Energy
//Energy = E
3

time_t now = time(nullptr):

? Energy : 0:

struct tm* nowTime = localtime (snow):
if ((nowTime->tm sec % €0) == 0) {
lastUpdateFirebase = millis();

StaticJsonBuffer<200> jsonBuffer;
JsonObjects root = jsonBuffer.createCbject():
root["energy"] = Energy:

//root["amp"] = Amp;

zoot["time"] = getTims();

String name = Firebase.push("/logPower", root):
/7 handle ereor

5UT 3.36 TUsunsu Arduino IDE (9)

E testfireb | Arduino 1.8.10 - =]
File Edit Sketch Tools Melp o e

_

if (Firebase.failed(}) {
Serial.print("pushing failed:");
Serial.println(Firebase.error()):
return;

)

Serial.pzint("pushed: /logPower/M™):

Serial.println (name);

Firebase.setFloat ("/energy”, Energy)s

if (Firebase.failed(}) {
Serial.print(fpushing farled:")+
Serial.printin(Firebase.error()):
return;

)

Firebase.setFloat ("/amount", toal):
if (Firebase.failed{)) {
Serial.pzint ("pushing failed:™);
Serial.println(Firebase.error ()):
return;
3
¥
delay(0);

String getTime() {

5l 3.37 TWsunsu Arduino IDE (10)

9N3UT 3.36 waz 3.37 auaau WWuduilaidu Firebaseconnect Jududuiaz
derniaan Amdsnulni wazenln Wi Firebase iiehanluiivuugudoyaiitonagld
wansrasielUluduveminiu



32

3 testfireb | Arduino 1.8.10
File Edit Sketch Tools Help

_
) "

de

x

(0):

String getTime() {
time_t now = time (nullpcr);

struct tm* mewtime = localtime (&now):
String tmpNow = "";
tmpllow += String(newtime->tm_year + 1800

tmpNow += "-";

tmpNow += String(newtime
tmpNow += "-";

tmpNow += String (Rewtime->tm mday)
tmpNow += " ";

tmpNow += String(newtime->tm_hour);

tm_mon + 1):

tmpNow += ":";
tmpNow += SSring (newtime
tmpNow += "im;

tmpNow += String(newtime->tm_sec);

>tm_min) ;

return tmpNow;

woid MOTT () {

if (lcl .connected()){

reconnect () ://***check connection mgtt

1]

Flsent 1aoni - v

sUf 3.38 TUun 3 Arduino IDE (11)

9n3UT 3.38 Wunsilisua ey veniwan u o U uwavazdsluiiau
Firebase

€D testfireb | Arduino 1.8.10 -
File Edit Sketch Tools Help

_

tmpNow += String(newsime->tm_sec); °
return cmpNow:

x

void MQTT () {

if (lcliemc.cennested())({

reconnect (};//***check connection mgrt

¥
client.loop():

unsigned long currentMillis =
if (currentMillis - previousMillis
previousMillis = currentMillis;

)
1000) {//zun evezy 1\ second

//------Publish value (Realtime message)----—-
payload = String(voltage) + "," +5
Serial. 1n (payload)
payload.to vimsg, (payload.

Loy

ing(power) +.7," + String( (frequency) + "," + String(pf) + "," + String(total) s

grk() +1));
t.publish("@msg/update”, msg) :
-Sum Power value——

pre
voltage_sum += voltage:

current_sum += cu

nt;
power_sum += powe
energy_sum += energy
freguency sum += frequency;

5Uf 3.39 TUsunsu Arduino IDE (12)
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@ testfireb | Arduino 1.8.10 - x
File Edit Sketch Tools Help

_

previousMillis_netpie = currentMillis; Q

":v 4+ String(power) + ", \"E\":" + String(energy) + ", \"f\":" + String(fre

5Ufl 3.40 TUsunsu Arduino IDE (13)

AN 3.39 hag 3.40 HIATU MQTT Uszniadauushaznisenuaiwsanuluiln
Aseualii anuaalwiy andsnulnia Aa1ud A1 Power Factor Anlnwuuisealngd
AuaY client.publish 1ugnfdsdstonuluds Topic : @shadow/data/update

3.5.7 %LU Netpie2020
FNLERIAIIUN 3.41 Aauansniswonsiedu lulasreulnsames ESP8266 Tu
Wt projectl abufin1swenseazlivugedileuaraglianunsasu-daniule

< C & poralbhetpieib/p/POTBIT8226621device G H»TQ :
".., NETRIE = @) reverin
project piojact / device, @® Create
B Overvew Name Tags Group Create Date
P Device List
Node-red
Project 2021-04-26 15:18

@ Device Groups

F project1

@ Freeboard Project 2021-04-26 14558

B Event Hooks . S
@ Setting 1-2of2items | < ‘1 ‘ > 10/ page

Copyright © 2018-2020 Created by NETPIE

sUTl 3.41 iy Netpie2020
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3.5.8 %13V Firebase

nuuAURgUN 3.42 fevii Firebase Ml5u-derniiu lulaspoulvsaaes
ESP8266 tiathAmasulnfinuiiuuu Realtime Database

< C & consolefirebase.google.com/u/0/project/pzem-004t-896ea/overview mor SH»Q

‘ Firebase pzem-004t ~

pzem-004t Csecpan )
<[> pzem-004t + Add app

2% Authentication

Firestore Database Build
Realtime Database
Storage

Hosting Downloads (7d total

Functions 4.92MB 456195

Machine Leaming

Release & Monitor

&, Crashiytics

& Extensions

gﬂ‘ﬁ 3.42 v Firebase

3.5.9 %I Node-Red
Weanth CMD waniinsiunedsdluimenazlaluiadu Node-Red wiaagyinnis
SUALAILNAIULEAIDDN VLML Dashboard siall

