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ABSTRACT

This thesis presents the design of a smart 3 phase electric meter to show the electrical
parameters, and alert when an unusual event occurs. It designs ready-to-use conditions
and checks for electrical faults. The parameters include voltage, current, power, power
factor, frequency, total harmonics distortion. For this project, parameters will be used
to calculate electrical faults such as total harmonic distortion, which causes damage,
and display on loT system which is easy to monitor. In this experiment, we simulate
both normal and abnormal conditions. When the designed circuit detects an

abnormality, it gives a quick notification.
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seovlna Tufldiie Smart Meter [6] Fsagiinnuannsalumsndmnsdimeinsniuas
doansteyalsodrsutiuduazdeillos nfsdausaiuteyal idmsumsiongdoundsld
Snsne ilefvvdedoyaludomireyszinanananaiiolinneinmsuuazdsdoyaligldny

nsuluiign

2.3.2 Node MCU (ESP8266)
Aimwsislasreon Node MCU Wiy platform fieenuuuynagiatu Node

N13vNUEee 9 way 190197 Lua lun1silsulusunsy ueeie Platform iazaintunisladu



ManguiinWanves ESP8266 Atavti1 Node MCU (ESP8266) anussaluiiuuesiavdaves
ARDUINO IDE (ESP8266) leidaldinswamnselianunsaideulunie C++ vdsandiuedn
Node MCU (ESP8266) 1 in15Wmiuuy ARDUINO IDE 138uosuda winidud i deuidu
lulasreulnsaianfogronasdomduuam ¢/Cr+ Famwidannsaluldniraainmane
N1 Lua [7]

5Ufl 2.3.2 : Node MCU (ESP8266)

2.3.3 Arduino Mega 2560

Unsafifanuaninsovanvatslunisvang imannsafingdenistiduly
auiigeenisle Taeldends w1 Crt ileflagrimuafudsengg saudenismensneg il
AOINTT T,maiuﬁﬁiﬁﬁﬂmsa%’wﬁ’mmmmwwmG] Fuun W 5ULLUUé’mmm"Leﬁﬁ sULuU
Fyanaiamany Las JULUUEYMAmMAD \Woflavenunsaidaiamaniunduaam
fin 9%THD(Total Harmonic Distorsion) Inglgvinsladlsiduiioudasdyanaiiadretuuni
910 Time Domain Uil Frequency Domain WoTlazanusawiunsuuunnisld dansimil
WendTursiazensueiin ddauvialusvas snduiahdusavdduresensueinu
AIUIUNIAT %THD(Total Harmonic Distorsion) 1@ wd239dspneanluniy pin(@a) 7437
fviun lUggunsalinegisfaansiiaglvilaniua

5Ufl 2.3.3 Arduino Mega 2560



2.3.4 PZEM004t

Tugainnisldndenulniin Idiausadulnihvesndu dadnssualniinves
gunsalluihald deeridalndia uwagdnArmdalndidetdalus (Wh) Fsaunsadidmaniily
Teuanaluiild wieTanisldndsnuvenasadddlniudasdu Feluddisnhundu

w3 esdeagaglunisAmisdimeinieliii ewingunsalddanuauisauideny

Arduino uag WBeudd C++ I ndantusddiinisfivauavdsaeentudadldauli

anunsaiuAmsfiwesatagmisiniala [81, [9]

sUfl 2.3.4 PZEM0O4t

AC POWER
SUPPLY

L4

i\

ﬁDGéé

MEASUREMENT
SYSTEM

SIGMNAL »

MOILYT1051
d3id I"lfiljﬂ.l.d o

TTL

INTERFACE

g

GND
X
RX
5v

3U#1 2.3.4.1 PZEM-004T-100A Functional block diagram




PZEM-004T-100A wiring diagram

load'

TTL to USB cable PC

€ N
U: AC80~260V
1:0~100A

3‘1]‘17; 2.3.4.2 PZEM-004T-100A wring diagram

2.3.5 Grafana
unasesufioanuuuiiiesesiuau loT flazvinligunsalinefousieiin
AuszuunIunedumnaesiila [10] a1uisaaiuaunIsinueesgunsalainsseylnanu
wanndiaduuulnsdnst Tnsunandlasuiituayannsnuansamnsdino finaligldnudy
Asinaqlel vdsaniinisiiudeyalu InfluxDB fisudesaunnain Node-red

sUn
U

2.3.4 wwanwWasy Grafana

2.3.6 InfluxDB
[~ 4 d' o al' d' o Y o = [
LUuLLwaWWE]iummLaua‘l,ug‘dLLU'UL'Jm‘mwmﬂwmat,waml‘d%ammlﬁaug
LAy IATE U UL NN TULAZNTEUIUNITNNGININNUSEAN IUENINLINRBUNITNIUN
nanvanedululaednlul® 1ae InfluxDB [101,[14] A9 time series, metrics wag analytics
database 4 14T8UAI8N 181 Go (Golang : iun1wfignadialae Google) @ sludoinis

external dependency laqiae wazludagtuiiiesduaian Felssuuuuanisdfgidnun



Aan1stanIwn SQL, & HTTP(S) API mmimﬁu%;ﬂalé’aEJ’NmmaaﬁLﬁm wazdannnaladne
a v P ~ ° ]
dnm1e Fnnunzaunaziunlglalnedie

2.3.7 Node-RED

[17] mu‘ﬁ'wj@ﬁu’iﬁ “Node-RED is a visual tool for wiring the Internet of
Things” TagluAumsNgves Intermnet of Things Avduves guUnsal Hardware, APIs YRS
Tun1sldmouniedoansiu Hardware, 8niadafidesesaulatannmiasnuuinisieg fai
IlenSuazidennldane dn1sly Browser lunsilisu Flow Tuguuuusngg waddeivuna
sy vdsntuwihnsannidudenddetunudigdarilddninaeily fagusud
l@5aseuon

Tny Node-RED tutsnansnsafiazrildadrmiesenuuuliinisuanmaly
'g‘tJwamﬂﬁmﬁaqmﬂﬁ Tuitifldvinisasns node JurnifieflasSuAmnsimessneg Wy
wsauliiI (V) Aszualniiaga) g elifnew) fFaussnaufids Arrud(Hz) wazaIndeany
T 1(kWh) 5906 981 % THD(Total Harmonic Distorsion) Tag$UA 9 @ 111911 Node
MCU(ESP826) tun1s MQTT Tnadssuu WIFL 1 udaid ounesssuuiiofi aslv dayaynos
awnsodsiAmumaisafuiuisivualle Tuidiu lussas node fagvinnsuru
211 Node MCU(ESP8266) uardinsiamuaie publish iftefiagliaailisidesnisasluss
node isinunldegnagnies Tniudsinisloadussnine node Tum payload wtash
AMILARIANTILFTULA LA NINTERNIUUNTANNSRARINA T ULUUAIE wavausai
sznsavaeuldlnedie Tnsusannsauilaidunisudaiiouliided finansuaoe nunduiv
ni1dadaiad fvue w5 eaud uiasgulemvualy 1wy e % THD(Total Harmonic
Distorsion) 1 8% AufisnAsgIu IEEE 519 Anualifazinisudaieusanuiliginsiaaey
nvouanINalanIIu

2.4 Bann15A1UIa THD (Total Harmonic Distortion)

@

THD (Total Harmonic Distortion) [11] @8A 1A 10N 8 ulA8 IV D& ey 1o

'
=

Harmonic MART UL B8 UAUAIANNDKEN BNA1DE1TUFYYIU sine wave NHAIUA
100Hz Wi lUuadidyaaiiiodneg eanuililaduaainud 100Hz wie193 200Hz 300Hz

500Hz Yueanuiieg Favziinavilvisuaduneenundanuraiisulyaina



7 N
NS

Nl

[T

4 o
ANUDNRAN
(Fundamental

Pure sinewave)

Harmonic

ANMVDVAN +

Harmonic

_—

UM 2.4 udnsinegneanuananfaun1RANEULAZ AN SRALNEY

Tan15111@1 THD duanuinsasiuiadlaann

VI, (Vi) + Vioise
Vi

THD + N(%) = x 100

Ul 2.4.1 @un13NNIAILIAIMIAT %THD

' '
I a a

N1581UAN %THDAB A% THD BellAtoeningAuI e minmNeont1ul JaAngentuLes

watd e931nn1sTaguad udguiuduuuy sine wave (Time Domain) 310
Oscilloscope aza1u1savitaeindedudosldvannas Fourer transform Tuaglugy

Frequency Domain AouisagaIuIanIAIATIIAMLANAILIMIRY

Volt
Volt

| \ Time |:>
Oscilloscope Frequency

FFT (Fast Fourier Transform)

20kHz

10Hz

gﬂﬁ 2.4.2 udnen1sulasain Time Domain Wy Frequency Domain
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2.5 nann1sA1uIng (Fast Fourier Transform: FFT)

wmAlANTIATIEENES (Fourier Analysishluwmalindnsudmsunsiasizissuy
LaEN1SIATIERd Y10l LAT el odARYoINITIAT BT usABaunTuNLTes (Fourier
Series) Mldunsiaseiiledyaandudayaaiiiuniu (Periodic signals) wavniswuasy

'
fa o

'S5 (Fourier Transform) @ 4ldun153as1zviadanaliiduaiunandsaudina (Finite

L Ag)

=

energy) naaAt2911a1 @ sludid nrseuiadl 2 gULUUAe WUy DFT(Discrete Fourier
Transform) UazIUU FFT(Fast Fourier Transform) ustiiosannlumsufdianisldsuuuu DFT
fmiinuldvos Wumssnaludiiasnudronaiunsad Wudu Seesdaiin
ansoutdgmunanildlasnindenldzuuuy FIT agdusnagnanidnuuunilsldingld
FFT Tun1seuaas DFT senisuszunasaansuresdyaialaquny ieswinsiading
wuu DFT UnfuegrannuidamiisumenaasiliAnnisianainvesdayaduunm

PuITeyanINIY

[4], [5] FFT (Fast Fourier Transform) lasunisanaulnevnadnmians 2 vinude
Cooley waz Tukey Tnefgominldiiauonisanduiineasisalud aa 1965 nsel w.a.
2508 L5U38AITNITATUIUNIURaNNT5VBY Cooley Waz Tukey 91 Cooley-Tukey FFT %38
CT-FFT lufiflavandeg13n13dIuan FET aua 8 9afAe n13A1uam 8 9a DFT A2
Sanessa FFT lumsudsnsausnangaunis

