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ESP32

4_t chipID;
32 t can_id;

setup() {

chipID = ESP.getEfuseMac();
Serial.print(“chip 1D: ");
Serial.println(chipID, HEX);

f (chipID == @xFAD1B21AD6B8
can id = @x500;
¢ chipID == Ox1CB2F8BDIE7C
can_id = 0x600;

lse if (chipID == OXCOEA9BIEFOCS
can id = ox7e0;

send else if (chipID == @x48BDF1BD9E7C
can_id = 0x800;
, NMC-CAN ID Yot

Receive
Charger

can_id = 0x000;

JUN 3.6 M3Tuskazas CAN ID seninandadiuntaes NMC uagdy3aniu CANopen
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gunsalneluvese

uaN9INNIIAMLA CAN ID uda vesadeansaagy 3.7 Segnosnuuuli
a3 MUAA IS TR LTIR ULALNTELATELUALABT Y DIff Switch 4 9ldndnnis
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layer
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M5197 3.3 N5ideuse DIff Switch fu GPIO vad ESP32

Diff Switch 41 GPIO ?1n ESP32
S1 - Voltage GPIO25
S2 - Voltage GPIO26
S3 - Voltage GPIO27
S4 - Ampere GPIO14
S5 - Ampere GPIO12
S6 - Ampere GPIO13

AYVRINAMUARIMNYIVBS Diff Switch WA F¥UULVIINITE AN UL
a03nvoduAay GPIO wazinAluwn3nlmdgnszuiunisuseananaiiowlanduaszdiu
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aelu ESP32 s a4 sddu memepy) dmsudnaandoyanila
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Paglviannsodsrnnimesvesnunneildegrsgnienield Communication layer v
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N3UR 3.10 azuiuldindusaviinini fudeya CANopen W1uluga
TJA1051 Aeuthieyaiing ESP32 iileUszinana CAN Identifier wagdayausafiu-nszuayos
wusae’ Inedeyadananazgnlddmivszylusindnisvisouazdaraluds Supervisory
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TLUUNTI

aeluszuuiudaya CANopen a1uddsilimusli ESP32 nsavasuteya
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gnihluTeuiiuiugudeyalusiidnisysaveswunnesusazseuy aeitlanaalily
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MnlAndsdu ESP32 anelugunsaszsinisnsiaaoy CAN message 73y
91nLA38Y18 CAN Bus WU twai receive() naus1uA1 CAN Identifier wazn31980U
YUAY8Y Payload WU Data length code 10 Payload fauin 8 Tudmufidmun syuvas
Iilendu memcpy() dmsunendayausaiulaznsziaoanain Payload ¥as CAN message
reuthdoyalulddmiussylusindnsmsauasiomuaniugveauummned uonaini nely
Execution layer ¥9455UU 9838 CAN ID filssuainuumiaes degalddmiuid onloslud
s3UUAIUAN Relay RSA85 W11 Modbus RTU 1l 0100y af1A2 1L/ U Ly892995A2UAL
CC-CV fiapandosiulusindnisviavesnunnesudazszuy dealiszuvanunsaden
Amnsfwosveneiositldesnaiudeimualaglifosendonsdaanguitfe s
wdsnantefinamusoileslumaiauresszuy annuianainannsdonlus
Tdnn3v§9 waziiinmsnindefieves Execution layer dmsunsuszgndldauiusyuy
PFUAAET NMC vianeseiunssiunelussuuieatu

