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SYSTEM FOR ELECTRIC VEHICLE CONVERSION USING CAN BUS.
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Control System

This research focuses on the development of a control and communication
system for electric vehicles using the CAN BUS system in modified electric vehicles (EV
Conversion). The commercial motor control units available in the market are unable
to control the operating mode, motor speed, safety features, and power management
within the vehicle. Therefore, this research utilizes the CAN BUS system in conjunction
with the CAN I/O PLC control unit and MRS Developers Studio software to control and
command various systems of the vehicle through Controller Area Network (CAN)
communication according to the SAE J1939 standard. This enables efficient control of
devices within the vehicle, such as the electric motor, signal lights, braking system,
throttle operation, and operating modes. The testing and experiments were conducted
by simulating the operation on an ATV to analyze the stability and accuracy of
communication between control modules via the CAN BUS system. The test results
demonstrated that the CAN BUS system operated stably and was able to transmit data
between control modules accurately and rapidly. The control of the electric motor
and other systems .in the ATV worked as specified after adjusting the Pulse Width
Modulation (PWM) signal with a Low Pass Filter circuit to convert it to an analog signal.
Power consumption was measured using a power meter along with a V Box for real-
time energy usage data collection. Additionally, the system was able to display real-
time status on an ATD3.5-53 screen, allowing accurate monitoring and analysis of the
vehicle's status. This research showcases the potential of the CAN BUS system in
controlling modified electric vehicles and can be applied to other types of vehicles in

the future.
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muANBIEnMIednd (ECU) i1y Parameter Group Numbers (PGNs) 3a1fusszyuseian
yostoya 1Tu MsAIUANLATEIBUA SEUULUSN Vi3enInTiaitadesyuusing o Tnedeyadi
AwdAey 1w Teyaduaulasnde sgldsunsindifumnudfyuazgnasieuiiols
nsdeansifintuagaiursiinasusiug mmgnwﬁﬂﬂiaa%’NLW?MLLUU 29-bit Extended
Frame vilWanunsnsossudeyaiidudounasiisneasiBongean 8 lusidedon wieuisd
szuuATIRaeUdeianaaLUUATUIslBlas AN T efieuaziafisnmuean1sdoans
UBNIINT 1ATFIU SAE J1939 Samensarmanninues CAN BUS Iifsessunisidlensia ECU
Ietgagniie 30 Inunseiadetnedagud 2.5 Tnefinisdnnsiiegdumaazanemavostoy

11U Protocol Data Unit (PDU) é?'fwhsiuﬂwi%’mﬁwﬁummﬁwﬁ’ﬁgmaﬁaga andninsds
Fomnudrdou uaniiuussavsnmlunisdeats SAE J1939 égnuhanldlugiusudli
finuas (EV Conversion) titeldlunsmuspilyummsyhauveseineslnih szuuusn uaz

N13ATIVABUANIULNA 1Y UBNAINTEIgLiuUszanSamlunsdnnisteyaniuaI

Uaoady Jumsngauivanimiinaeunsldanunianuimeas

/‘
ECUlW LECU?_‘ o © © ©o o tCLJN

T

Max. 0.4 m

|

Max. 30

E R 120 ohms

120 ohms le- Y /| | }:)C.H

Max. 40 m

sU# 2.5 msifeusie ECU 993msgy SAE 11939

Protocol Data Unit (PDU)

f915015UA 2.4 CAN 2.0B Wu31 Identifier fuu1n 29 On AsliAnunsgiudign
fvualagamauimnssueueudidu Protocol Data Unit (PDU) faguil 2.6 Alddmiusa
tavdesaussnuuning (Wumiiedeyalulusianea SAE J1939 Affunumdrdglunis
Fan1snnsdeansluszuu CAN BUS Tas PDU Uszneusiedeyali saduddanazysuves

ToA11u naenutayaiiedtudwiuaudAyvestenuiids Fehelvszuuaunsadiwun
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n1sdeanssenitensdsdoyaludigunsalidmanensey (point-to-point) n3en sdsdaya
wuunszagludmngunsalnigeusslussuy (broadcast) n1sld PDU dawalvinisdansdeya

a

fUsgansnmElulardiganlaymanugideulunisdiioya

|

PDU

g‘dﬁ 2.6 Protocol Data Unit (PDU)

dvuusznauvas PDU

1) P (Priority) [3 Bit] duilssuszauaudidyvestoninuignds dayandean

Y

AnudAygergnasnaulunsiininisdeasualesenshuesetny

v
= 1 v

2) EDP (Extended Data Page) [1 Bit] Tnil ld@miuszyindoyaiigndeiueylu

Y Y

Tassaadoyauvuveeviold dulnnjazldlunisvenstoyanisdeans

3) DP (Data Page) [1 Bit] Tnillédmiunisutusndeyaluuaudeyavdnviolumii
W msszyuauteyaiuandsiutielianinsadnnisteyavanoguuuule