3

X(m) = ZSZOx(Zn)WAf”” T Wgnz X@n o DWM = X,(m) + WX, (m) (1)

n=0

X(m+4) = 23 x(2n)w,™ — wgt 23 x2n+ D W™ = Xo(m) —Wg"X;(m)  (2)
n=0

n=0
ng
®  Xo(m) 1Uu DFT w119 ¢ 90983 x(0)x(2),X(4),X(6) waz
®  Xy(m) 1Ju DFT w119 4 9a983 x(1)x(3)x(5),X(7)

JUT 2.5.1 wandlaasunsunislandsnisuus 8 9a DFT wUu 4 9 DFT 2 du uae butterfly
operations LBTINIEDIAIUTIBAY

[

d7uD9 Xo(m) MLAINN15uUa 4 99 wuu DFT 10U 2 90 wuu DFT ligasdiudiail

1 1
XO (m) = E o x(4n)W2mn + W4m E 0x(4n + 2) Wzmn = XO,O (m) + W4mX0’1 (m) (3)
n= n=
1

1
X(m + 2) = Z x(4n)W2mn - W4_m Z x(47’l + 2) Wzmn = XO‘O(m) - W4mX0‘1(m) (4’)
n=0 n=0

1ng

®  Xoo(m) 10u DFT wun 2 9aues x(0),x(4), uas

® X, (m) :Ju DFT w101 2 99989 x(2)X(6)
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Tumadendu X;(m) agla

1 1
X, (m) = E 0x(4n + W + W E x(4n + 3) W™ = X, o(m) + W)X, 1 (m) (5)
n=

n=0

1 1
X,(m+2) = Z x(4n + DWW — W Z x(4n + 3) W™ = X, o(m) — WX, ,(m) (6)
n=0 n=0

1ng

® X, o(m) 1Ju DFT vum 2 099 X(1),x(5), wag

® X ;(m) 10U DFT 9u1n 2 90383 x(3),X(7)
NMTIATIEN 2 90 WUU DFT Iag x(0) uag x(1) 1udunm amdemazl

X(0) = E ’ x(MWm = x(0) + x(1) @)
n=0
1

X(1) = E =0x(n)W2” =x(0) —x(DW, = x(0) — x(1) (8)

{99910 W, = e 772 = o T — 1 quifiui i 2 99 WUUDFT lean butterfly operation

wuus twiddle factor windu 1 fadu aglé
X0,0(0) = x(0) + x(4)
Xao(1) = X(0) - X(@)
X0,1(0) = x(2) + x(6)
Xo,1(1) = x(2) - x(6)
X1,000) = x(1) + x(5)
Xi1,0(1) = x(1) - x(5)
X110) = x(3) + x(7)

X1,1(1) = x(3) - x(7)
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%9970 butterfly operation 91U2U 4 A7 usazsiagdl twiddle factors winfiu 1

x(0)

R > »—o > X(0)
x(4) >< ) \ / X1 ‘\ / X(1)
x(2) X, (0 W, ><><XJ3' \\// _X@2)
x(6) >< X, (1 w'/ \_ X® \ >O< / »X(3)
x(1) X, {0 X0 W N X(4)
i >< w2 e A K N\ X(5)
x(3) xl (0) W % X2 w3 _ /A\ ‘X(6)
x(7) ><\,.m “/ \ X0 w:‘/ \ > X(7)

5Uil 2.5.1 laezunsunisiva (dataflow diagram) U84n13ANLAAL 8 30 WUU DFT
A835CT-FFT 210 8 90

HAIINNISAININ 2 90 WUU DFT 113 8 ¢ aztirludruans Xo(m) waeg Xo(m+2) dmsu m =

0,1 La¥AIWIN Xi(m) kay Xi(m+2) 195U m = 0,1 ANaNn1S7 (3) Deaunisn (6) agla

NAANSAD

Xo(O) = XOO(O) + W40XO,1(O) 53 Xoo(O) + X01(O)

Xo(2)

Xo(1) = Xoo(1) + Wa'Xp1(1) = Xoo(1)

Xo(4)
X1(0)
Xi(2)
Xi(1)

X,(4)

= Xo0(0) -

= Xoo(1) - Wa'Xo4(1)

Wi X01(0) = Xo0(0) - Xg1(0)

- Xoa(1)

= Xo0(0) + jXo.(1)

= X10(0) + Wi°X11(0) = X10(0) + X14(0)

= X10(0) - WaX1.1(0) = X1,6(0) - X14(0)

= X1o(1) + Wi'X11(1) = Xi(1)

= X10(1) - Wa'Xy4(1)

- jX14(1)

= Xio(1) + X1 1(1)

Tnglaunain butterfly operation 113U 4 dnuulAeInu lng 2 @il twiddle factor winAu

W,

= 1 @udn 2 il twiddle factor = W,

_ o AN

= e_ﬂT/Z = —j
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HAINNTAIUIN 2 9 WUU DFT Wa 8 ARggneluAIuI X(m) kag Xo(m+4)
d95U m = 0,1,2,3 muaunsi (1) wazaunisit (2) azldnaansidu
X(0) = X(0) + Wg’X1(0)
X(1) = Xo(0) - Wa’X1(0)
X(2) = Xo(1) + Ws'X(1)
X(3) = Xo(1) — We'X(1)
X(3) = Xo(2) + We'X(2)
X(5) = Xo(2) = We'X1(2)
X(6) = Xo(3) + WeXy(3)
X(7) = Xo(3) — We’X(3)
17310 butterfly operation fa91uau 4 §1333 twiddle factor = W™ m = 0,1.2,3

FusraunsadeulaezunsunsinaannisAwin 8 3a wuu FFT dldamuuandlugy
# 2.4.1 lpgdlrndunn x(n) nNeudeidng butterfly operation 1ien1sAILIN 2 37 LUY
DFT H37U9U 4 67 92LANad N5 Xoo(m), Xo.(m), Xio(m) wag Xi(m) @195U m = 1 131
SpuTUAOUNIIAIUINIIN stage 1 HaaNSTIAaIN stage 1 aztluABunaliiu butterfly

. o Y A U eal v dy [ 1 a v
operation 97U 4 f2lU stage 9 2 LazNAANSALARIN stage u%mﬂumauwﬂw butterfly
operation lu stage 91 3 91n5U# 2.4.1 2gld

972U butterfly operation Wsiag stage = N/ 4 9)
U stage = log, N = log, 2¢ = k (10)
. g N N . kN
371U butterfly operation Meuun = Etogz N = ;Logz 2% = > (11)

111893970 butterfly operation e aiin15AMIavLTITaY 1 ATILATNITUINLAY

Wetau 2 A9 lun13AmIn N 90 Wuu DFT a9e N 9@ wuu FFT dnnsaauauifetauriaonia

N ~

ELOgZ N Lazdin1sulaniaudsgou Nlog, N ATY d1SUnIsATUIMAINTAIToNU N1SAUINM DFT

ilsgadenihnisganaudsteudiuiu N p¥auazyhnisuan N-1 asa dedunisduom N 0
wuy DFT mufienasiosnisldmsnamionun N2 ass wagnisuaniiesua (N-1)2 sunsnedl 1
WIBUgUUTUIUNTAMLAZNITUINTENINNITAIUIN N 90 WUU DFT aufleny wagnis
AR N 9 WUy FFT



M13197 2.5.1 WiguLiiguUsanaunsanMLazn1suINavBIdaudmiunIsAuI DFT

AUTENULAZATUIUAY

FF]-CI- N = 2k '\i']u’JUﬂ%\ﬁJENﬂ’]iU’Jﬂ im’mmxwaqmsqm
mudey FFT AeW/FFT RPOVTIRbY FFT Ue/FFT

i 16 225 64 35 256 32 8

6 64 3969 384 103 4096 192 21.3

8 256 65025 2048 31.8 65536 1024 64

10 | 1024 1.04 x 10° | 1.02 x 10? 102.2 1.05 x 10% | 5.12 x 10? 204.8

12| 4096 1.68 x 107 | 4.92 x 10* 3412 1.68 x 107 | 2.46 x 10* 682.7

14 | 16384 2.68 x 108 | 2.29 x 10° | 1.17 x 103 | 2.68 x 10® | 1.15 x 10° | 2.34 x 103
16 | 65536 | 4.29 x 10° | 1.05 x 10% | 4.09 x 10% | 4.29 x 10° | 5.24 x 10° | 8.19 x 10?
18 | 262144 | 6.87 x 1010] 4.72 x 106 | 1.45 x 10* | 6.87 x 101° | 2.36 x 106 | 2.91 x 10?
20 | 1048576 | 1.10 x 10'? | 2.10 x 107 | 5.24 x 10* | 1.10 x 10* | 1.05 x 107 | 1.05 x 10°

14



UNN 3

ATNITANEIUITURAZNISDANLUU

3.1 ATWIIUVDIBIAUILNDUNANVDITLUU
Tun1598NKUUNISYINIINYRINTIAINAN 3 Wadaasey IneunanazUsenaulusie

1. fudumesin lneldluga PZEMO04t Feanunsatnaiuuamisluinle 6 aildwn
wsasiu, nazualnil, Maslui, ndsmulidn, dusznaumdalniy, aud wasidudeoya
AIneadeaunsnasnludl Arduino Mega 2560 faSerial Rx, Tx Lilalanina deazninlunig

AT

2. Arduino Mega 2560 LUuguUnsaififasldsindu luga PZEM004t Tlunissudeya
a S o & Y o A [ o §
wazwanang dnviadlusiiuszulanalunisdnaesgupaudyaalnfiuasiuinumesiau

Total Harmonic Distortion
3. NodeMCU(ESP8266) sivwhilidushdstioyaluéiassuu Data logging

4. Internet of Things (IoT) yimiiidusasunardadona TasflusunsauNode-RED
FuAL191n ESP8266 Hu MQTT Protocol wazdadayaluiiulily Database (InfluxDB) wa
99NLUY Dashboard (Grafana) Lﬁaﬁﬂsﬁauﬂamuam

Data Logging

% - - ; ; Message Broker
~ f Mosquitto
= T (&)
|
PZEMO004t ESP8266 e e e

Arduino Mega 2560

o w o

JUN 3.1 draunsvineuvesgunsal
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Tumsvhauvesgunsal wusmsieuesniduaudin lown
1.ms¥udsdayasening PZEM004t-Arduino Mega 2560,
2.M35udeloyasendng Arduino Mega 2560-ESP8266,
3.n35vdstayasening ESP8266-Raspberry Pi 3