3.4.3 n1sdedaoya MQTT luds Node-RED

Aendsanguisalasudoya CANopen uazUszananadoyavesuunine’
Wa7 SyUUIdItoya CAN ID, Voltage uag Current U8 Node-RED wnuluslnpea MQTT
iieldlunisAnnudeyauvuiivalminazdanis Supervisory control v83szUuE$a Tae
MQTT gridentdauiiiesarnidulusinasanuy Publish/Subscribe fisesiunisdeanseiu
13018 Wi-Fi fluunndoyan uaganzauiusyuy loT Aideansiudsdeyastiselies
A"elé Distributed control architecture

aneluszuugensaasimiiidu MQTT Client dwmsuidousiodu MQTT
Broker W1uULAT8YNY Wi-Fi Aoy publish sﬂjagamﬂﬁz‘uu CANopen Ugs Supervisory layer
yau#l Node-RED gviwitiil Subscribe Foyaan MQTT Broker tilteldlunisuansuadoya
wuuiFealnyl 11ATevianuzYeIsTUY WazAIUAN Execution layer YauA3osunsanuuiind
cc-cv oty laguuanisasnanivael Communication layer Wa e Supervisory layer
annsavhausmiuldesdeiosneldssuudom ety

Tassafrevesszuvdedoya MQTT 91ngdw13alusa Node-RED wanafsgui
3.10 Tng ESP32 aeluguiaasimiihiideudeduieietns Wi-Fi uazairsteyalusuuuy
JSON payload rieudsdayasiiu MQTT Broker 1Ugs Node-RED it eldlunisinmiuaniuz
YBIUUAMDTUAT STV AU UG a ]

MN3UT 3.1 azwiulddnguisavihmeid Publish Yoaainszuu CANopen

U8l MQTT Broker tnuiaSey1e Wi-Fi noudasalusa Node-RED wisldlunisuanuanas
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AanuanIusvatTsuuRuUBalngd lnadayanignasusenaunie CAN ID AWSIAY LAz
ANITLATOILUALADT WAazszUU egndmiulusuuuy JSON payload wielidnesanis

Uszinananielu Supervisory layer

(@) void setup
@)

void loop

MQTT

U7 3.11 m3dstiaya CAN ID, Voltage uaz Current TUga Node-RED sy MQTT

Tusudded Esp32 maiuﬁm%%zv‘fmﬁwﬁLﬁ?famiaﬁu MQTT Broker W1u
Taus13 PubSubClient TnessuuazynIsnsIvaeuanIuy NS Tousefu MQTT Broker 814
foiled mﬂmil,%awiagﬂﬁmm SUVALYINNG reconnect SrlusiRifiesnuausieiies
yesnsAeansteyaszning communication layer waz supervisory layer el MssenuUY
Tudnwazdsnanieifinaiiosnmvssszutdeasuazanlenanisgyvevesteyaszning
NITUIUNITUISA %@yjaﬁgﬂdamu MQTT azegluuiuu JSON payload Feusznaudieen
CAN ID Ausssf uazAINszIavesuUnme’ ag CAN ID azgnldidusiszylusliidnisunsa
yauriveyaussfulaznszuaszgnlidmiuiamuaniuzvosssuuuazUszifiuaussousy o9
nsguunsEsalusEnitanImeaaes el uddeifmueli Node-RED subscribe aya
WU MQTT Topic ﬁgﬂﬁmuml”g’mwﬁﬁ \iali supervisory layer ansanenUszinndeys
wazUsEinanalieggneas

311 JSON payload 9196 aziiuladndaya CAN ID, Voltage waz Current
gndaAvluguuuy key-value structure @3499819% Node-RED a1snsasutoyauazuen

WITMNBIAN ¢ 801910 payload tAee19dIenI uenaind n1sly JSON dedaeliszuu

aunsavenelassaiadeyaiiuislusuianlalaglinsenusie communication layer 1Ay
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Aelu Node-RED 52Uu98¥I1N15 subscribe Uaa31n MQTT Broker W11 topic fitvualy
a2 neuthdeyaidng dashboard visualization wazszuugiuteyadnsudmnudeya
wuuisealnl Tnedoyaussiunaznszuaiilaiuain MQTT azgalddmsuiamuaniuzves
Luame3 Uspiflungfnssuvednszuiuniswsa wagldlunsimsgindanuvesszuuly
Funsudaluvesnuide

nlARY1RY ESP32 Aneludv$a3eyiinisasne JSON payload 3ndaya
CAN ID Aus98U wazAInsuLadilisuaInsyuu CANopen fiaw publish ToyaKIU MQTT
Broker lUg4 Node-RED H1uiA38Y18 Wi-Fi Ineniglu supervisory layer Yoyanind1iazgn