4) PF (PDU Format) [8 Bit] ﬁauﬁiﬂuﬂaﬁﬁisugﬂLLUUSU@Q%'ayJaﬁQﬂdq GREMPTY
LenLEEdBYATENINNNSABANTLUY point-to-point ¥3enNsAeasHUUNTEANEENNgUNTA]
(broadcast)

5) PS (PDU Specific) [8 Bit] Has vz mundieguessisulunsdivesnisdeans point-

to-point elunisdsdeyauuy broadcast Fadtiazimuadssinnvesdeyainvzgnas

¥ '
=

6) SA (Source Address) [8 Bit] Nandlszuii oy vouidadaya liaiunsasey

9

wiasnvestayaladaiau
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1
1 S

7) Data Field [0-64 Bit] @auil fle Yoyaaefigndssinu PDU Fsenafiauenasus
0 i3 64 On Tuegfulsminnuazdnvazvestoyaiioamsdeas
Parameter Group Numbers (PGN)

PGN 38 Parameter Group Number 1Jusszylulusinrea SAE J1939 et
AvunUszianvesdeyavietemuiidsiuszuy CAN BUS Tag PGN faguil 2.7 vimiidivs
venfswilauazdnunirueadoya 1Wu deyaifsriunisaiunueiedsud sEUUIN 30N
Fiadedgymlugiueud n5ld PGN Tunisdnnisteyavinliaunsaivueaiduaudfiy
yostoyatignaslsiogistaou Tnedermnuiifinnuddngan wu doyasuniaaonsde 2y
andeneudeyaiifanudidyesnin deteifiuuszansnnuaziafiosnimusssruuns

doanslugnueus niaunwasuauUasnnalunisigey

3Bit = 1Bit 1Bit = 8Bit 8 Bit 8 Bit
p EDP | DP PF PS SA

U1 2.7 Parameter Group Numbers (PGN)

2.6  n13UszENA CAN I/O PLC 394U MRS Developers Studio

n1514991 CAN /O PLC 999 MRS 21U MRS Developers Studio tJun1swanu
waluladensauiuassendniivislunmsmunuuasdomsteyaseninsgunsallussuuenu
susinIegaaIvnssud 19 CAN BUS Tastannzlusugus laifn (EV) CAN /O PLC &
Auansalunsdansdygiudunanaziondnai natnnate W elds1uiu MRS
Developers Studio FaLduiniaiiodmiunsidoulusunsuasinnnszuudeasuuy CAN
awthelinsmuauuazdeansiugunsaiing 9 suszuy CAN BUS iuldegnaiiuszansnm

WagusuENg R

CAN 1/0 PLC 489 MRS Muannsgufl 2.8 1ugunsalfieeniuuniievinaiusiudu
s3UU CAN BUS lagvivinf atuauiazUssaiananisvinauvesaunsalsing q lussuy
dnludfuuudealnyl wu Wuwes wawes wazgunsal /O sren1sesnuuundangu vl

CAN I/0 PLC anunsasalusunsuiieauaunssuiunsidudeulaogiuwiugi gunsaliids
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sesfunsidensetugunsaintsusndulusinnea CAN BUS dstaelvarunsadsnisuay
AsIdoUNIYINTesaUnsaling 4 tiegesinisy 1w nsaivautewmes nssudeyasin
Fuwes uazn1smuaNszuUBY 9 ifesnisauusiuggs uenand n1sdalusunsunis
viaudsannsauudsuldmuanudesnisanizvesszuu Tnensldausudu MRS