3.2 M35udetiayasendng PZEM004t-Arduino Mega 2560

1 [y

299sIUIEes PZEMO0At Wausaiuliiiu 1 ia 220 Vac awnsasielsaslasagui

LYY

3.2 Weldpunaiasauda mwuwesavsudyaulnidadudygynouidonnasuvandu

g

[

o uRInea Lavdwr1eenluds Arduino Mega 2560 LUAMNITIEABTAS

o

viaaalvl 50 W

PZEMO004t

™, T Transformer

Logic Level
Converter §

LYY

Ul

sUfl 3.2 n1sripasasmssudstayaszudng PZEMO04t-Arduino Mega 2560

Togudeygia Ry Tx 9nmule03aid1iuan GPIO 71 11,10 @1ua1au wagel Gnd AU 5V
PNEBULOIABLUN Logic Level Converter B9 5 V 7151911290 5V 983 Arduino Mega 2560
dubls 3.3V azlalududaly
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3.3 A133udetayasendng Arduino Mega 2560-NodeMCU(ESP8266)

Logic Level

Converter

0

L0
&*
ESP8266

Uil 3.4 m3siasasiudedoyaszning Arduino Mega 2560-ESP8266

\lo Arduino Mega 2560 $uAnunaIn@ugasLa1959MnsaeAIN LN Serial Firuunds
aflmiaﬁimmﬂéfﬁqgﬂﬁ 3.4 Taefinou) GPIO 910 Arduino Mega 2560 w1l 9,8 safitls 5v
989 Logic Level Converter wavaanbUfails 3.3V uazsalufivn GPIO i 5,2 vaq ESP8266

ANUAINU
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3.4 nM3Tudedayasendng ESP8266-Raspberry Pi 3

w&aRndl ESP8266 lesuruda ESP8266 farusndulunsideuse Wifi ieafudiu
Raspberry Pi 3 el Hub 19 Mosquitto (mqtt), InfluxDB, Grafana 168 oansiusening
guUnnl n&99INESPB26618Yinn1s publish AusazATlULED Feil matt 1 Broker lunisse
$uteya wavanansassaldlulusunsu Node-RED

mosavitto
® =

MQTT

[ Client ] [ Client |
[+ eanaane

JUN 3.11 A99E19N15IN9Uva9UnTallagk Broker Mosquitto

7 https://randomnerdtutorials.com/what-is-mgtt-and-how-it-works/

[ R
v A

IngtumaunsdwlayausiasAItiy Sudusasiste topic Werfuiieligunsnideansisiuway
dedoyalignses

ESP-mgtt

println (powexl);

Seria ntln{energyl);

Seri ntln(frequencyl);

Serial.pxintln(THD);

DataString = "Voltage : "+flcat{woltagel, 4)+" V";
DataString.toCharfRrray({msg, 50);

Serial.print ("Pukblish message: ");
Serial.println(msg);

client.publish("test/Voltagel"”, String(wvoltagel,4).c_str(),true);

35U 3.12 M3As¥a topic Liladedaya



Q filter nodes ‘ Flow 1

¥ common

¢ comment

S .
EYs

v function

/

@ connected

@ connected

@ connected

@ connected

[ ] conneclek \\ \
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Flov Edit mqttin node

Delete Cancel m

J £+ Properties ‘ i B H
@ Server MQTT Broker v &
= Topic
& QoS 2 v
® Output auto-detect (string or buffer) ~
¥ Name Voltage-p1

|

|

|

e N
\\ )u_anabled I

U7 3.13 M3As%a topic Lita3utaya

3.5 mnﬁu%’aa‘gﬂu InfluxDB (Database) wasuaniNauu Grafana (Dashboard)

183939n7 matt LA SuTayauda aevian15dlud InfluxDB i e udayalily
Database 7laasn93ulu Raspberry Pi 3 %911 Sensors @4ku Database Sensors Uuagdle
YoInTnasan 9 ignasuiull

Flow 1

Edit influxdb out node

T
Delete

Cancel Dong

| u # Properties { o B
1{ | ‘" &

W Name : influx-Voltage1
W W &

= Server [v1.x] 127.0.0.1:8086/Sensors v

[v1.x] 127.0.0.1:8086/Sensors
M Measurement| Add new influxdb...

[ Advanced Query Options

Tip: If no retention palicy is specified, autogen will be assumed

g‘lJ‘ﬁ 3.14 mqtt de‘ﬁ'aa&aﬁa‘lﬂtﬁu‘l”ﬂu Database 3831 Sensors
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anunsansvaeuIiiveyaitiiuilu Database lalngf1ds Command Tu Raspberry Pi 3

X Actions ~ 5 View + 5! Communicate ~ [5. Files & Extras = &

% Ii::l Ueam\f\ ewer] pi@raspberrypi: ~

File Edit Tabs Help

i@raspbe

5UN 3.15 Yayalu Database Fa Sensors

wiundvoyanledwnan ESP8266 g MQTT broker finauauruluswnsy
Node-RED U1 Database 911 Sensors 138usesuad Tudiuwed Grafana azaunsawiy
Database lensawiald host weruddlanaildlunianuin

5UTl 3.16 @319 Dashboard Tagiaufiu Database 1 localhost 43 Wifi



21

dleweuriu Database wddvzannsafloyafigniiuliuiuaninalsuu Dashboard way

JUABDUNITHIAINTLARINATZNATILUAIANUIN

219.70v  0.220x

0.048w 0.12wn 25.77 %

U1 3.17 Dashboard NaAINAINYULDS

3.6 N19918098 YYIULAZAIUIMNLUBS LU Total Harmonic Distortion (THD) Tu
Arduino Mega 2560 was MATLAB

Tunisdnenilldsiaesdyanann Arduino Mega 2560 witeldlunsiuaam Total
Harmonic Distortion Iﬂ&lmﬁﬁ%’mauﬂ’liﬁ’ﬁgaﬁmﬁhﬂ g (l%ﬂ,ﬂmm?{au,?{m?{smﬂu Time
domain Lﬁaﬁi’ﬂaaagﬂLmué’zgiyﬂmmmSmaqé’iyigmivdﬁﬁ g uduns wazily
fual 899 Time domain ilumusumitesidu THD IdenTssdudedd Fourier
Transform vt o wUasdayayaidu Frequency Domain §ludi dasldunu Fast Fourier

Transform

File Edit View Insert Tools Deskiop Window Help

e 388N E

150

X100
Y 110

100 ‘
X 150

Y 55

50 f X2po

Y 27 X 250
Y 11.25

gﬂﬁ 3.18 Frequency Domain i MATLAB



570.000000H2
572, 5000008z
575.000000Hz
577.5000008z
SE80. 0000000
SEZ.500000Hz
585.000000H
SE7.500000Hz
550,000000Hz
592.500000H2
595, 0000008
557 .500000Hz
€00, 0000008
€02, 5000000
€05, 000000HZ
607 . 5000002
€10,000000Hz
€12, 5000000z
€15.000000H2
€17, 5000008z
620, 000000HEZ
€22.5000008z
€25.000000Hz
€27.500000HZ
630.000000H
€32.500000Hz
€35, 0000000z
E37.500000H2

&

£3=150.203548
f4m200 . 391357
£5=250. 489227

ATHD = 0.00 %

0
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.0ooo
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f1=50.097646HE 237.204%
£2=100.1956%3kKz
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JUT 3.19 wiieauansnanisitaesdynnasUraulyiuaziuiniasitu THD

570. 0000001
572.500000Hz
5750000000z
537.50000082
580, 000000HT
58245000000z
S5, 0000008z
S87,.500000Hz
5890 000000Hz
582 . 5000008z

GO0000Hz

607. 50000012
1000000 0HT
612
815
§17,5000000H
620, 00G000RZ
622 . 500000082
625, 0000000z
627.500000HZ
&30. 00000012
632, 5000000z
635.000000Hz
637 . 5000008z

f1=50.097846Hz
£2=100.195603Hz 118

£3=150.293548Hz
£4=200.391387Hz
£5=250.48922THz

ATHD = 57.62

%
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0001
0ool
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0000
0000
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L0002
G005
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Laooo
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L0000
000G
L0000
.0goo
L, 0000
0000
0000
0000
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0000
0000
oo
0000
0000
0000
0020

Tu Arduino Mega 2560

237.2038

=] Awtnzcroll [ Show bmestamp

LE028
55,3016
25,8508
14.8253

Holine ending | | 115200 boud

JUT 3.20 wiiasuaasnan sinaasdyyasUAduEmRABNLAzA UM a ST

THD Tu Arduino Mega 2560



[570. 0000008z
572, S00000Hz
575, 000000HZ
577.500000Hz
550, 000000Hz
562, S00000HZ
585.000000Hz
557, S00000Hz
580, 000000HZ
552 . S00000Hz
595, 000000Hz
597, S00000Hz
£00. 000000Hz
602, S00000Hz
£05 . 000000HZ
§07. 5000008z
610, 000000Hz
£12. S00000Hz
£15.000000Hz
617, 500000Hz
£20. 000000HZ
622 . 500000Hz
625, 000000Hz
£27. S00000Hz
630. 000000Hz
632, 500000Hz
£35 . 000000Hz
637. 500000Hz

0. 0001
0. 0000
2.0001
0. 0000
0. 0000
0. 0000
0. 0000
0. 0002
0.00035
0.0002
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
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0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000
0. 0000

f1=50.097846Hz 237.2044

£2=100.195653Hz
L3=150.293548Hz
f4=200. 39138 THz
LS=250.48022THz

RTHD = 25.77 %

= =

0.0011
55.3013
0. 0004

Ya--2253
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JUT 3.21 niiasuansnan1sitaasdyyinUaauimasulazAuaasidy
THD Tu Arduino Mega 2560

PLOTS QPTIONS -
Jocuments » MATLAB ¥ ) | 2 7 | oy | N v
D} Command Windiy W =2, ™ a l’a NS P= 1 17/ 7Y ala PRI ®©
New to MATLAB? See resources for Getting Started X | Name ~ Value
. 131.0538 84.1904 322807 -21.5638 <=74.1158 -122.2255 -163.0092 =194.0227 -213.4069 &
f 1x257 double
Fs 1280
Columns 481 through 490 harmonicMag... 220
harmanicOrder 1
-220.0000 -213.4069 -154.0227 -163.0082 -122.2255 -74.1158 -21.5638 32.2¢ ;FIQUI&W - [m] X
File Edit View Insert Tools Desktop Window Help
Columns 491 through 500 A S F—1 =
Ocd e | G908 KE
170.0623 198.8776 215.7728 219.7350 210.5269 188.7003 155.5635 113.1(
250 T T T T T T
Columns 501 through 510
-42.9199 -94.0621 -139.5665 -176.7057 -203.2535 -217.6188 -218.9406 -207.1: P
200 b
Columns 511 through 312
-103.7073 -53.4556 150 ]
>> plot (f,P1)
>> harmonicOrder = [1];
100 1
harmonicMagnitude = [220];
.
50 1
thdPercent = ee_calculateThdPercent( harmonicOrder, harmonicMagnitude )
0 . . . . .
0 100 200 300 400 500 600 700

oo

U7 3.22 wihasuaasnantsinaesdynagUaauleduaziulniasidu THD Tu

MATLAB



Jments » MATLAB
Command Window

New to MATLAB? See resources for Getting Started.