UllddmsuAnmiuaniusveuunnes waninadoyawuuiioalvyl wasidaulowdnd

execution layer a353UUTINg CC-CV LivaldlunsmuAunIsuIuNITYITIVBILUAMDTUAAE

szuvagraLodaziduaniviu

35 lassadunisuaniasudeyadmiuidenlusindnisuisa
mAdeilldvonuuulassaiunisuanivdeudoyassuinsndesuunneduasdusa
dielddmiuszylusindnsvisanazdedeyaiingssuumunuuuuiing CC-Cv Tngszuugn
panuuun8liuuIAnves Distributed communication architecture & $uy an15%197u
pantJu Communication layer, Supervisory layer e Execution layer ol nnssuds
foyauaznismuausruvamnsarvhauuiuldeswioideuasdubatmun il ndeq
wuRmeIIzviiidedeya CANopen sula3etne CAN Bus lugsgunsa vnsiidunsaazsi
wihiisudeya CAN ID uazdeyausafiu-nszua Aoudstoyaiing Node-RED sinu MQTT ilo
THlunmsinauteyanuuizoalmivazdonledlusszuuamuaumsnia
aelulassaiisdang1n CANopen gnlddmsunissudsdoyassninsnasauunine’
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Foyanasumuluszuumdsluin vued MOTT gnltiduldslnreadmivdstoyaiting
Supervisory layer HuLA3 8918 Wi-Fi i ol Node-RED A1U1IARAAUTRLAVRITEUULAY
Ian1s¥eyaniglu Execution layer l¢ognasioiiios el Uoya CAN ID AlFuanuunmeIaz
grlddmivszylusindnsvifauazidenledludaszuumunuiind CC-CV s Relay RS485

uaz Modbus RTU fauansluguil 3.12
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MQTT Broker
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Charger Box

U7 3.12 msdeansdoyannn CAN Bus g5¢UU redPLC-NodeRED sniluslnnea MQTT
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3.6 NITWAINITTUUAIUANAIY Mini PLC-H3 (redPLC or Node-RED)
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nsua karnaalnilnveessuuv1sa Nellnsesnwuuludnuyaizaanainadigli Execution
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flnd CC-CV dmiumunuAlssiunsil (Constant Voltage: CV) uazAnsziansdl (Constant
Current: CO) vasiaiassiamailiaonadasiuluslndvosnunnoiurasseduusediu sisil
redPLC faanansaifonsioriu Power Meter sivuduimesing RS485 Lienfuiios ud gy
Inuavdstoyaidng Supervisory layer i1 Node-RED ladnady denalviseuuaiunsa
AIUANLALANMINANUEYDITEUUYISALINETA execution layer Wenfiuag1atliaiesnimn
3.6.1 AISWAIUITZUU Supervisory Control Ui Node-RED

530U Supervisory Control gnitamiuuLunannasa Node-RED iftal#iiu
gudnandlumsuszananadeya nsdanmdumansiieuvesszu waznsidenlosdeya
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uinzszduLIsiy siatliile Node-RED l#§ufaya CAN ID 990 Communication layer w&?
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91n3U7 3.16 azwiuldinnnelu Node-RED szuugneenuuuliaunsauen
HUN1eTaLaved CAN ID wiagszuueaniaINiueg1adalay lagnaiaInasiaaeuniigway
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3.6.3 nsAemuuazuindeyandenuile AC vasszuUS
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Wwad Ansziaussauzvesruuensa wagldidudeyaddsdmsunsaraeunnugnsieaves
Execution layer nMelussUUII5auUAmD3 NMC U3 Mtinnsasatandsauils AC &
auddnyenTinTeienuduiusserimdsnuliihdivensiswnfauasngAnssu
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Fafimaasundasvesidslninuaznszudlniinasanszuiunsmnia oﬁ’qﬁ?usﬁauuaﬁiﬁmﬂ
5rUUnT19InRnlddmsuinnuanIuevessruy JAs1eringAnssunisldndeany waz
Ussilluaussougvenadssnialundasluslndnisnde