5 3.43 n1ih CMD Walda1u Node-Red



unii 4
NAN1SNAADY

TuundazeSunenan1sNAanINITEIAINILAAINAULLNLIU Feludiuvatansaing
nagdavilivinduunawidiaesiu waviuawenansesnsuuntiniuildlunisuanua
LHG

4.1 wRukaNsTurassTuesasinmadwihliaerdudumesilnvasassw
GN
iresinfdslifinazdeansiuuesn ESP8266 Femsuedn ESP8266 Sidusinagn

sulmanlusunsuliuds uaslegldnudenisnsavaeudayanisidlninelutiunanse
\Ungluiures Netpie2020

©0

ARDUINO ¢\ Firebase

-

Node-RED

JUN 4.1 wruanisvinnuvesssuuiasaalnmadliihliaeiiudumesiduasassnas

waz Node-Red usilu Node-Red azanansagnamnnistindsnulnihdoundslawazaninse
Ungldviufidledesnisitatoya

4.2 NaN1599NUUURTINLENINANTY Node-Red

4.2.1 nsuanInagdeAlu MQTT broker # NETPIE2020

niivinsilagfuniindnsosdeyaiigndsrdusuulusninesuss NETPIE2020 Tnglu
nseuisarsazuddoyaiisdaluguuuy Shadow uanmasenudusULuunsIUAsY
Yoya JSON 1uteyaguuuy Tree iiodneronisgal daunseu Key aztdunisuenlod ga
wesuazmaifalunndensetumalusnines NETPIE2020 wazdlnludsanunsaiideuse
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< c @ portalnetpie.io/p/P078978226621/d/c3237d37-355-4c42-bbad-398284f10fba2
B8 Overview _—
Description Key
[ Device List Client ID a
Token a
@ Device Groups Secret : Ire0In0IH8!~ 1zPie3oufwz a
Status : Online 8]

€ Freeboard Enable - @D

[ Event Hooks

Schema | Trigger

8 Setting
+
= =& ==

Select a node

v object
E :e.8
1 e
Poocar.
PEt1
v oz
bath : 1.96
focasg

5UN 4.2 nihwauanransieusalaziansendayauuy JSON ¥ee NETPIE 2020

4.2.2 nsuansnanisasAluiiuidugiudeyail Firebase

Tudruanfusndudiunesnsdsirdogaiu Firebase 290307 4.3 aniduns Key
Tunsiiiaa Firebase TnelugUazilsia(Secret) uanauitefiasisvialulaluldnlfidousie
wazdsdayatundmiiniuledls

How CHE» @

¢« C | @ consolefirebase.goaglecor/u/0/project/pzerm-0041836ea/Settings/sericeaccounts/databasasecrets

h Firebase pzem-004t v  Project settings Gotodocs M o

A Project Overview
Manage service account permissions (7}

Build ) )
O Firebase Admin SDK Database Secrets
== Authentication
= Firestore Database | SR RN A Database secrets are currently deprecated and use a legacy Firebase token

generator. Update your source code with the Firebase Admin SDK.

Realtime Database
& Database secrets
Learn more

Storage

Hosting Other-gervice accounts
s Usingdlegacy Firebase token generator. At least one

-) Functions 3
G) 4 service accounts from Google

Machine Learning Cloud &2

Add secret

Release & Monitor
£, Crashlytics
zem-004t-896ea-defaultridn sssssssssssnsssssisssnsasenies

% Extensions

Upgrade

Spark
Free §0/month

<

UM 4.3 uansdayansiinfen1sieusiaves Firebase

Soamnandewdaiiniu Firebase l¢aedifoyaidsdunilunmafudeyasagiign
\Fgudstuunluviian Realtime Database Inedeyafigniufinadlugiudoyansi 2
sukuUAe wuwsnasfudeyandunuiignidsunuy Set mnsaarindeyaiigndstiuund
Firebase avgniisuiivlyidlofidiignindsarlv drudnguuuvaziduiuy Push vaneay
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[

Toyalviindeyatuazgnasiieglmituaglilu@euiutoyain Asgun 4.4 uag
ToyavgnaunazgnasiluguiuurasSON

& C @ consolefirebase.google.com/u/0/project/pzem-004t-896ea/database/pzem-004t-896ea-default-rtdb/data B x SH » = @
B Firebase pzem-004t ~ Golodocs M o

A Project Overview <+, Prototype and test end-to-end with the Local Emulator Suite, now with Firebase Authentication  Get started 3 x

Build

22 Authentication GD  httpsi/pzem-004t-896ea-default-rtdb firebaseio.com ®© O

Firestore Database &- -M_L4pbNSHLS[SXyv7vs B

=)~ -M_LSWbtVGtSptén1TmAw
Storage |- energy: 6.834
Hosting L time: "2021-5-10 18:47:0"
) Functions .L5K-cd00CSJQ2W3KG

: : 5] x
Machine Leaming L {energy:[6.835 |

time: "2621-5-10 18:48:8"

time Database

H

_L5kCnJE7rdKzwivif

A =

Release & Monitor energy: 6.835

Lo time: "2021-5-10 18:48:0"

£, Crashlytics
_ _L6CUrEX_ldJe8Znt0

z

& Extensions i energy:. 0.837
L. time: "2621-5-10 18:50:0"

Q.0
Ul 4.4 uansfayavignasriduniiudetauugudous

< C | @ consolefirebase.google.com/L/0/pr

t/pzem 004t 3968a/settings/ general/webiMTdiNjc1ZjktOTES Yy00ZDQBLTKOY:

ONDRKOGFINTT W CHM»Q
B Fircbase pzem-004t w  Project settings Gotodocs M o

Copy and paste these scripts into the bottom of your <bedy> tag, but before you use any

A Project Overview Firebase services

Build

ase J§ SDK is always reg ed and must be listed
www.gstatic.com/fir @/firebase-app.]