Columns 481 through 490

24

- P
® | Workspace ®

31 P I

4 Figure 1 - [} X
File Edit View Insert Tools Desktop Window Help E

-176.2500 -20%.5801 -250.6087 -251.2041 -285.%001 -224.2700 -72.%030 107.
Columns 491 through 500
284.4995 241.7756 202.4774 169.8508 136.4125 102.9259 76.4994 57
Columns 501 through 510
-24.8252 -49.3511 -68.3097 -91.2350 -122.6190 -156.8041 -189.0801 -224.
Columns 511 through 512

-277.8283 -171.5455
>> harmonicOrder = [1;2;3;4:5];

harmenicMagnitude [220;110755;22.5;11.25];
thdPercent = ee_calculateThdPercent ( harmonicOrder, harmonicMagnitude )
thdPercent =

57.0591

>> plot(f,P1)
Jx >>
<

(31137

v

JUT 3.23 m199uaAINANI5INaR Y

Ddde (@ 0E8E|RE

250 .
X 50
200r Y 220 7
]
150 - g
X100
Y 110
.
100 1 ]
X 150
Y 55
50+ X 2 g
Y 24 X 250
| rorns
I T . . .
0 100 200 300 400 500 600

sUARuauRsILATAI I UBSITY

MATLAB

New to MATLAB? See resources for Getting Started.
185.2235 182.2868 145.3974

63.3513 -42.8326 -132.4191 -1785.3634 -186.

Columns 481 through 4390

-176.2500 -176.4446 -179.9354 -186.1233 -178.3634 -132.4191 -42.8326 63
Columns 491 through 500
185.2235 178.8121 176.2821 176.2431 176.7379 181.2291 1B6.4994 172.

Columns 501 through 510

-82.8303 -156.4499 -184.8065 -183.9981 -177.9007 -176.2351 -176.2305 -177.

Columns 511 through 512

-165.5794 -100.9838

>> plot (£, P1)

>> harmonicOrder = [1;3:5];
harmonicMagnitude [220;55;711.25]1;
thdPercent = ee_calculateThdPercent ( harmonicOrder, harmonicMagnitude )
thdPercent =
25.5176
S >>

sUf 3

v

THD Tu

. *' | Name Value
1233 -179.9354 ~176.4496 . [, —
o Fs 1280

1) harmonicMag.. [220;55;11.2500]
U harmanicOrdar 11251

.3t [4 Figure 1 — ]
File Edit View Insert Tools Deskiop Window Help
Dpde 808k E ¥
Be
250
2 | x50
200 Y220
150
100
X150
|'Y 55
50 i
X 250
Y1125
.
0 | I R S . . .
0 100 200 300 400 500 600 700

THD Tu MATLAB

24 wiivauanwan1sIaesdyyIusUaiuivisunazaulaasidy
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MnguBusulasieumesisunmihnulaeiifulssesuAansueesddaliiag
wanraly Serial monitor 11 Arduino Mega 2560 azasAnlufi NodeMCU(ESP8266) Tngrinu
serial Tugauilisudunsvihaulngls ESP8266 ausafu Wifi host uasMQTT server 71151
Ieimualy el eusoldudaazyiinis publish A7 ld$Uan Arduino Mega 2560 LU
Node-RED 11 o4 95 alUe’s Database(InfluxDB) waza1u15au e 1819 9 lUkanauy

Dashboard(Grafana) wagiin1suaAaunauin
3.8 n1saanslusunsulu Raspberry Pl 3 B+

ludruvesqunsal Raspberry Pl 3 B+ fildluszuy loT famudnfufiazsosinis
Tusunsy el
3.8.1 MshnntsruuUfianislu Raspberry PI 3 B+
seUUU AN Raspbian UL Raspberry Pi 4 9 ordusguuujudnng
w3151 lunsaseiilarli3snisuuu NOOBS v3en1a1lvian Image File Wuu NOOBS 34
Huisnauudlmiuasiedign Tnefiduneusd

w3 (Micro SD Card 16GB Class 10 + RaspberryPi 2/3)

aallan NOOBS .Zip File 7 https.//www.raspberrypi.org/downloads/
Format SD Card wazkanbig NOOBS asly SD Card

14 SD Card lu Raspberry nntudnaies wwuntaeinng Raspbian OS

SORAFWASY TtIaTUTENI 20-30 1T NNTUNA Restart

S o A

laSansAne

Feluszuuufuanisestuguageazil Node-RED finadliliseusosnaids
anusaldanulgiuiindannfnnessuuujuinisasa

3.8.2 N13AAAY Mosquitto MQTT Broker Tu Raspberry Pl 3 B+
\Un Command Tu Raspberry Pi waaldardssaludl

sudo apt install mosquitto mosquitto-

TUsunsuagantlvaniasfnfosdnludRawasalu Raspberry Pi #sldiian
TauusaziiiaasamnuUasnnslinussuy AI5a519 User wag Password Tual Taeldenda
saluil

echo "mqtt_username:mqtt_password" > pwfile


https://www.raspberrypi.org/downloads/
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v
°o v A

2 $ A o
ANFIUATLUUNTTANY User : mqatt_username Wagsasnaiu Password :
maqtt_password #a391ntulAEN1sieuves MQTT Tu Tagldmds

sudo /etc/init.d/mosquitto restart

TUsunsu Mosquitto azisun1syiulntuazmniinisideussiu MQTT
Broker Lsnladnnsilazadns User Tuslazdeadrswaimsnlamuunliiviniu

3.8.3 N13AARe InfluxDB lu Raspberry Pl 3 B+
SulaenisldmdunSeuiiofadeyaann Official InfluxDB

weet -qO- https://repos.influxdata.com/influxdb.key | sudo apt-key add -

nuunTIvdeUliwidnil Codename vasssuUUiURNTS Raspbian 716
Anas Tdodnesls

Isb release -a

93LiuT7 Codename w0353 UUURUANSTO buster 91ndulwldmds

echo "deb https://repos.influxdata.com/debian buster stable" | sudo tee
/etc/apt/sources.list.d/influxdb.list

dlafl Installer w¥andmsunisanasads Irsunsenanaefds
sudo apt update
¥nsAnRalUsUATY INFlUXDB Faefnds
sudo apt install influxdb
Faprszuudanis el InfluxDs L?yéfumaﬁwmlwainm%wé’wwﬂL?Jm

A3 Raspberry Pl

sudo systemctl unmask influxdb
sudo systemctl enable influxdb

sudo systemctl start influxdb
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3.8.4 TURBUNITES19 Database Ty InfluxDB
BSUAUNT I TIIUIRENNS LEANEa

influx

Mnifuade User Tngldde admin wazld password : adminpassword lag
THAnds
CREATE USER admin WITH PASSWORD 'adminpassword' WITH ALL PRIVILEGES
99n91NNT1TIU

exit

Tunrsaari oliinassusasnausd 1 l99uU InfluxDB A3 1 buwA LTy
Configuration laglamas

sudo nano /etc/influxdb/influxdb.conf

NUUILLN I UNRUIF 9T

[meta]

[ Read 592 lines ]
¢ Get Help ¥ Write Out Where Is Cut Text @ Justify @ Cur Pos J Mark Text
& Exit N Read File Replace Uncut Text @ To Spell 8 Go To Line s Copy Text

g‘dﬁ 3.26 WtinA9RaA" InfluxDB
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A CTRL + W fievn@nin HTTP uavuilomuil

auth-enabled = true
pprof-enabled = true
pprof-auth-enabled = true

ping-auth-enabled = true

NTUNA CTRL + X haznm Y 97014 W ENTER wazlda1d 15 un15vin91u
InfluxDB Tvasitialinsaeanluaivinau

sudo systemctl restart influxdb

(%
[

BUNSEEU InfluxDB Tneasal

o o

WHudasld Username wag Password e
influx -username admin -password adminpassword
niuaSTs Database Tiidain Sensors Ingldrds
CREATE DATABASE Sensors
nntldmduitenanannisldiu
exit

3.8.5 N13AAAY Grafana 11 Raspberry Pi 3 B+
WULAAUAUNTAARY InfluxDB InesuainnisidAdaunieuiiiafstayadnn
Official Grafana

weget -q -O - https://packages.grafana.com/gpg.key | sudo apt-key add -
ntdlldg

echo "deb https://packages.grafana.com/oss/deb stable main" | sudo tee -a

/etc/apt/sources.list.d/grafana.list

aNAe Installer kazyinN15AAGY Grafana ABAIAS

sudo apt update

sudo apt install grafana

wWolw Grafana 3udun1svinaulninnasng1a1nUna3eq Raspberry Pl
[GEIRTRES
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sudo systemctl enable grafana-server

sudo systemctl start grafana-server

3.9 n15 Publish/Subscribe LLaz%gumauﬂ'\ﬂ%'mu Node-RED

Tnen sl Node-RED LUl Web Browser udald IP Address 284 Raspberry
PI 3+ Aigaiu Wifi innuual Iagldweasn 1880 Ly http://192.168.1.112:1880

nnnnnnnn

llllllll

aaaaa

sUTl 3.27 wiwinandnvaslsinsa Node-RED

n13 Publish/Subscribe 1dunisaadoyasening Topic Faufeaiu waziausoniu
MQTT Server {ignfiu §9d7un1T Subscribe 3gl4 node : mqtt in Lie subscribe topic #gn
publish 114 ¢ludIuvean15 Publish Wuazey lun1slusunsun13vinauves NodeMCU