Tumsesaiandsauliiils AC sAfedidenld Power Meter fu PM2200
dmiufiadsusindu Input eaiad ssrnsanadi Tngunsaifandnanunsansiaa
Amnsdnesnielninddidy Iiud arusstulnia (Voltage) nszualiin (Current)
&gl (Active Power) wasndsnuliihazay (Enerey) W1 Current Transformer (CT) 7
Andauinnaedeuvessyuy vl PM2200 annsadeansteyarinuluslanea Modbus RTU
UULATOU1Y RSA85 ‘Vlo’ﬂﬁﬁﬂtuﬁﬂL%@MIEQ%@H&%’]@ supervisory layer v8955UULALAYAT
uennidoyaiildarn PM2200 Sagnlddmiulssiiuaruseiilesmesssuuiia nvaaeu
waAnssunslindsnureaniowde uarlddmiuuioudsundsnulniseninusiaslls

Tldnsufaniegluanuisde duanslugui 3.17
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SU# 3.17 msdinsnumdanuliiils AC she PM2200 r1u Modbus RTU

mﬂgﬂﬁ 3.17 agwiulendiimes PM2200 Qﬂﬁmgqaq'éﬁu Input Vo9A3 84
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dwduinanszualniinvonndewisa vaziawssiulni Adsluin wagndanulaidin
azauvzgnUszaiananisluiiinesnoudetayaniuaiayis RS485 LUgs Node-RED w1y
TusTnAoa Modbus RTU fisiideyafignasiataagnlddmsuamunginssunislindany
y9a1A3 09u15 9 lundary1sv89nsEUIUNTYS Y il idudeyasredadmiudseiiiu
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Address a3 3amasfiunnsineiu aildoyaiildnielumuddeusenaudisauseiuliin
nszualiin Maalndin wazndeuliiazay Iﬂﬂsﬂ}ayjaﬁ\‘muﬂgﬂﬁjﬂLﬁUiUE‘ULL‘U‘U 32-bit

Register tiatfiuauazidenvastoyadmiuldlunsinsgringinssuvasssuuynsa de
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M5197 3.5 NMsuaUIIawes Modbus RTU dwsunsiaandeanuluiiile AC ves PM2200

. . | Address U9 .
WISTEHLNDS Y9 NUELA

(Register) Register

w39n Ul ANRAELSIRUSEUU (Line to
3027-3028 2 (32 bits) V

Voltage: V Line)

nazuwalii L
3001-3002 | 2 (32 bits) A | Aedunsewalnin

Current: |

Aaabulin

Active Power: | 3053-3054 2 (32 bits) kW | mMaelninaseveessuu
P

nasu N
Energy: kWh

3203-3204 2 (32 bits) KWh | wassuasay

'
Ilaaa [

597 3.5 aziuldinaAusauliiinvesssuugndafvey isdaimes
Address 3027-3028 vniziiAnszualiiiiazegil Address 3001-3002 drurrdslufiiass
Y8338 UUILYNE1UIIN Address 3053-3054 uazAmdsuliliazauazgniniiveyd
Address 3203-3204 %41l Node-RED agvwiindi81ud 1t ayaa1nidainesdanaaniy