= Authentication
Firestore Database
Realtime Database

Storage

Hosting

/ [Eer H €, JSISDK
-} Functions var firebaseConfig = {
apiKey: "Alz
authDomain:
databaseURL:
projectId

Release & Monitor storageBucket: "pz
messagingSenderId: 9
%, Crashiytics appld: 29 0

measurefentId is optiona

Machine Learning

SEPgJ Ubpb-qCdVQJIM",
baseapp.com”,
t-89%ea-default-rtdb. firebaseio.co

a.appspot.con”,

d93ca4598e6994ede49”,

measurementld
% Extensions Initialize Firebase
firebase.initializeApp(firebaseConfig);
spark T firebase.analytics();
Free $0/month Pe </SCLlois
D
< 3

JUN 4.5 uansiegvesgrudeyaluzuwuuniw JavaScript

1nn i 4.5 Jazifuntwn JavaScript Wiagilanludiuiluldenussluy Node-red
wenagldlunisiounsuaz @oa1s3zningga Firebase fiu Node-red

4.2.3 Node-Red 1Jausiafiu Netpie way Firebase

we19we9 Node-red msdudneazidu Node Adslunisgasaniisnsuanna
fsneqeenin Tnglunseuiine Node axideni Flow TuFlow fiadrstuinissdseneu
yamdmaneyn dndunisidoudeuasfuAan Netpie2020 broker waguanraansiiy
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N9 duvesaliefrnauaneendutonny wazanvneaziluyafdsves Firebase

LﬁaLLam@haaﬂmﬂugﬂLLUUﬂ'ﬁW\I JUN 4.6

Flow 1

_\_J
__ reaery [7]
\I H‘ NETPIE

Enkin O
Node-RED Dashboard

comment
= T e[ [Monitaring] Cost

* nuneson e
[Monitoring] Monitor 7

(Cost] Cost

[Data] Group

5UN 4.6 ni1ens Flow Ynedasnevas Node-red

4.3 HAaN15E3196A5999ANa9 NN

TumouanvneIziiunimaaeussuLiieg s uunawun tusevaweaduluny
Toguszasrvsold uazmtgmisneneunily 91n3UR 4.7 Wugdunaurunouiosisy

NAFDULND INATNAIITU

g‘dﬁ 4.7 wsasinnaanulninvesasswas

17 1 Y
4.4 RANIIUEAIVDUANTURUINIY
v & o & v ¢l ° Y a o ¢
gavhezlunthuanawa lngasilumhiivleangndtaedunsldate aunsaidiis
3710 Local host iagfueiineirne Ngnasrduundassuunagun 4.8 wavdiutoya

JOUNTINGINUILUANIGIFUN 4.9



39

= Monitoring

Monitor

Date : 10/05/2021 19:07:28

Volt Current

0.22A

Energy

46.6Watt 0.85KWh

Frequency

50Hz

3U#1 4.8 Dashboardludiuueiiwesvesasesinddsluihassnds

Energy

Energy [7] Energy AVG

09

16:22:00 16:27:00 16:32:00 16:37:00 16:42:00 16:47:00 16:52:00 16:57:00 17:02:00 17:07:00 17:12:00 17:17.00
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laga PZEM-004T-100A

PZEM-004T V3.0 User Manual

Overview

This document describes the specification of the PZEM-004T AC communication module,
the module is mainly used for measuring AC voltage, current, active power, frequency, power
factor and active energy, the module is without display function, the data is read through the TTL
interface.

PZEM-004T-10A: Measuring Range 10A (Built-in Shunt)

PZEM-004T-100A: Measuring Range 100A (external transformer)
1. Function description

1.1 Voltage
1.1.1  Measuring range:80~260V

1.1.2  Resolution: 0.1V
1.1.3 = Measurement accuracy: 0.5%

1.2 Current

1.2.1  Measuring range: 0~10A(PZEM-004T-10A); 0~100A(PZEM-004T-100A)
1.2.2  Starting measure current: 0.01LA(PZEM-004T-10A); 0.02A(PZEM-004T-100A)
1.2.3  Resolution: 0.001A

1.2.4  Measurement accuracy: 0.5%

1.3 Active power

1.3.1 Measuring range: 0~2.3kW(PZEM-004T-10A); 0~23kW(PZEM-004T-100A)
1.3.2  Starting measure power: 0.4W

1.3.3 Resolution: 0.1W

1.3.4 Display format:

<1000W, it display one decimal, such as: 999.9W
>1000W, it display only integer, such as: 1000W

1.3.5 Measurement accuracy: 0.5%

5UTl n.1 Datasheet PZEM-004T



1.1 Power factor
1.1.1 Measuring range: 0.00~1.00
1.1.2 Resolution: 0.01

1.1.3  Measurement accuracy: 1%

1.2 Frequency
1.2.1 Measuring range: 45Hz~65Hz

1.2.2 Resolution: 0.1Hz
1.2.3  Measurement accuracy: 0.5%

1.3 Active energy

1.3.1 Measuring range: 0~9999.99kWh
1.3.2 Resolution: 1Wh

1.3.3 Measurement accuracy: 0.5%

1.3.4  Display format:

<10kWh, the display unit is Wh(1kWh=1000Wh), such as: 9999Wh
>10kWh, the display unit is kWh, such as: 9999.99kWh