(ESP8266) N1ANUIN 2

¥ NEBIWOrK

mqtt in
: Connecis toa MQTT broker and subscribes to
mqit in messages from the specified topic.
matt out S 8

g‘dﬁ 3.28 Node mqtt in
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. Edit mqtt in node > Edit mgtt-broker node
Edit mqtt in node ' .
Delete Cancel
Delete Cance m
4+ Properties o
1+ Properties & 3= I
¥ Name MQTT Broker
@ Server MQTT Broker v | &
Connection Security Messages
= Topic test/Voltage
P N | @ Server 192.168.1.112 Port 1883
@ QoS 2 v [J Enable secure (SSL/TLS) connection
- % Client ID
& Output auto-detect (string or buffer) v
@ Keep alive time (s) | 60 Use clean session
¥ Name Voltage-p1

[ Use legacy MQTT 3.1 support

n) )
SUT 3.29 n13aAINTg Publish/Subscribe

\dle n) n3esAnde Topic Tu Node matt in @) N15619 1P Address Tinssifu MQTT Server

. codrmea[§
A
P O . )
" . X |
\ /
byt < r. Gt
.
|
it ous Fow < ix-Pofer)
L \ I
i £ :
. b b
il roapons \ {
\ ]
" 7 ! Pk
- \ f
THO e o
e - )
- \
Fregu < ror e
g A i\
\&)
p ot W
\
%
cpracilhg
L ™ S
o

sU 3.30 unuifanslvavesdioya 90 matt TUEs InfluxDB

3.10 n131991u Grafana wagn13Asdayaann Database (InfluxDB)

Iumﬁ\‘i%aﬂamﬂ fufieuavmnuaziieniiesain Grafana uaw Database InfluxDB
¢Rndalilugunsaiienitu TaediBneded
1. nsdnldau Grafana UfoRwAsatun1sidildem Node-ReD Taglufl wWeb
Browser wagld IP Address 204 Raspberry Pl 3+ fisafiu Wifi ifuualy Tagld
Wa¥A 3000 LU http://192.168.1.112:3000 %%wﬁwdwé’agﬂ 3.31
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Welcome to Grafana

5UN 3.31 wifsinadnldeau Grafana

e Log in A8 Username uag Password Alanlinoufnmalusunsdud astdn
wlumisamanuazadnlu?l Add your first data source fe3U#l 3.32 Liverimiun
Wad Database #1f@4n1T

Welcome to Grafana

Create your first dashboard

oo
it ]

3UM 3.32 nsfivuauvas Database
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@ Add data source

sU7 3.33 1enumas Database Wy InfluxDB

3. 79A1 Data source lngnsen HTTP Url, Database, User, Wag Password 693U 3.34
INTUUNA Save & Test

I} Settings
Name InfluxDB-1 Default

Query Language

InfluxQL

URL | http#/localhost:8086
Access Server (default)

Whitelisted Cookies

Auth

Basic auth With Credentials
TLS Client Auth With CA Cert
Skip TLS Verify

Forward OAuth |dentity

Custom HTTP Headers

+ Add header

InfluxDB Details
Database Sensors
User admin

Password configured

3‘1117; 3.34 N15M4A1 Data Source
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4. 1911U% Dashboard Aunugiauwdina New Dashboard 190 Add new panel Li®
#3719 panel ifaINshanITaYALAaY AN

UM 3.35 11913991 Panel

5. ludaushuaisesgy 3.35 aziiu1in select measurement Widondsaeifliiden
nudeitlanslilunsozen figuil 3.30 LasUAsuain default fu fieldvalue) By
autogen NV field Sensors A1NEIRY MnTuaIsaUsULRInsudnravesanly
panel lamuazman

€ Test/Edit Panel

y .'? _ Lﬁ?

|
L = iol'L]‘\{

JUN 3.36 NM3UTULAY panel waldlunsuansfussauninla



UNN 4
NANISNAADI

4.1 HANINAFUNTTINVBITULYDS PZEMO04t Tu Serial monitor

HAINNITNAGDIAAINITILADTAN 9 IINATIUN 3.2 L1iNBRTINHOUNTINNUTDS
wuweslagldlvandunasaldvuin 50 W Tunsin

© com3 = O X

Send

£1=50.097846Hz 237.2044
£2=100.195693Hz 0.0011
|£3=150.293548Hz 59.3013
"|£4=200.391387Hz 0.0004
£5=250.489227Hz 14.8253

%THD = 25.77 %
Phasel

Voltagel: 222.00V
Currentl: 0.22A
Powerl: 48.80W
Energyl: 0.130kWh
Frequencyl: 50.0Hz
PFl: 0.99

v

B s 123 ava e —
[ Autoseroll [] Show timestamp No line ending | |115200 baud | | Clear output

sUf 4.1 nasuananaly Serial Monitor

MnURiuliTEnnsuaneAvesmivesang g nwugeslaaldalnadld 1 v,
o 1 a4 A o = =
wazihdsdeeilUiUSyuigy

] v ¢ = ' a S 1 av v o Yy ¢ o
A15719 4.1 NaANWSLUTIULNYUATNITINLADINIY 9 Vllﬂﬂqﬂﬂ'ﬁ?ﬂﬂ'lﬂlsﬁulﬁlﬁ]?ﬂ‘u

dandines
Parameters\Measurements PZEMO04t SD 9205A

Voltage (V) 218.10 216
Current (A) 0.22 0.23

Power (W) 47.90 -

Energy (kwh) 0.130 -

Power Factor 0.99 -
Frequency (Hz) 49.9 50

9109157991 4.1 azdiamsiimasusesulnia(y) nszualuda(a) maslasaw)
WF Ul (kWh) Ardauseneuids Aud (Hz) Tnel3sudiauaiiildainnisindae
s PZEMO04t U saiined SD-9205A Tnedadiinesililediduauiaioures
usadulatit +1.29% nszudlnliin £2% Aud +1.5% 910 Datasheet Fsagluraaivousuld
dlewseufisuaile Saannsuwesiuianiinesasiainnuiai suvesussiulni
+0.9722% nszuabiiin £4.3478% pud +0.200 FLAIRY



5UN 4.1.2 fMegramsianseuamedanilned SD 9205A
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4.2 uarJSeuisusening PZEMO004t nU SD 9205A Iauasnld 50 W

37

AM579% 4.2 man1smnaasn1siannsdmadlaedalnld1249lus Wsusenine PZEM004t
Aiu SD 9205A

Devices PZEMO04t METER
Times(hr) | V(v) | | P | pf. f E V) | | P |pf| f E
A | (W) (Hz) | (kwh) (A | (W) (Hz) | (kwh)
1 2192 102314941098 | 50 |0.135]2193|0.23| - - 1499 -
2 21831022 (4751099 | 49.9 | 0.266 | 218.2 | 0.22 | - - 1499 -
3 21841 0.21 | 46.4 | 0.97 | 49.7 | 0.381 | 2183 | 0.22 | - - 50 -
a4 219.1 102314931098 | 49.9 | 0.532 | 2193 | 0.22 | - - 1498 -
5 21821022 (4761099 | 50 |0.645|2185|0.23| - - 1499 -
6 21981023 148.1 1099 | 49.9 | 0.786 | 220.1 | 0.22 | - - 1499 -
7 220.1 1 0.23 | 49 ]0.99|49.99 | 0.924 | 2195 | 0.22 | - - 1499 -
8 2184|1022 (4721098 | 499 | 1.024 | 219 [0.21| - - 50 -
9 2188 | 022 [ 47.110.98 | 49.9 | 1.152 | 2185 | 0.21 | - - 50 -
10 21951023 | 49 1099 | 50 1.310 | 219.3 | 0.22 | - - |1 501 -
11 2189 | 0.22 | 48 1099 | 49.9 | 1.430 | 218.7 | 0.22 | - - 1499 -
12 2192 1023 (4841 0.99 | 49.9 | 1.584 | 2204 | 0.21 | - - 50 -

AINAITNT 4.2 NUTINFINLAUAINITILN0S wssaululla (V) nszualudla(a)

F&slnda(w) wEsauliiakwh) Ardausenaumds wazaud(Hz) Wunan 12 4alus aan
ues PZEM004t U sfaffiies SD-9205A aznsruindmsfitaesenaadi PZEM004t
¢ fereglutasefiduaruiindioues Sanfines SD-9205A Fansnmeddavléldiduen
#1989 Teanunsooonsuld lagAnlediduaruiinfouvesiaffines SD-9205A Tégnnanldy
W& Tins197l 4.1 §98198937n Datasheet vasifaRfiaes SD-9205A finauwin A
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4.4 NANTIT1ADILATAIUIUNIAT Total Harmonic Distortion Tu Arduino

m‘mﬁ 4.3 NAN1SATUIA %THD Tu Arduino uaz MATLAB

sUdeya %THD(Arduino) %THD(MATLAB)

Sine wave 0 0.0000
Triangle wave 57.62 57.0591
Square wave 25.77 255176

1A% 4.3 1 Wun1siSeuiisuan%THDA NS InlUArduinowas MATLABIAg Ry
wiudludygragy Sine dAwidudygiugUaiumasudainnuiaiey £0.9830%
Tyaauguawneudiaiauiiaiiieny £0.9891%

4.4 HANIINAFOUNITUEAINAYDIAINISIANDIAY 9 UU Dashboard muteuluiinglld

NSNAFDUNISHAMKATDIAMISITmasAuEaulunaeld Fauseznauluane

4.4.1 MsnaaeuluaIunITUAAINANIALA

221.60v 0.230a

0.050w 019w NO data

* e 0
2

UM 4.2 NAYDIATNISITLADSNINUA

4.4.2 msneaeunsasudves Threshold

1‘um§§1’7ﬁ Threshold ﬁy'ufwﬁgﬂu panel fiwansrn Total Harmonic Distortion
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Abstract

This research presents the analysis of harmonic
in the power system by using 8 bits microcontroller.
Currently there are millions of Electrical devices
available and connected in the power system. These
electrical devices are a source of harmonic. The
harmonic causes a lot of issues in the Electrical Power
System. Many countries have defined the standard

harmonic in the Electrical Power System. This drives

the necessity of the harmonic analysis. The difficulty
and complexity of harmonic measurement and analysis
drive the cost of this measuring equipment imported
from overseas. This research presents the Harmonic
Measuring equipment that uses 8 bits microcontroller.
This microcontroler is widely used, cost effective and
well developed to be able to handle the complexity
calculation like Harmonic Analysis. The testing of this
measuring equipment is performed by comparing the
reading from the equipments made from this research
project against the yokogawa wtl10 that is the
Harmonic Measuring equipment commercially
available in the market that has been imported from
overseas. The result shows satisfactory result with
maximum 4.35% different between 2 equipments being
tested.
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Principle to determine harmonics standard in power system
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ABSTRACT
Harmonics standard in power system of each country is different. This research presents the
method and principle to determine harmonics standard in power system. It is found that it depends
on the structure of system, voltage level and nonlinear load which is harmonic source. After
calculation and comparison with the standard of each country, the results are appropriate and
acceptable.
Key Word: Harmonic, Harmonics standard, Structure of power system, Voltage level.
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On the Definition of Total Harmonic Distortion
and Its Effect on Measurement Interpretation

Doron Shmiloviez

Abstraci—The existence of two different defimitisns for tstal har-
mamnic distortbon jone in comparisen io the Tendamenial and omse
Im comparkson to the signal’s rest mean square) might couse ank-
hgpuity and nusinterpretstien of measured data. The difference
hetween thise definitions ks stressed out im this kebtee It & sugs
gesied that tetal harmoesde distertion meassrements in the confext
al pawer sysicms shauld always adept the first definitlon and sever
the seennd.

fndex Terms— Harmesnke distertion. nemlisear leed, nonsino-
soldal wavelorms, pewer measurements, power mefers.