Modbus RTU feutdeyaiingnizsuiun1ssiudeya (Merge Register) wazuiasdoyaliag
iugﬂLLUUﬁamqiﬂﬁé’fﬁuﬁmﬂiu supervisory layer Ua4szUUMNIARB U

aelu Supervisory layer 1uAdeldiamnszuuUY Node-RED dmiusy
ATNEI9IURIN PM2200 wUU real-time a8 Node-RED ag¥mtindl Trigger n1581uA970
filnesH1u Modbus RTU 13 CAN ID ¥esuunine3 wiazszuy neuthdeyasiamesidng
nszUIUMITINTEYa (Merge Register) uasuiasdoyalrioglusunuuiianmnsaldanuldniely
syuv et deyatignuszinanaszUsznoudoa sl nszualiii Mddlai uas
wasulniagay neugndadigssuugiudeyauas dashboard dwsuldlunisinniy

ANULVBITFUULUU Real-time Aauandluzun 3.18
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U7 3.18 M3 unaztiufindoyandaanuain PM2200 Uy Node-RED

91n3U7 3.18 aziulddnnnelu Node-RED szuugnesnuuulvamnsauen
WdunsnssuAmdsaum CAN ID vesuunmesusazszuy Taawleszuuldsudoya CAN
ID 917 Communication layer 13 Node-RED 911115 Trigger N1581u48ya31n PM2200
K11 Modbus RTU Aauldngnszuaunis Parse doyaiflowsnusaduliin nszualyivia

o w (% aa 3 a 4 :.’/ o [ < ¥ v
el wagndsnulnieenanniamesvedines anuuszuvasihnsiaiudeyaiing
Google Sheets wanAUTUSINAN1TISIVOILUAADI LAAZITUU LU 0x500, 0x600, 0700
wag 0x800 Metlanuddedinmualissuuinnisduiindeyann 9 1 uil welddmsuiinny

a Y @ a 4 ' 3 . Y &
NOANTIUNTITNAIIUVD AT 091 59T UTEWTNNNTZUIUNTTVITAIUUY Real-time wazldilu
Judeyadmiviiasgianiuenisysawasnisawinmlihnenisusslutuneudaly

weana1nil n13ld Google Sheets dnsudaivtayadagliszuuaiuise
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4 1 [ 1 | o v a CY =1 [y < . .
Ysanuszuveaulallaetwaiies Insdeyagniuiinasgndaiuluguiuy Time-series
data FeanunsainlulddusuiiesizringAnssuveanisswisalunsazlusling wWisuiisu
WasulninsEnINewne CC uag OV samdslddmsuussliuiunliuuessuursalusyes e
Taegnsfiuszansnin vistuuanieasnandagli Supervisory layer U995 UUAINITANNNU
$2ufU Execution layer kag Monitoring layer taageauysaianglilaseasianisdeans
AEIAUVDIUINY

3.6.4 nshanuaziuiindayandanuils DC ¥a95EUUYIse
sruuianuteyandsuilinszuanss (DC Side Measurement) niaunTu

BT UNTIVEDUNGFNTTUTDINTZUIUNITVITIUANDT NMC th3ssiusinluszau Output
YBRATBIYITNAAAT LagN139539TANGURE DC TAudIAgyAanIsATIEINg AN suTd

szuUing CC-CV 1lasannansewalniliwazisenulniaziudsuluasnuanuaen1sensa

al

Tunsagy19veInTEUINN15¥5a Neildeyannsiainlavsgnlidmiunsirgeutianssuansy

Y

(Constant Current: CC) waza9wsasuAsil (Constant Voltage: CV) saudialddmsuusziiiu
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AUTIOUTVDUAS BT IATAUADARSBIVBS Execution layer AUlUSIHENSTSaTifvun
Tingluseuu

Tumsamatandsnulaiie DC rddediFenld Power Meter ju PZEM-
017 $auifu Shunt resistor 4u1A 50A FufURnReU3nLEHATELATDI IR TE WIS
L3S IUAZLUALNDS Ty PZEM-017 anansansaainaussiulndy nszudlvii mdslndi
wasndanulniharanesszuuldlnenss HendnnnsinuressyuUasITnaedenisin
L5IFUANASELUL Shunt resistor WiatluuimaInszualifing luasuszuy vasiian
ussiulnihwesuunimeiazgnasainainiedmaveseiomdalasase dwaliszuuannen

AnPUNgANTILVRINTEUIUNTVISAIUIEAY DC liagiaiiies daanslugun 3.19
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Supply

.