Developers Studio Hgliniseuauuaznsdnnisnszuiunisiliulusgefivszdnsnm

{795 1.033.308.00 AN
CANEO 55‘6‘"‘;:::"03';‘\’_‘“ ™ ] Vccl - P12 P09 — CAN H
m Vcc2-P17 P10 - CAN L e
m KL15 - POS P13-1/00 fumm
] GND - P01 P14-1/01 fumm
Al 0-PO07 P15-1/02 jum
] Al1-PO06 P16-1/03 jumm
Al 2-P05 P18—-1/04 juum
] AI3-P04 P19-1/05 fumm
I Al4-PO3 P20-1/0 6 jumm
m{ Al5-P02 P21-1/07 fumm

gil‘ﬁ 2.8 CAN I/O PLC ‘;i‘u MRS Developers Studio

MRS Developers Studio 10 uaas w257 panuuunILf satiuayun 15U
szuudeanslu CAN BUS Tnslannisviienusaniu CAN 1/0 PLC 903Ut 2.9 goviduasil
Pl danunsoslusunsunmsviieuaes CAN 1/0 PLC ldegsaeiBonnundasnisved
syuv ndeutadl e dunstiasinisiauluanmrademaionsss Swasliaunse
AsIAERURAENAGBUN STz uUneutlUldIuase anaudsanndgmiiens
Antuluszminensldauads wenaini MRS Developers Studio §ailin3asilofignelunis
asvaeuLazuiladymilietulussuu CAN BUS Ideghemnigs sildaunsaiiueadiosnmn

14 1 IS a a
voeszuUlapg1silusE NS AW
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B8 MRS Developers Studio V1.40 = o x

File Graphical programming  MCU flasher Help

M Graphical programming ¥ Create new project

[opened project: |

Create now project Pre:
EDIT CAN_DB Edil more DBs Revisorc[§ ]

Project CAN-Baudate Prcject name: CAN_I0_E_

CAN_BUS_0 1256t

Baudiale | Oscilator |Ju-u,wm |F’vwnlw ‘ijew-ﬂ ITme,Ssunu-iE

Cieate in: DACAN-BUSACAN-ATY

START EAGLE

In FUP avaisble In- 2nd ouputs: Start comgilng manualy:
Names /0

Comple

;J‘d‘ﬁ 2.9 NS MRS Developers Studio

n15l91U CAN 1/0 PLC 52U MRS Developers Studio #1gl#n1seaniuunaznis
AUANTEUY CAN BUS lugugusiviessuugnavinssuduluegnsuiunasiussansam
goiuaiiteliimnsuasiiannausauiuwidusunsuiionuaugunsainng 4 Tdegs
§ANEULAZADAAT BINUAIUABINITIRNIZVBITLUY 13U N15AIVANLBNES TN N15U5U
lruani1svinauesgunsal ¥iensnIvdeuanIuNsalvinuvesssuuaulasndely
BUBUA

Fregumsldrunisfonsmuaudyaimouiden é’agﬂﬁ 2.10 3 CAN /0O PLC
annsadednynneunden Kunisdeansiu CAN BUS ImEJm'i@?ﬂﬂil,t,ﬂimﬁamuqmmmL%%
Wasulvmanisvhau iievgauesdyyin indununisdedarauauiannsasiiunis
rugenduIs MRS Developers Studio Wlszuurineegnaiiuszdnsnm ndeumaasy

AuUaaniekarANkiuglunsAuAY
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I X I C I I E | —

CAN I/0 example project 1:

Read analog inputs, switch digital outputs, send and read CAN messages

@
A

L

[CHN graph @ ;;. L.“’ S

U7 2.10 fhegranisldaru CAN 1/O PLC $auffu MRS Developers Studio

2.7  wénmsuaznsUszandldiangasndnuinn (Low-pass Filter)
Fanseeaudin (Low-pass filter) Wurasiivaelviduanaanudsumluly vaed
y@igﬂmﬂ?W@JSQWBQH&@%@U%%@&I’@QWW Falunumadnluszuudidnnseiind ssuvdeans
uaznsUsznaradyy I Inednsestannsnadiatuldanesiuseneuiugiu wu &
Frumu (R) wagdfivuszg (O deanunsadmunsinuide (cutoff frequency) leann

dunng

1

bl
¢ 2aRC

dl' A Ao A I ¥ = I v @
bl® f AD AIUNNA, R AD AIAITUAIUNIUY, ey C AD ﬂ?ﬂ’)’]@J’iﬁJ@WﬂLﬂUﬂi%ﬁ!
C