L TTRODAUCTHIN

OTAL harmonic disiortion (THD) is an imporiant figure
of merit peed bo quantify the level of harmonics in valiage
or curremt wanveforms. Two different defimitions for THD may
be found in the lMerahere. According to ane definitian, the bar.
momic comtentof a waveform is compared bo s fundamental |17,
[2]. By the second defimtion, the harmanic conlent af 2 wawe-
fiorm s compared to the waveform's rms vabe [3] In order o
distingnixh between the feeo. the former is occasionally denoted
by THIDy- and the: second by THDg;. For instance, current THDs
are defined as
E‘ i1}

11m,.—=@; THIDYy; =
=1 s

where L, are edther the rms values or the amplibsdes of the har-
momics. Al low values of THID, there @2 not much didference
between the two. However, the two definitions may couse ambi-
guity, comfusion, and misinterpretation when measuring wayves
fiorms: of high harmomic conlemt.

The relation and difference between the teo definitions of
THD are stressed in this letter. Usage of THDy rather than
THDg; s advoeaied.

Tl RELATION BETWEEN THD: AxD THDy;

Ayctually there is a consensis 2 io the basic definition of THD
im the context of poeser memsmrements. by which it is defined
with respect to the fundamental [ 1], [2]. [4]

11 seems that the secomd definition THDG: was inherited from
the area of mdio amplifiers. where the THD serves as a measure
of the sysiens linearity and its numerical value i always musch
less than I (it practically mrges from 0.1=0.3% in Hi-Fi sys-
lems up o a few percent in comventional asdio systems). Thus,

Menmcrpl eeceived Aot 4, 2003, revised Devemiber 1], D003, This wisrk
was supporicd in poe by the leacli Minsicy of Mol Infrdrsiure and En-
ergy wmder Ot S50-170. Paper an. PESL-D003- 2000,

The aslher = wilh the Faally of E Tl Aww Uni
SHTE, bl (e-mail: shoelod eap e se 5).

Drigasll Object Identifier DU HFNTFWR D 2004 B30744

3. Tl Aoy

0 8 ) "W 2m =
THD (%)
Fapo 1. Total hermsemie disloetion m percenl of the: sygeb s verns it o

defimsiatn (= peresntge of ik Fendemental) pichk (41

fiar this rampe of THD values, the error cavsed by mixing up the
two defimitions of THD was accepiable. For imstance, if the ac-
twal THD [ THD) i 10%. THDy; will have the valse of 9.95%
{les= than o 0.5% difference). Maoreover, with the older type,
amalog distortion analymers incorporated for amplifier testing, it
s easier to messure THDy:: the nominator in (1) is obtined by
filiering oul the fundamental with a notch filber. and the demom-
inator is simply the signals” rms valee. These two quaniiies ame
relnted by (2] and plotted in Fig. |

2 Mo

o= e

Evidently, at kiigh values of THID, the difference becomes es-

sential. THDy;: cannot excesd 10HF% whereas THDy- may reach

higher values when the spectral energy of the harmonics exceeds

that of the fundamental (mathematically, it may reach infimity i
a waveform comiains no fsndamental ).

(X

L INTERPRETATION AND ADCURACY 1SSUES

High ourrent THDs are quite common in electromic loads [ 5]
16]. For insiance. values of 140=170% are typical for cuments
driwn by peak detectbon rectifiers (Frg. 2). Fig. | shows that
a1 high THIs, large variations in THDy manifest i very littke
variation im THD g, and vice versa, small differences of THDg
are_in fact, large differences in the THD (THDy ) coment. This
can be quaniified by the sensitivity of the THD with respect 1o
variations in THD. defined by

THLY, _ oTHDy THDg
STHD,, = 7Dy (ﬁ ”'
M- @

/1 + THDZ —THD'

{RES-FTTE M & X005 IEEE
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SD 9205A

1. INTRODUCTION

This DT92 Advanced Series Digital Multimeter is a compact precision,
battery operated, LCD display 3-"2or 4- “idigits Digital Instrument..
Superiority:

High accuracy

Large rotational folded LCD display, button release lock

Digital height 25mm

Single 32 position rotary switch for FUNCTION and RANGE

selection, allows fast and convenient operation.

Curvilinear mode soft case.

Colored indication jack with fully protection test Jeads.

Lower overage power Auto-Power Off

Data hold for easy readi

2. GENERAL SPECIFICATION

1) Display: 3-'; digits LCD with a maximum reading of 1999. (Model
DT9203A/DTI204A is 4-% digit maximum reading of 19999.)

2) Measurement rate: updates 2-3/sec.

3)  Overrange indication: "1"figure only in the display

4)  Automatic negative polarity indication,

S) The"&%" s displayed when the battery voltage drops below the
operating voltage.

6)  Fullrange over load protection,

7)  Capacitance measurement Auto-Zeroing.

8)  Auto Power Off. It will be automatically cut off in about 15 minutes after
the power is tumed on. It neede to be tumed off and tumed on again to
continue the power.

9)  Operating temperature; 0°C~40'C, 0~75% R.H.

Storage temperature: -10°C~50'C, 0~75% R H.

10) Power: Single standard 9V battery IEC 6F22,NEDA 1604, JIS 006P.

11) Dimensions: 191L*89W*35Hmm.

12) Weight: approx-310g (including battery)

13) Accessories: lest leads (pair), spare fuse 0.5A piecein case (mode)
DT9201A fuse 2A), K-type thermocouple wire (mode! DT9207A/DTI208A
only), operator's manual.

3. |[ELECTRICAL SPECIFICATIONS

Accuracy is given as + (% of reading + number of least significant digits) for

one year, at 23°C+5'C RH<75%

1) Dcv

SRXNRNEEN S

a9

R Accura
aN9€ |5Ta201AID: DT920; 9204A] DT9205A[DT8206AIDT9207A]DTO2
[ 200mV/ 0.5%%1 0.1%z2 0.5%31
2V
20V _| 0.5%+2 0.1%25 0.5%+2
200V
1000V 08%:2 0.2%425 0.8%:22
Input impedance: 10MQ on all range
2) Acv
Range Accurac ISTo5084]
9¢ |DT0201A[DT9202A]0T920: 204A[DT9205A[DTS: T9207A]DT9208A|
200mV | 1.2%35°] 1.2% = — 112%s5[ — [12%s5
2V N =
20V, 1.0%25
200V 1.0%45
750V 12%
Input impedance: 10MQ Frequency range: 40 ~ 400Hz
3) DCA
Ran: Accurar
98 |GT9201A]DTS202A]DTI203A]D DT9205A]DT6206A) [DT9207A]DT9208A)
| 20uA | 2%15 [ o = S A x5 2%15
|-200UA ) =
2mAT| 1,0%:3 1.0%+3 | 1.0%43
o, 1.0%43 10%23 | 1.0%23 | 1.0%43 |
DmA | 7 oo, 1.5%45 [1.0%46 | 1.0%35 | 1.5%25 | 1.5%25 | 1.5%%£5] 1.5%z5
A 1/5%:5 (LR L 10% 150 | 1.9%s5 | 1.5%15 | 1.5%
10A 2.0%£10
Measuring voltage drop: 200mV
4) ACA
Rangé' Accura
9% |DT9201A| DT9202A|DTO203A] DTE204AIDT9205AIDTEZ 7A]
| 20uA | 3%7 | - o i s s
200uA | 1 8%+3
2mA
[20ma | 12%25 | 12%25 | o oy b | o] 1:2%25 | 1.2%25 | 1.2%25
200mA | 0% 1.0%z5 | 2.0%15 | 2.0%25 | 2.0%%5
%A ¥ > = = = — = — —
10A 2.0%£10

Measuring voltage drop: 200mV
5) - CAPACITANCE

Frequency range: 40 ~ 400Hz

Ran Accurac)
9 [5TO201AI DTS [DT9203A] DT9204A[DT9205A]DT0206A|DTO207A|DTS208A
2nF
20nF
[ 2000F | /— | 4/0%+3 [4.0% 3| 4.0%¢ 3 | 4.0%2 3 | 4.0%2 3| 4.0%¢ 3 | 4.0%2 3
2uF
[200uF 4.0%:£5 [40%25 [ 40%=5| 4.0%=5 | 4.0%=5] 4.0%=5 | 4.0%=
6) OHM

2



Range (575201 5719203 [DT TG207A]D 19208
1.0%=1
20K 1.0%43
2MQ
20M0 10%25
2 — [ 5% ] — = = £
7) TEMPERATURE (DT9207A & DT9208A only)
R Accurac
it [DT9207A] DT9Z082
40°C ~400°C___[0.75%%3
400°'C - 1000C___[1.5%#15

With K-type thermocouple wire
8) FREQUENCY TEST

DT9207A|DT92
1.5%10

R Accurac
ange [5T8201A] DT9202A|DT9203A] DT9204A]DTE205A[DTI2!

Rriz =il -
sokiz] — | T [iswoliswsre] — o [1S%19

Sensitivity: 100mV rms
4. PRECAUTIONS AND PREPARATIONS FOR MEASUREMENT

connected to the battery snap.
2) Don't exceed the input limit shown below:

Function Range Input terminals Maximurn input
DCV 200mV 250VDC
~ ACV 200mV 250VAC
DCV 2~1000V VIOEM SCOM 1000vRC
ACV 2~750V 750VAC
OHM V/IOHM COM
Freq V/OHM/Hz COM
V DC/AC
Logic V/OHM COM 280
Diode V/OHM COM
DCA 200mA
2 ICIA
ACA 200mA T oom OAmARENG
DCA 2A
2A_ DCIAC
ACA 2A
DCA 20A 20A COM 20A  DCIAC

Test lead continuity, Damaged leads should be replaced.
4) Select the proper function and range for your measurement.

measurement ranges.