RS485 to USB cable PC

50/100/200/300A shunt

SU# 3.19 m3nsrafemdssnludingdle DC fhe PZEM-017 Saufu Shunt Resistor 50A

NFUT 3.19 auiiuladn PZEM-017 QnAnaaogusiiniednavedaAzednnss

wadielddmsunsivindmisdwesnisliiivesssuueisals DC lnvaunsalfsnand

aunsad ea1stoyan1ulusinaea Modbus RTU uuLA3a91e RSA85 neudsdeyaiing
Supervisory layer vasszUU Haiidayafildain PZEM-017 asgnlddmiuinaumefnssuves
ussunaznszualndinluzag CC uaz v suddddmivinngiaussourveanissnialy
usiazlUslrldnsvsavesuunine’

M58 1UAINEILATN PZEM-017 1u3deil vl Node-RED s1udoya
W1u5Famesves Modbus RTU Tnedeyadi ¥ a1elussuuusznausloausssuluii

nszualndln fdaludln ndauliiazan wazanuzusaiuiAy (High Voltage Alarm) 3
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AMsIsmeshRazriinazaninAvaglusFawmas Address NWANFAIAY TIHTLALTIFTULAL

Y Y Y

o

nazuazgnimnuluguuuy 16-bit Register vauzfiAmaslniuaznasnulninazgndaiu
lugUuuy 32-bit Register iiaiiuauazidenvestoyadmiuldlumsianeinginssuves

SEUUVISD AILAAIIUAISI9N 3.6

M7 3.6 MsuaUTIames Modbus RTU dwisunsiadandanulniinda DC wos PZEM-017

- . Address . . . .
WISELNDS IMUIUSIALNDS e Resolution
(Register)
w59 Ul
0x0000 1 (16-bit) V 1LSB =001V
(Voltage, V)
nseukaluin
0x0001 1 (16-bit) A 1LSB=0.01A
(Current, 1)
ARGAIRIR! 0x0002 —
2 (32-bit) W 1LSB=0.1W
(Power, P) 0x0003
nasulndin 0x0004 —
2 (32-bit) kWh 1LSB =1Wh
(Energy, kWh) 0x0005
ADTULLIIAULAY
(High Voltage 0x0006 1 - OXFFFF = Alarm
Alarm)

s

15797 3.6 iuldIAusetuliivessruugniAAvey i3 daines
Address 0x0000 vauzfirnszualWiinazegfl Address 0x0001 drudnfdaluiinazgnenu
910 Address 0x0002-0x0003 wazAmdsnuliinazanazgniaifiuegi Address 0x0004-
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YaeszUUIFIasdnfiutoyadindgudeyavessyuy

aelu Supervisory layer suAdeiildiamnszULUY Node-RED dmiusu
LazdnLAudeyandsa1uaIn PZEM-017 WUy Real-time Insszuuazyiming sudoya
Ul szualin Adsluil wasndsulniagausiiu Modbus RTU neuidays

dhdnseuiumsdnguiuudeyaliegludnuae Time-series Data dwsuldlunisdaiudaya

(%
1 [

Wnggudeya InfluxDB Misiideyaszgnuendaiuauldsivdnisysavesuunmeiunay

Y Y
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InfluxDB 48V05A |

\ |
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U7 3.20 msdaiiudeyandaauils DC a0 PZEM-017 aslu InfluxDB sy Node-RED
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o [ [ @ v £ dl [ @ % 1
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a ¢ v ) X ¢ A v
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