1.3.5  Reset energy: use software to reset.
1.4 Over power alarm

Active power threshold can be set, when the measured active power exceeds the threshold, it

can alarm

2

1.5 Communication interface

RS485 interface,

Communication protocol

2.1 Physical layer protocol
Physical layer use UART to RS485 communication interface
Baud rate is 9600, 8 data bits, 1 stop bit, no parity

2.2 Application layer protocol

5Uf 0.2 Datasheet PZEM-004T
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The application layer use the Modbus-RTU protocol to communicate. At present, it only
supports function codes such as 0x03 (Read Holding Register), 0x04 (Read Input Register), 0x06
(Write Single Register), 0x41 (Calibration), 0x42 (Reset energy).etc.

0x41 function code is only for internal use (address can be only 0xF8), used for factory
calibration and return to factory maintenance occasions, after the function code to increase 16-bit
password, the default password is 0x3721

The address range of the slave is 0x01 ~ OxF7. The address 0x00 is used as the broadcast
address, the slave does not need to reply the master. The address OxF8 is used as the general
address, this address can be only used in single-slave environment and can be used for calibration
etc.operation.

2.1 Read the measurement result

The command format of the master reads the measurement result is(total of 8 bytes):

Slave Address + 0x04 + Register Address High Byte + Register Address Low Byte + Number
of Registers High Byte + Number of Registers Low Byte + CRC Check High Byte + CRC Check
Low Byte.

The command format of the reply from the slave is divided into two kinds:

Correct Reply: Slave Address + 0x04 + Number of Bytes + Register 1 Data High Byte +
Register 1 Data Low Byte + ... + CRC Check High Byte + CRC Check Low Byte

Error Reply: Slave address + 0x84 + Abnormal code + CRC check high byte + CRC check
low byte

Abnormal code analyzed as following (the same below)

< 0x01,lllegal function

& 0x02,lllegal address

A& 0x03,lllegal data

& 0x04,Slave error

The register of the measurement results is arranged as the following table

Register Description Resolution
address
0x0000 Voltage value 1LSB correspond to0.1V
0x0001 Current value low 16 bits 1LSB correspond to
0x0002 Current value high 16bits 0.001A
0x0003 Power value low 16 bits 1LSB correspond t00.1W
0x0004 Power value high 16 bits
0x0005 Energy value low 16 bits 1LSB correspond to 1Wh
0x0006 Energy value high 16 bits
0x0007 Frequency value 1LSBcorrespondto0.1Hz
0x0008 Power factor value 1LSB correspond t00.01
0x0009 Alarm status OxFFFF is alarm,
0x0000is not alarm

sUfl 0.3 Datasheet PZEM-004T
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For example, the master sends the following command (CRC check code is replaced by
OxHH and 0xLL, the same below)

0x01 + 0x04 + 0x00 + 0x00 + 0x00 + Ox0A + OxHH +0xLL

Indicates that the master needs to read 10 registers with slave address 0x01 and the start
address of the register is 0x0000

The correct reply from the slave is as following:

0x01 + 0x04 + 0x14 + 0x08 + 0x98 + 0x03 + 0XE8+0x00 + 0x00 +0x08 + 0x98+ 0x00 +
0x00 + 0x00 + 0x00 + 0x00 + 0x00 + 0x01 + OxF4 + 0x00 + 0x64 + 0x00 + 0x00 + OxHH + OxLL

The above data shows

& Voltage is 0x0898, converted to decimal is 2200, display 220.0V

> Current is 0x000003E8, converted to decimal is 1000, display 1.000A

A Power is 0x00000898, converted to decimal is 2200, display 220.0W

& Energy is 0x00000000, converted to decimal is 0, display OWh

> Frequency is 0x01F4, converted to decimal is 500, display 50.0Hz

> Power factor is 0x0064, converted to decimal is 100, display 1.00

> Alarm status is 0x0000, indicates that the current power is lower than the alarm power
threshold

2.1 Read and modify the slave parameters The register of

the At present,it only supports reading and modifying slave address and power alarm threshold

The register is arranged as the following table

Register Description Resolution
address
0x0001 Power alarm threshold 1LSB correspond to 1W
0x0002 Modbus-RTU address Therangeis0x0001~0x00F7

The command format of the master to read the slave parameters and read the measurement
results are same(descrybed in details in Section 2.3), only need to change the function code from

0x04 to 0x03. measurement

The command format of the master to modify the slave parameters is (total of 8 bytes): results
Slave Address + 0x06 + Register Address High Byte + Register Address Low Byte + Register
Value High Byte + Register Value Low Byte + CRC Check High Byte + CRC Check Low Byte. s

The command format of the reply from the slave is divided into two kinds: arranged

as Correct Response: Slave Address + 0x06 + Number of Bytes + Register Address Low Byte +

Register Value High Byte + Register Value Low Byte + CRC Check High Byte + CRC Check Low
Byte. the

Error Reply: Slave address + 0x86 + Abnormal code + CRC check high byte + CRC check
low byte.

5U7 0.4 Datasheet PZEM-004T
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For example, the master sets the slave's power alarm threshold:
0x01 + 0x06 + 0x00 + 0x01 + 0x08 + OXFC + OxHH + OxLL

Indicates that the master needs to set the 0x0001 register (power alarm threshold) to 0x08FC
(2300W).