3

b)  When only the figure "1" is displayed, over range i i
. o ! 9815 bel
ran3dtcated and the function range ‘switch has be setto a highne?-

nge.

¢)  Excessive current will below the fuse that must be

€ i a replaced when
zls?e Igl;usfrom ‘A" terminal. Fuse type is 0.5A (model DT9201A

d) The.20A range is not protected by a fuse, maximum 10A

continuous, maximum 20A measuring time must be less than 15

seconds.
?)3 RESISTANCE MEASUREMENT 5
onnect black test lead to "COM" terminal and
"VIOHM" input terminal, T AN €
g; (S:e:n the function range switch to the OHM range.
nect the test leads across the resistance surement
read the display value. T %
Note:
zg TWh:epdarity of the red test lead is "+",
hen the input s not connected, i.e. at open dircuiit the figure "1*
will be dis_uayed for the over range condition, 3

c) Ifthe resistance value being measured exceeds the maximum
v§lue ofthe range ;elected an over range indication "1'will be
zsplayed and function range switch ‘must be set to a higher

nge.

d) 200MQ range has a 10 digits (1MQ) constant, the figure will
appear in short circuit status it should be subtracted from
me;smement result, for instance: when measuring 100MQ
resistor, figure 101.0 will shown in di and the last 10 digi
should be subtracted. st i

5.4 CAPACITANCE MEASUREMENT
1) Set the function range switch at the "Cx" position. Before connecti

: { ! the
2)<:apcac.c:to:;,Ct m:\ display that could be zeroed automatically slows. 4

nn e test capacitor to the "Cx" input socket (not
g read the display value. b PR o

ote: The tested capacitor should be discharged before the testi

procedure. Never apply voltage to the "Cx" input socket, or serious damag!;
may result.
5.5 FREQUENCY MEASUREMENT
1) Setthe function range swilch at the required "Hz" position.

5

. 0

1) Be sure that battery is correctly placed in the battery case and

3) Inspect the test leads for damaged insulation or exposed metal. Check

5) Check the input terminal position for red test lead depends on

2)

50

6) Either one of the test leads should be taken off from the circuit under
test when changing the test ranges.

7) To avoid electrical shock or damage to the meter; Do not apply more
then 500V between any terminal and earth ground.

8) To avoid electronic shock, use caution when working above 60VDC or
25VAC rms, such voltage pose a shock hazard.

9) When finished the measurement, switch off the power. Be sure to
remove the battery when itis not used for a long time to avoid leakage
problem.

10) Do not tamper with the circuitry to avoid damage.

11) Do not use or store the instrument in a place of direct sunlight, high
temperature and high humidity.

5. METHOD OF MEASUREMENT

5.1 DCV & ACV MASUREMENT

1) Set the Function range switch at the required position.

2) Connect black testlead to "COM" terminal and red testlead to the
"V/OHM" input terminal.

3) Connect test leads to measuring point and read the display value the
polarity of the red lead connection will be indicated at the same time as the
voltage.

Note:

a) |If the voltage to be tested is unknown beforehand, set the
Function range switch to the highest range and work down.

b) When only thefigure "1" is displayed over range is being indicated
and the function range switch has be set to a higher range.

¢) Never try to measure the voltage above 1000V! Although the
indication is possible to show, there is danger of damaging the
internal circuitry.

5.2 DCA & ACA MEASUREMENT

1) Connect the black test lead to the "COM" terminal and the red test lead
to "A" terminal for a maximum of 0.5A (model DTS201A maximum 2A)

2)  Set the function range switch at the required position. -

3) Connect test leads to measuring points and read the display value. The
polarity at the red test lead connection will be indicated at the same time ag
the current.

Note:

a) I the currentrange is unknown beforehand, set the function range
switch to the highest range and work down.

4

Connect test leads to measuring points and read the display value.

Note: Do not apply more than 250V s to the input. Indication is possible

4 ¥ a
valtage higher than 100V rms, but reading maybe out of specification.
5.6 TEMPERATURE MEASUREMENT

1)
2)

3)
4

Set the function range switch at the "TEMP" position.
Be sure the polarity of the thermocouple, put the cold end (free end) of

the thermacouple sensorinto the temperature testing holes.

Thewomingend(teslingend)onorinsidemeobjectbeing tested.
The value of the temperature is shown on the display in degrees

centigrade ('C).
Note:

a) The testing temperature is displayed automatically when the
thennocoupig is putinte the testing holes.

b)  The sumounding temperature is shown when the circuit of the
sensor is cut off.

¢) - The limit temperature measured by the thermocou i

¢ : ple given

together with the instrument is 250°C, 300°C i ithi
o s acceptable within

5.7 DIODE & CONTINUITY TEST

1) Setthe function range switch at the "-p—) ition.

2)' Connleq the black test lead to "COM" t:mp?:ai and red testlead to
’\//OHM' input terminal, (Note: the polarity of the red test lead is "+").

3) This range. with "AUDIBLE CONTINUITY TEST" function. Builtin
buzzer sounds if the resistance between two probes is less than 30+10Q.

ﬁ)om Connectthe test leads across the diode and read the display value.

5.8 TRANSISTOR hFE TEST

1)
2)
3)
4)
N

= Display reading is approx. transistor hFE value.

a) When the input is not connected, i.e. at open circuil """
will be displayed. e

b)  Test condition: Forward DC current approx.1mA. Reversed DC
voltage approx. 2.8V.

¢)  The meter displaye the forward volf drop and displ
1" for overioad when the diode is t?vs:se:iop '

Set the function range switch to the "hFE" position.
Make sure the transistor is "NPN"or "PNP" type.
Transistor comect insert to E.B.C connector.

6



Test condition: Base curent approx. 10uA, Vice approx.2.8V

5.9 LOGIC TEST (DT9208A only)

1) Setthe function range switch at "LOGIC" position.

2) Connect black test lead to "COM"terminal and red test lead to the
"VIOHM/Mz" input teminal,

3)  Check the logic circuit voltage, only 5V logic level circuit can be tested.

4) Connect the black test probe to the logic circuit negative power supply
point. Connect the red test lead probe to the logic circuit test point.

5) Testing Level > 24v, logic high 1 level the figure " A" wil be displayed.
Test level < 0.7V, logic low 0 level the figure " W'will be displayed and
buzzer sounds,

When the testing level is not connected the figure " A" will be displayed.
Note: When the function range switch at "LOGIC" position, the figure "1" is
displayed, without overrange inclusion and descript the intemal circuitry is
connected.

6. LCD DISPLAY PANEL ANGLE SELECTION

LCD display panel is locked in lie down position in normal operating condition

and storage, when the usage needs to change the display panel angle, push

1) Baﬂetyandﬁ:semplaoementshouldonlydoneammelesﬂeadshave
been disconnected and power is off.

2) Loosen screws with suitable screwdriver and remove case bottom,

8) The meteris power by a single 9V battery (IEC 6F22, NEDA 1604, JiS
006P). Snap the battery connector leads to the terminals of a new
and reinsert the battery into the case top. Dress the battery leads so that
they will not be pinched between the case bottom can case top.

4) The meter is protected fast fuse 0,5A250v (mode I DT9201A is
protected fuse 2A/250\ only), dimensions is 4> 5*2 g

5)  Replace the case bottom and reinstall the three serews. Never operate
the meter unless the case bottom is fully closed.

PZEMO04t
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| MODEL: \
i ODT9201A ODT9202A IDT9203A ODT9204A

i ODT9205A ODT9206A [IDT9207A ODT9208A
i [IDT9205A% ODT9208A" ODT9205Mm ODT9208M
i ODT9205L 0ODT9208L ;

Fmane

DIGITAL MULTIMETER

OPERATOR'S
MANUAL

Largc rotational folded LCD display ”j
! =
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PZEM-004T V3.0 User Manual

Uwerview

This document describes the specification of the PZEM-004T AC communication module,
the module 1s 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 (extemnal transformer)
L Function description
L1 Valtage

1.1.1  Measumng range: 30— 260
1.1.2  Resolution: 0.1%
1.1.3  Measurement accuracy: L5%
1.2 Current
1.21- Measuring range: 0 [OAPZEM-00ST-1047 5 0-—100A (PZEM-004T-100A)
1.2.2  Starting measure current: (N0LA (PEEM-(NT-T0AY (L 02XTPZEM-004T-1004 )
1.2.3 - Resolution: 0.001A
1.2.4  Messurement sccuracy: (L3%
L3 Active power
13.1" Measuring range: 0—23kW (FZEM-004T-10A) ; O—=23kW {(PLEM-004T- 1004 )
.32 Siarting measure power: D4W
1.33  Resolution: 0.1W
1.3.4 Display format:
= 1OV, 1t display one decimal, such as: 9999
== 1000W, it display only integer, such as: 1000W

1.3.5 Measurement accuracy: (L5%
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L4 Power factor
.41  Measunng range: 0.00--1.00
1.4.2  Resolution: 0.01
1.4.3 Measurement accuracy: 1%
L3 Frequency
1.5.1 Measuning range: 45Hz—-65Hz
1.5.2  Resolubion: {.1H=z
1.5.3 Measurement accuracy: (L5%
L Active energy
1.6.1 Measuring range: 099949, 99kWh
162  Resolution: 1'Wh
L6.3  Measurement accuracy: (1.5%
LG4 [Dsplay format:
<= 10k Wh. the display unit is Whi TkWh=10000Wh]}, such as: 999%%9Wh
210k Wh, the display unit 1= K'Wh, such as: 9999 99k Wh
6.5  Reset encrgy: use software to reset:

LT Uver power alarm

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

can alarm

1L Communication interface

RS485 mierface.
2 Comsunication protocol
L1 Physical layver protocol
Physical layer use UART to RS485 communication interface
Baud rate ks 600, B data bits, | stop bit, no panty

1.1 Application laver protocol
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The applicanion layer use the Modbus-RTU protocol to communicate. At present, it only
supports function codes swch as (x03 (Read Holding Register), x04 (Read Input Register). 06
(Write Single Register), Ox41 (Calibration), Ox42 {Reset encrgy).cte.