[

F19E819N1TADNITNTDIAMUAMNT AIFUN 2.11 (Low-pass filter) Usztanaaefiinges

Y

AU uUseeniJuassUssinnuan lawn fanseawuunadu (Passive Low-pass Filter) &9
IHamzddiiununazduiulszy lddesnisunasdieliiiaiy uazdansesuuwanaiin
(Active Low-pass Filter) @adin15ltuondlay (Op-Amp) tWatiuUszd@nininuazaiunse

veedyald nsussyndldnuvesdinsesnnudaivainvate wu lunisussuians

v o a

dygradeuiomdndyyrusuniuanuige imdeadianudaaudu 1dlussuu

o

Uszananan i oandygrasuniu wazldlussuvdoaisiionsesdyaiad ludeanis

[ g



wenani Tuszuumuaueueudlii dnsesanudidadiunumafglunisnsesdayayin
< 4 [y 1 4 = a a

uiges andayayrasuniulusyuy CAN Bus wazdiglinisaiuguueimnesiusednsainuin
Ju lagagu dnsesmudanluesdiusznavddgivielissuudidnvsetinduaznisdeans
auldegradiuse@ninm msidenldmnsesivangauiueg fUAINURBINITVBINsRE SEUY
Faa 019098 USUUTIAUANVIF YY1 ULATAANITTUNIUT b N aUTEae Lo oe 19

ULANTNIN

R

o— M — O

Vin C o= Vout
1

O O

JUT 2.11 f@E19N1361829930504AUAAN (Low-pass filter)

2.8 QaLLﬁﬂ\‘lNaﬁﬂ']‘IJﬂ'ﬁﬂj‘ﬁ’N']u‘Ua\‘lixUU CANBUS

JauanNg ATD3.5-53 Wuuesaauwiiinesenanlulasaeulnsaiaes ESP32-53 3
WHufuuuu Dual-core ﬁﬁﬂizﬁw‘ﬁmwiumiﬂizmawaqq W50N1UILANTT Flash U9
8MB waz PSRAM 2119 8MB 5095UNSY9IUR8955UUT fiaan1sn1sUssananans inuas
Fesluszauiidudon Teveiniuilumieusuntiraeduiauty Capacitive 1uin 3.5 7
ANazIB YA 480x320 Ainwwa ¥ia IPS (In-Plane Switching) @<linnd pudn dduauass
uazaLdfind sesfunsduiavarsqasusimuaussuvduda FT6336U Midloureniiu
2C vain ATD3.5-53 fiqauauvAnindeudewvuldats Tdun Wi-Fi aad 2.4GHz uaz
Bluetooth 5 Yaglianunsadeansiugunsalneusnviosruumunuldegadanguuayil
Uszansam uenaniifaflosuszneusnsaudifiuiufisnneniuasanlunslday w
a1lnenreluf aunsaduideanau Digital-to-Analog Converter (DAC), ¥asidaunisa
MicroSD ﬁm%’u%’mﬁu%’azﬂatﬂmﬁu iauﬁqwaéfm%awiammgm U 12C, SPI uay GPIO @
wngdmiusesutudumesuiogunsalnisuendu 1 Tudumsiwulusunsy vednd

) a P aal | . = ° o Ya v
sp9suATRlianazlaus1sNvaInvane Wy Arduino IDE i@ nsun s uAuLaY Maker,

Y
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laus13 LVGL (Light and Versatile Graphics Library) d1msun1sasiadiufindesldau (Ul
wuunsinfiaulva way SquareLine Studio Faduedesiiessnuuy Ul wuuainsdianuise
Wousaru LVGL telnsnss freauannsadieiy vasa ATD3.5-53 Saunsnzauat 198
dusumahlvlfnulussuuidosmsuansuadoyauaznevauowionsduia iy Wideild
M3 wansraanuzvesszuulusmeudlninuszian ATV lddrasdudeyali ey
wumAe3 ANULEY uawmes nIessuuliiinislusisa lnsvesaaiunsansvauasldeti

wiuduaziusgansnmludnuaeSealngd fegreae ATD3.5-S3 fsgun 2.12

What do you want 1o do today?

JUN 2.12 99ATD3.5-S3 UaAA@nUN15TNIUYRY ATV

CAN BUS Shield

Tuga ATD3.5-53 CAN BUS Shield ugunsaliasuiiesnuuuandmsuldausiuiu
uain ATD3.5-53 LilatfiuAuanunsalunisdeansiuia3esns CAN BUS (Controller Area
Network) BaLduszuvdeansifenldogsunsvanslunugravnssunazeusud Tngiany
Tuszuumuaudidnnsedndvosrunnug Tugadsesiunisdseyadasainuiiagean
1 Mbps uazli3Umuauanui$n Texas Instruments (T) Faduluanmnnsgiu 1SO 11898-
2 faglinisdeinudeyaseninegunsalsing q Tussuy CAN BUS vulUsgnausiugn watius
waztdoiold wiluanmuedendifidyausuniugs Menuaut@dana luga ATD3.5-53
CAN BUS Shield Faimsnzdnsuianldlunuideiifeidosiu msdoasseninaszuy