Set up correctly, the slave return to the data which is sent from the master.

For example, the master sets the address of the slave

0x01 + 0x06 + 0x00 + 0x02 + 0x00 + 0x05 + OxHH + OxLL

Indicates that the master needs to set the 0x0002 register (Modbus-RTU address) to 0x0005
Set up correctly, the slave return to the data which is sent from the master.

2.1 Reset energy

The command format of the master to reset the slave's energy is (total 4 bytes):
Slave address + 0x42 + CRC check high byte + CRC check low byte.
Correct reply: slave address + 0x42 + CRC check high byte + CRC check low byte.

Error Reply: Slave address + 0xC2 + Abnormal code + CRC check high byte + CRC check
low byte

2.2 Calibration

The command format of the master to calibrate the slave is (total 6 bytes):

OxF8 + 0x41 + 0x37 + 0x21 + CRC check high byte + CRC check low byte.

Correct reply: OxF8 + 0x41 + 0x37 + 0x21 + CRC check high byte + CRC check low byte.
Error Reply: 0xF8 + 0xC1 + Abnormal code + CRC check high byte + CRC check low byte.

It should be noted that the calibration takes 3 to 4 seconds, after the master sends the
command, if the calibration is successful, it will take 3 ~ 4 seconds to receive the response from
the slave.

2.3 CRC check
CRC check use 16bits format, occupy two bytes, the generator polynomial is X16 + X15 +
X2 +1, the polynomial value used for calculation is 0xAQ01.

The value of the CRC check is a frame data divide all results of checking all the bytes except
the CRC check value.

3 Functional block diagram

;J‘U‘i'?'i n.5 Datasheet PZEM-004T
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Picture 3.1 PZEM-004T-10A Functional block diagram
AC POWER 5
SUPPLY
o I
- 3 O |GND
O —>§§ TTL Q) TX
N|O MEASUREMENT 3e| |interrace— O | RX
SYSTEM Se
L O m — O| 5V
v
SIGNAL >

Picture 3.2 PZEM-004T-100A Functional block diagram

2 Wiring diagram

e

;

Picture 4.1 PZEM-004T-10A wiring diagram

PZEM-004T-10A wiring diagram

TTL to USB cable

U: AC80~260V

l1: 0~10A

5Ufl 0.6 Datasheet PZEM-004T
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CcT T
TTL to USB cable PC
€ N
U: AC80~260V
l1:0~100A

Picture 4.2 PZEM-004T-100A wiring diagram

2 Other instructions

2.1 The TTL interface of this module is a passive interface, it requires external 5V power supply, w
hich means, when communicating, all four ports must be connected (5V, RX, TX, GND), otherwis
e it cannot communicate.

2.2 Working temperature

-20°C ~ +60°C,

g‘lJ‘ﬁ 1.7 Datasheet PZEM-004T
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NodeMCU Development Board Pinout Configuration

Pin Mame Description
Category
Power Migro-USE, Micro-USB: ModehMCU can be powered through the USE port
33V, GND,
Win 3.3V: Regulated 3.3\ can be supplied to this pin to power the board

GND: Ground pins

Vim: External Power Supply

Control EN, RST The pin and the button resets the microcantroller

Pins

Analog AD Used to measure analog voltage in the range of 0-3.3V

Pin

GPIO GPIO1  to  ModedCU has 16 general purpose input-output pins on its board
Pins GPIONG

5Pl Pins 501, CMD, ModedCU has four pins available for SPI communication.

SC0, CLK
UART TXCO, ModedMCU has two UART interfaces, UARTD (RXDO & TXDO) and
Pins RXDO, UART1 (RXD1 & TxD1). UART1 is used to upload the

T¥D2, R¥XD2 | firmware/program.

2C Pins ModeMCU has 12C functionality support but due to the intemal
functionality of these pins, you have to find which pin is 12C

5U7 9.1 Datasheet NodeMCU ESP8266
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NodeMCU ESP8266 Specifications & Features

e Microcontroller: Tensilica 32-bit RISC CPU Xtensa LX106
o Operating Voltage: 3.3V

e Input Voltage: 7-12V

« Digital I/O Pins (DIO): 16

e Analog Input Pins (ADC): 1

e« UARTs: 1

e SPIs: 1

o 12Cs:1

e Flash Memory: 4 MB

« SRAM: 64 KB

e Clock Speed: 80 MHz

o USB-TTL based on CP2102 is included onboard, Enabling Plug n Play
o PCB Antenna

e Small Sized module to fit smartly inside your loT projects

Brief About NodeMCU ESP8266

The NodeMCU ESP8266 development board comes with the ESP-12E module
containing ESP8266 chip having Tensilica Xtensa 32-bit LX106 RISC
microprocessor. This microprocessor supports RTOS and operates at 80MHz to
160 MHz adjustable clock frequency. NodeMCU has 128 KB RAM and 4MB of
Flash memory to store data and programs. Its high processing power with in-
built Wi-Fi / Bluetooth and Deep Sleep Operating features make it ideal for loT
projects.

NodeMCU can be powered using Micro USB jack and VIN pin (External Supply
Pin). It supports UART, SPI, and 12C interface.

3llﬁ 9.2 Datasheet NodeMCU ESP8266



ESP-12E Chip 3.3V Voltage Regulator

Flash Button
-
B =—>Micro USB Port

-
® j—, Reset Button

CP2102

USB to TTL Converter
2.4 GHz Antenna On-Board LED o R

DO Pin

Programming NodeMCU ESP8266 with Arduino IDE

The NodeMCU Development Board can be easily programmed with Arduino
IDE since it is easy to use.