(=41 function code i1s only for intemal use (address can be only 0xFR), used for factory
calibration and retumn to factory maintenance occasions, after the function code to increase 16-bat
password, the defanlt password is 0x3721

The address range of the slave 1s (k01 ~ 0xF7. The address (600 5 used as the broadcast
address, the slave does not need to reply the master. The address 0xF8 15 used as the general
address, this address can be only used in single-slave environment and can be used for calibration

clc.operation.

23 Read the measurement result

The command format of the master reads. the measurement result is{total of & byies):

Slave Address + Oxi4 + Register Address High Byte+ Register Address Low Byte + Mumber
of Registers High Byte + Number of Registers Low Byte + CRC Check High Bytz + CRC Check
Laow Byte.

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

Comrect Reply: Slave Address + (k04 + Number of Bytes + Register 1 Data High Byvte +
Register 1 Data Low Bytz + . + CRC Check High Byte + CRC Check Low Byte

Error Reply: Slave address + x84 + Abnormal code + CRC check high byte + CRC check
how byt

Abnormal code analyzed as following (the same below)

& (xiM legal function
& {2 1llegal address
&  (x03,Tllegal data
& Ix04 Slave error

The register of the measurement resulis 15 arranged as the following table

Repister

o 1 - 1
N\ Description Eesolution
00000 Vol tage value 1LSE correspond to 0. IV
00001 Current value low 16 bits | ILSBE  correspond  to

00002 Current value high 16 bits | 0. 001A
0x0003 Power value low 16 bits
0x0004 Power value high 16 bits

1L5B correspond to 0. 1W

0x0005 Energy value low 16 bits

IL5E © spond 1Wh
00006 Energy wvalue high 16 bits Farrespond 1o
00007 Frequency value 1LEE correspond to O, 1Hz
0x0008 Power factor value 1LSE correspond to 0,01

0xFFFF 15 alarm.
0x000015 not. alarm

0x0009 Alarm status
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For example, the master sends the following command (CRC check code is replaced by
(xHH and OxLL, the same belbow)

01+ Ox4 + O = Ox00 + (0 + O0A + (cHH = (L

Indicates that the master needs to read 10 registers with slave address (i1 and the start
address of the register is (0000

The correct reply from the slave is as following:

001 + Ox4 + Ox14 + Q08 + 098 + (03 + OxER-HDx) + (a0 +Hlx0E + OxSE-+ OxD0 +
00k + O(M) + DM + 00+ (ee00 + Ox01 + OxF4 + Ox00 + Oéed + Ox) + (00 + (eHH + (xLL

The above data shows

Voltage is Ox(E98, converted to decimal i1s 2200, display 2200V

Current is Qa0 EE, converted to decimal is 1000, display 1.0004

Power 15 Ox(0D00EYS, converted to decimal is 2200, display 220.0W

Encrgy is OetMOM0000, converted to-decimal is @, display 0Wh

Frequency is OxD1F4, convertod to decimal 15 500, display 50.0Hz

Power factor 15 Oxi864, converted to decimal is 104, dasplay 100

Algrm status s 0x0000, indicates that the current power 18 bower than the alarm power
threshold

24 Read and modify the slave parameters

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

The register is armanged as the following table

Registe

;fﬂ:; :: Description Resolution

0x0004 Power alarm threshold 1IL5E correspond to IW
0x0002 Meodbus-RTU address The range is Ox0001-0x0D0FT

The command format of the master to read the slave parameters and read the measurement
result=s are same{descrybed in details in Section 2.3), only need to change the function code from
(e o O 3.

The command format of the master to- modify the slave parameters is {total of 8 bytes):

Slave Address + Ox(f + Register Address High Byte + Register Address Low Byte + Register
Value High Byte + Register Value Low Byte + CRC Check High Byte + CRC Check Low Byte:

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

Cormrect Response: Slave Address + Oxl6 + Mumber of Bytes + Register Address Low Byte +
Register Value High Byte = Register Value Low Byte + CRC Check High Byte + CRC Check Low

Byte.

Error Reply: Slave address + (x#6 + Abnommal code + CRC check high byte + CRC check
lowe byt
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For example, the master sets the slave's power alarm threshold:
(0] + Oxis + OxiM) = Oeell] = OeeDE + OxFC = O HH + OxLL

Indicates that the master needs 1o set the (x(001 register (power alarm threshold) wo Ox0SFC
(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

(el ] + Ok + Oil) + Oee02 + (oo + Ox(5 + 0xHH + OxLL

Indicates that the master needs to set the Ox(002 register { Modbus-RETU address) to Ox0003

Set up correctly, the slave return o the data which is sent from the master.
15 Reset energy

The ¢ommand format of the master to reset the slave's energy is (total 4 bytes):
Slave address = (42 + CRC chieck high byvte + CRC cheek low byte.
Correct reply: slave address +0x42 + CRC check high byte = CRC check low byte.
Error Reply: Slave address + 0nC2 +Abnommal code + CRC check high byte + CRC check
low byt
26 Calibration
The command format of the master to calibrate the slave is (total 6 bytes):
(FS + ] + 0x37 + 0x21 + CRC check high byte + CRC check low byte.
Comrect replyt 0xFE + Ox41 + 0x37 + 0x21 + CRC check high byte + CRC check low byie.
Error Reply: 0nF# + 1 + Abnommal code + CRC check high byte + CRC check low byte.

It should be noted that the calibraton 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.,

17 CRC check

CRC check use 16bits format, occupy two bytes, the generator polynomial is X16 + X135 =
X2 +1, the polynomial value used for calculation is OeAO01.

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

3 Punctional block diagram
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Picture 3.2 PZEM-0047-1004A Functional block diagram

4 Viring disgram

|9? d PZEM-004T-10A wiring diagram
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T T TTL to USB cable
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1: 0~10A

Picturc 4.1 PZEM-004T-10A wiring diagram
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Picture 4.2 PZEM-004T-100A wiring diagram

6 Other instructions

5.1The TTLanterface of this module is @ passive mterface. it requires extemnal 5V power supply. w

hich means, when communicating, all four ports must b¢ conaccted (SVLRX, TX, GND). otherwis

¢ It canpet communicate
6.2 Working temperature

200C~+607C,
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NodeMCU (ESP8266)

NodeMCU V3 For Fast loT Application
Development

Authors: Ali Al Dahowd and Mohamed Fezarn
Facultuy of IT, Al-Zaytoonsh University Amman

nunn.':nrr:n

fritzing

The best way to develop quickly an loT application with less Integrated
circuits to add is to choose this circuit *NodeMCLU". Today_ we will give a
detailed Introduction on NodeMCLU V3. it iz an open-source firmware and
development kit that plays a vital role in designing a proper loT product using a
few script lines.

The module is mainly based on ESP&2E6 that is a low-cost Wi-Fi microchip
incorporating - both - a full TCPAP stack and microcontroller capability. It is
introduced by manufaciurer Espressif Systems. The ESP8266 ModeMeu is a
complex davica, which combinas some features of the ordinary Arduing board with the
possibility of connecting 1o the intermet.

Arduino Modules and Microcontrollers have always been a great choice to
incorporate automation into the relevant project. But these modules come with
a little drawback as they don't feature a built-in WiFi capability, subsequently. we
need to add external WiFi protocol into these devices to make them compatible
with the internet channel.

This is the famous NodeMCU which is based on ESPB266 WIiF| SoC. This I# version 3
and it i= based on ESP-12E [An ESPA266 based WiFi module). NodeMCU is also an
open-source firrmwvare and development kit that helps you to prototype your 10T
product within a few LUA script lines, and of course you can always program it with
Arduina IDE.

In this article, We will try present useful details related to this WiFi Development
Kit, itz main features, pinout and everything we need to know about this module
and the application domain.
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Introduction NodeMCU V3

NodeMCU V3 is an open-source firmware and development kit that plays a vital
role in designing an loT product using a few script lines.

Multiple GPIO pins on the board allow us to connect the board with other
peripherals and are capable of generating PWM, 12C, SPI. and UART senal
communications.

« The interface of the module is mainly divided into two parts including both
Firmware and Hardwsare where former runs on the ESPE266 Wi-Fi SoC and

later is based on the ESP-12 module.

The firmware is based on Lua - A scripting language that is easy to learn, giving
a simple programming environment layered with a fast scripting language that
connects you with a well-known developer community.

Thizblue indicator wil
blink ance when

ralease BTSin step 2,

Step 1: Hold
“dowwn this
‘Flash’ buttan.

Step 2! Press
grice and
release this
button

Step’3: Release * Flash® bution, Now
the baard is in “bootload’ mode.

And open source firmware gives you the flexibility to edit, modify and rebuilt
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the existing module and keep changing the entire interface until you succeed
in optimizing the module as per your requirements.

= USB to UART converter is added on the module that helps in converting USB
data to UART data which mainly understands the language of serial

communication.

Instead of the regular USB port, MicroUSB port is included in the module that
connects it with the computer for dual purposes: programming and powering up
the board.

= The board incorporates status LED that blinks and turns off immediately,
giving you the current status of the module if it is running propery when

connected with the computer.

The ability of module to establish a flawless WiFi connection between two
channels makes it an ideal choice for incorporating it with other embedded
devices like Raspbemy Pi.

NodeMCU V3 Pinout

NodeMCU V3 comes with a number of GPIO Pins. Following figure shows the
Pinout of the board.
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There is a candid difference between Vin and VU where former is the
regulated voltage that may stand somewhere between 7 to 12 V while later is
the power voltage for USB that must be kept around 5 V.

Features

. Open-source

Arduino-like hardware

Status LED

MicroUSB port

Reset/Flash buttons
Interactive and Programmable
Low cost

ESP8266 with inbuilt wifi

USB to UART converter

10. GPIO pins
11. Arduino-like hardware 10
12. Advanced API for hardware 10, which can dramatically reduce the redundant

work for configuring and manipulating hardware.

13. Code like arduino, but interactively in Lua script.
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14. Nodejs style network API

15. Event-driven API for network applicaitons, which faciliates developers writing
code running on a 5Smm*5mm sized MCU in Nodejs style.

16. Greatly speed up your I0T application developing process.

17. Lowest cost WI-F|

18. Less than $2 WI-FI MCU ESP8266 integrated and esay to prototyping

development Kit.
18. We provide the best platform for |OT application development at the lowest cost.

As mentioned above, a cable supporting micro USB port is used to connect the
board. As you connect the board with a computer, LED will flash. You may need
some drivers to be installed on your computer if it fails to detect the NodeMCU
board. You can download the driver from this page.

Note: We use Arduino IDE software for programming this module. It is important
to note that the pin configuration appearing on the board is differ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>