Programming NodeMCU with the Arduino IDE will hardly take 5-10 minutes. All
you need is the Arduino IDE, a USB cable and the NodeMCU board itself. You
can check this Getting Started Tutorial for NodeMCU to prepare your Arduino
IDE for NodeMCU.

Uploading your first program

Once Arduino IDE is installed on the computer, connect the board with the
computer using the USB cable. Now open the Arduino IDE and choose the
correct board by selecting Tools>Boards>NodeMCU1.0 (ESP-12E Module), and
choose the correct Port by selecting Tools>Port. To get it started with the
NodeMCU board and blink the built-in LED, load the example code by selecting
Files>Examples>Basics>Blink. Once the example code is loaded into your IDE,
click on the 'upload’ button given on the top bar. Once the upload is finished,

you should see the built-in LED of the board blinking.

Applications of NodeMCU

o Prototyping of loT devices

o Low power battery operated applications

o Network projects

o Projects requiring multiple 1/O interfaces with Wi-Fi and Bluetooth
functionalities

31]17; 9.3 Datasheet NodeMCU ESP8266
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n15s91 199U Firebase
1 \Uaniin Firebase Juun wanaluf Get Started

# Firebase Products v Use Cases Pricing Docs v Community Support Q, Search English ~ Go to console Q

Firebase helps you build
and run successful apps

Backed by Google and loved by app development
teams - from startups to global enterprises

Get started Trydemo | Watch video
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2 HoNAINIALLARNN Firebase project WvinN158519%e project

Gotodocs M

¥ Firebase

Your Firebase projects

pzem-004t

pzem-004t-896ea
+

Add project

<> By kmitlacth

Explore a demo project Firebase projects are
containers for your apps

i0s <>

Apps in a project share features like Real-
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B Firebase pzem-004t Gotodocs @ W

pzem-004t ( seanpan )

<[> pzem-004t <+ Add app

Authentication

Firestore Database Build

Realtime Database
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Storage

Hosting Downloads (7d total) Storage (current

Functions 117MB 65 95.2KB +c0:

Machine Leamning

Release & Monitor

% Extensions

¢ Upgrade
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Firestore Database
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var admin = require(“firebase-admin”);

< var serviceAccount = require("path/to/serviceAccountKey.json");
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# Project Overview

Build A Database secrets are currently deprecated and use a legacy Firebase token
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Database secrets
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Descriptions t Devices Groups

Ui 4.3 wiheing Overview 483 NETPIE 2020

1.4 nasntiulniaviin Device List ieadvgunsaiinazldiveusio lnglaseauves
\5avas iassdiuda dulunisouss Arduino way d@ulunisousa Node-red

LineToE = S

Name Tags Group Create Date

Node-red

& Freeboard project1
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1.5.3 @3U Schema 3gABuY19AR 187U Shadow tdudiulunisiivdoya
Shadow Tuguuuusneg Ineasdeuamdwuy JSON adldlumaiiudeya vise ulasdeya
1.5.4 @ Trigeer nssilaziduduidoumdudaiou

project / device / Node-red @ Edit
Description Key
Client ID 7a19-43c8-9fb4-3c405ca50041 a
Token ) ]
Secret a
Status Offline o
@ Freeboard Enable [ @]
[ EventH
Shadow | Schema | Trigger
@8 Setting
Select a node
v object
(em

Copyright © 2018-2020.Cr=ated by NETPIE

Uil 4.5 i1 ShadowswaziBeauansteyanmelugunsaives NETPIE 2020

'Hbl’ NETRIE . = Q Nawamin v

project Project / device / project] & Edit

B Overview v

Description Key

[ Device List Client D : c3257d37-a5(5-4c42-bbad-39884f10fb82 a
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-
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E io.39
1 e
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Copyright © 2018-2020 Created by NETPIE



UM 4.6 Yayarigndadiunluguiuy Shadow kansguiuu Tree

AMARNUIN

351159119974 Node-Red 1Ua9AU

1.9UndUN1SANAY Node-red
1.1 fimsia NodelS 910 https://nodejs.org/en/download/ fs3u 1.1

Downloads

Download the Node.js source code ora pre-built installer for your platform, and start developing today
Current
e VI &
’
e « N
wr LT
Windows Installer macOS Installer Source Code

Windows Installer (.msi) 1
Windows Binary (.zip) \ '
macOS installer (.pkg)

macOS Binary (tar.gz

Linux Binaries (x86/x64)

Linux Binaries (ARM)

Source Code

UM 9.1 a1ilvian node js

'
v 1 ] U

1.2 . Uanisine CMD wanRuWAd371 d1115U Windows npm install -g-unsafe-
perm node-red #45U1 9.2

35U 2.2 ni19eCMD Tunisiada Node-red
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~ Flows
> B9 Flow 1
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3. BudAunsldeuvas Node-red
3.1 1Un CMD Yusn waniiuiA1ds Node-red ey fagud 2.8

Bl Command Prompt — [m| X

'
o o

UM 2.8 Adslunisienluau node-red

3.2 Wiy Node-red 161910 http://127.0.0.1:1880/ 33U 2.9

B node-red - X

> MTILFUA. json

8-9fb4-3c4056casb0418mgtt: //broker
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3.3 Weiindnsldauann http://127.0.0.1:1880/ Seufeeiisuldausenwuy node
fgas Flow Litelimeuauewnuiiisieaniuuientd angudiaiadugiuans ddanldlunis
aseaIeeinmasliiassnduimun Asgun 1.10

=<2, Node RED
Flow 1 Flow 2
~ common
inject
debug
complete @msg/update split
catch
status
link in
- timestamp U —
comment
~ function |g,y‘_
function
switch

Voit
Current
Power
switch Energy
Frequency
PE

Cost

set msg_payload —— — Date

Energy-Daiabase y — Energy

Energy-AVG-3 Energy-Data-AVG-5

i info i (&) & o

(0]

~ Flows
> E9 Flow 1
> B9 Flow2
> Subflows

> Global Configuration Nodes

E5 Flow1

Flow "85e562f2 1a1d3"

JUT 2.10 Nodevisnuniignesnuuulumsldnuatesaiaeinmaslniassnds

4. iNeaildly Node function

1.Energy-Database
var msgl = {
payload : msg.payload,
topic : "Energy"
}
return msgil;
2.Energy-Data-AVG-5
var msg2 = {
payload : msg.payload,
topic : "Enerrgy AVG"
}

return msg2;


http://127.0.0.1:1880/

NMANUIN 2

TUSHNTUAIUANNITINIIULAZAITUEAINE

#include <ESP8266WiFi.h>
#include<PubSubClient.h>
#include <PZEM004Tv30.h>
#include <Wire.h>

#include <LiquidCrystal 12C.h>
#include <ArduinoJson.h>
#include <FirebaseArduino.h>
#include <time.h>

#ifndef min

#define min(a,b) ((a)<(b)?(a):(b)
#endif

// Config Firebase
#define FIREBASE HOST "pzem-004t-896ea-default-rtdb.firebaseio.com”
#define FIREBASE AUTH "GUVS2NeQOOISIRzZURd 7WSROFXEWuUy 1u0SrVnKdcg'

LiquidCrystal_12C lcd(0x27,16,2);

PZEMO04Tv30 pzem(14,12);// (RX,TX) connect to TX,RX of PZEM
unsigned long previousMillis =0,previousMillis_netpie = 60000, X;
float voltage, current, power, energy, frequency, pf;

float voltage sum, current sum, power sum, energy sum, frequency sum, pf_sum,
total sum;

String payload;

float total;

// Config time

int timezone = 7;

const char* ssid = "3309bpe24";

const char* pass = "246880834";

char ntp_server1[20] = "ntp.ku.ac.th"
char ntp_server2[20] = "fw.eng.ku.ac.th;
char ntp_server3[20] = "time.uni.net.th";
int dst = 0;
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const char* matt_server = "broker.netpie.io"; //connect mqtt

const int mqtt_port = 1883;

unsigned long lastUpdateEnergy = 0, lastUpdateFirebase = 0;
float Volt, Amp, Power;
float Energy = 0;

WiFiClient espClient;
PubSubClient client(espClient);
char msg[256];
void reconnect() {
while (Iclient.connected()) {
Serial.print("Attempting MQTT connection..."”);
if (client.connect("c3237d37-a5f5-4cd2-bbad-39884f10fb82",
"FA26XE50M3Q8KDFTCUEZXb2VAP7Thz5Wm", "lroOIn0IH8!~1zPie30uFwzKsgn8cb$5")) {
Serial.printin("connected"),
client.subscribe("@msg/power"),
}else {
Serial.print("failed, rc = ");
Serial.print(client.state());
Serial.printin("try again in 5 seconds");
delay(5000);
}
}
}

void callback(char* topic, byte* payload, unsigned int length) {
Serial.print("Message arrived [");
Serial.print(topic);
Serial.print("]: ");
String message;
for (inti = 0;i < length; i++) {
message = message + (char)payloadli];
}
Serial.printin(message);
if (String(topic) == "@msg/power") {
if (message == "reset") {

pzem.resetEnergy();



void setup() {
Serial.begin(115200);
Serial.print("connecting to ");
WiFi.begin(ssid,pass);//phone esp8266
while(WiFi.status() = WL_CONNECTED)
{
Serial.print(".");
delay(500);
}
Serial.printtn("");

Serial.print("IP Address : "),
Serial.printin(WiFi.locallP());
client.setServer(mgtt_server, mqtt_port); //mqtt
client.setCallback(callback);

L.

Serial.printin("WiFi connected");
L.
L.

configTime(timezone * 3600, dst, ntp_serverl, ntp server2, ntp_server3);
Serial.printin("Waiting for time");
while (time(nullptr)) {
Serial.print(".");
delay(500);
}
Serial.print(n();
Serial.printin("Now: " + getTime());
Firebase.begin(FIREBASE HOST, FIREBASE AUTH);
}
void loop ()
{
voltage = pzem.voltage(),
iflvoltage != NAN)X
Serial.print("Voltage: "); Serial.print(voltage); Serial.println("V");
/*lcd.setCursor(0,0);
led.print("V=");
lcd.print(voltage,0);*/
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}else {

Serial.printin("Error reading voltage");

current = pzem.current();
iflcurrent 1= NAN)X
Serial.print("Current: "); Serial.print(current); Serial.printin("A");
/*lcd.setCursor(7,0);
lcd.print("A=");
lcd.print(current,2);*/
}else {

Serial.printin("Error reading current");

power = pzem.power();
if(current 1= NANX
Serial.print("Power: "), Serial.print(power); Serial.printin("W");
/*lcd.setCursor(0,1);
lcd.print("P=");
lcd.print(power,2);*/
}else {

Serial.printin("Error reading power"),

energy = pzem.energy();
if(current = NAN){

Serial.print("Energy: "); Serial.print(energy,3); Serial.printin("kWh");
}else {

Serial.printin("Error reading energy");

frequency = pzem.frequency();
if(current 1= NANX

Serial.print("Frequency: "); Serial.print(frequency, 1); Serial.printin("Hz");
}else {

Serial.printin("Error reading frequency");
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pf = pzem.pf();

if(current 1= NANX
Serial.print("PF: "); Serial.print(pf);
/*\cd.setCursor(8,1);
lcd.print("PF=");
lcd.print(pf,2);*/

}else {

Serial.printin("Error reading power factor"),

float sum = 0;

total = sum;

float unit;

unit = energy;

iflenergy!=150){

float Ratel5 = 2.3488;

float Rate25 = 2.9882;

float Rate35 = 3.2405;

float Rate100 = 3.6237;

float Rate150 = 3.7171;

float Rated00 = 4.2218;

float RateMored00 = 4.4217;
iflunit>=0)
total+=min(unit,15)*Rate15;
if(unit>=16)
total+=min(unit-15,10)*Rate25;
if(unit>=26)
total+=min(unit-25,10)*Rate35;
iflunit>=36)
total+=min(unit-35,65)*Rate100;
if(lunit>=101)
total+=min(unit-100,50)*Rate150;
if(unit>=151)
total+=min(unit-150,250)*Rated00;
if(unit>=400)
total+=unit*RateMored00;
Jelsef

float overRate150 = 3.2484;



float overRated00 = 4.2218;

float overRateMored00 = 4.4217;
total+=min(unit,150)*overRate150;
if(lunit>=151)
total+=min(unit-150,150)*overRated00;
if(unit>=401)
total+=(unit-400)*overRateMored00;

}

Serial.print("\ncallbill = ");
Serial.printin(total);

Serial.print(n();
delay(0);
Firebaseconnect();
MQTT();
}
void Firebaseconnect(}
// update to firebase
if ((millis() - lastUpdateEnergy) >= 1000) {
lastUpdateEnergy = millis();
unsigned long startTime = millis();
/*Volt = pzem.voltage(),
Volt = Volt > 0 7 Volt : 0;
Amp = pzem.current();
Amp = Amp > 0 7 Amp : 0;
Power = Volt * Amp;*/
Energy = energy;

//Energy = Energy > 0 7 Energy : 0;

time_t now = time(nullptr);
struct tm* nowTime = localtime(&now);
if ((nowTime->tm_sec % 60) == 0) {

lastUpdateFirebase = millis();

StaticJsonBuffer<200> jsonBuffer;
JsonObject& root = jsonBuffer.createObject();
root["energy"] = Energy;

//root["amp"] = Amp;



}

root["time"] = getTime();

String name = Firebase.push("/logPower", root);
// handle error
if (Firebase.failed()) {
Serial.print("pushing failed:");
Serial.printin(Firebase.error());
return;
}
Serial.print("pushed: /logPower/")

Serial.printin(name);

Firebase.setFloat("/energy", Energy);

if (Firebase.failed()) {
Serial.print("pushing failed:");
Serial.printn(Firebase.error());
return;

}

Firebase.setFloat("/amount", total);
if (Firebase.failed()) {
Serial.print("pushing failed:");
Serial.printin(Firebase.error());
return;
}
}
delay(0);

String getTime() {

time_t now = time(nullptr);

struct tm* newtime = localtime(&now);
String tmpNow = "

tmpNow += String(newtime->tm_year + 1900);
tmpNow +="-"

tmpNow += String(newtime->tm_mon + 1);

tmpNow += "'
tmpNow += String(newtime->tm_mday);
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non,

tmpNow +=""1

tmpNow += String(newtime->tm_hour);
tmpNow +="";

tmpNow += String(newtime->tm_min);
tmpNow +=""

tmpNow += String(newtime->tm_sec);

return tmpNow;

void MQTT(){

if (Iclient.connected(X
reconnect();//***check connection mqtt

}

client.loop();

unsigned long currentMillis = millis();
if (currentMillis - previousMillis >= 1000){//run every 1 second

previousMillis = currentMillis;

//———-Publish value(Realtime message)------
payload = String(voltage) + "," + String(current) +"," + String(power) +"," +
String(energy) + "," + String(frequency) + "," + String(pf) + "," + String(total);
Serial.println(payload);
payload.toCharArray(msg, (payload.length() + 1))

client.publish("@mse/update”, mse);

X++;
voltage _sum += voltage;
current_sum += current;
power_sum += power;
energy_sum += energy;
frequency sum += frequency;
pf sum += pf;

//total_sum += total;
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if (currentMillis - previousMillis_netpie >= 1000) { //é]y’maﬂ,umsé’wmwﬁu NETPIE
[{adiun]
previousMillis_netpie = currentMillis;

voltage = voltage sum / x;
current = current_sum / x;
power = power_sum / X;
energy = energy_sum/ x;
frequency = frequency sum / x;
pf = pf sum / x;

//total = total_sum / x;

payload = "{\"data\": {\"V\":" + String(voltage) + ", \"\"" + String(current) + ", \"P\":" +
String(power) + ", \"E\":" + String(energy) + ", \"f\":" + String(frequency) + ", \"PF\":" +
String(pf) + ", \"bath\":" + String(total) + "}";

Serial.printin(payload);

payload.toCharArray(msg, (payload.length() + 1));

client.publish(*@shadow/data/update”, msg);

//-----Clear PM value------
voltage sum = 0;
current_sum = 0;
power_sum = 0,

energy sum = 0;
frequency sum = 0;

pf sum = 0;

x = 0;

total_sum = 0;