didnnselindlugtueud Wy n15g1udeyasinnaesaiuan (ECU), N15HAAIAATULIIN
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Wwwasang 9 aeluszuusasudliin waznisifeusdedussuuaiuauaudy 9 aely
gIuNIvUE U 2.13 uansluga ATD3.5-S3 CAN BUS Shield

w Power
04U

1AonISRT
Twaniu: Twanu:
didoya Sudoya

5U#l 2.13 CAN BUS Shield

2.9  «@@WAWIs SquareLine Studio

SquareLine Studio uiAdesilodmsunisesnuuutasimurdumesinegly (User
Interface: Ul) fiiunisldauduninvedusaluseuuilada (Embedded Systems) Ingiamig
dleldeusaudulaus3 LVGL (Light and Versatile Graphics Library) da.dulausi3nsiin
wuulewmueesai e sunnudeongslungudauissuuiledas asviausinduszning
SquareLine Studio uag LVGL Frelinszuiunsads Ul fianuazminuarsandiunnd siu
Tnggfinmnanunsnoenuuudumesiiiusieisn1sa1nuazans (drag-and-drop) K1uLA3edile
984 Squareline Studio kazanunsaguadnsludnuaglnaidssiunisldnuaselaviud
Mntudsensadeenléniioldnusiuiu LVGL tdeghesuiu

LVGL ulausingnesnuuvulbifiaudanguiazaiuisalszuianansing

Y

¢ al

Fugaulaag19duszd@niain wlazyinauuus1sawIsninswensande wu lulas
Aoulvsaaesiall tnsaunsasessuilandusing q laasudau ldinsluduna woudeu wy
JoUdU niensdnnisiadienduuunalsnin dasnuaudfimani Squareline Studio 34

& A4 A o w o a ¢ vaa o v v
ﬂa']EJLTJULQSQQQJ@E“']ﬂﬁQﬂaUﬂ'ﬁWWuqQULWaiLW%Eﬂ%WNQQWN%U%@u GIRISNEEN LLa%m@‘Uﬁu@ﬂm@E‘J’

Tolneg1afiuszansan Tnsaniziilodnun gl unine19e9ussUULaRINAN LN
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FUNA WU TTUULAASNAANIUE VRIS UIUA LI ATV 1999015 Ul AlG91U9I8wasnauauad

wuuLsEaln “R9N19Y9IUUes Squareline Studio WAAIAININ 2.14

+ STYLESETTINGS

DEFAULT

STYLE (MAIN)

* CONTROLLER

8 8 e
B8 =
S

onone light.one
ADD FILE INTO ASSETS

gﬂﬁ 2.14 9NFKI3 Squareline Studio

2.10 TJsunsu Visual Studio Code wag Platform 10 Extension

Visual Studio Code (VS Code) iulusunsuualalén (Code Editor) filsfuanuden
aslunyinWanngeniuad ilosandanudavgulunisldau wazannsasesiuniminis
Weulusunsulauannuane ldinagilu C/C++, Python, JavaScript, HTML, WapN1W1HU 9
ANUINNEY AAUYBe VS Code Ad AMUANNSAUNSUTULAILazveeTenTuNITvInaIuNIY
58UV dautada (Extensions) el ld uamsausuussanmndenliimnzauiu
Fnvazauanizniald widudruasui ddguazladfuanudeuegauinlungy
Aimunlusunsudmiulilasaeulvsaaesuayseuu Interet of Things (IoT) Ae PlatformlO
Extension Fauiaieslefivaglunmsianlusunsuulilasaoulnsaiaesvarounanylosy
WU ESP32, Arduino, STM32 uagdnviainvaiesu

PlatformlO Extension vinlvigiaunaiunsalisulan aaulng dUlnanlusunsy wag
fn (Debug) gunsaileniglu VS Code Inglidndudesadululdlusunsudu Wiuainu
azmnuazanaarlunsiamnegsdiussAniaim uenaini Platformio §diszuudanis
1lausn3 (Library Management) fidaelianinsadnsauarsUinnlausisnsnduse nudivinlg

9g19918AY TIdElTEUUNMTIANITURIANEANEY anansadanuesakazivundUoiuy
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vaalusndlaegneazain aleauaudAt1eu VS Code $auru PlatformlO Extension 34
Jwed osilefimunzanegneddunswaunlassudiusyuuilssn (Embedded Systems)
uazszuy loT lnslonglulassnuilifetesiululasreulnsaaesuaynsdeasiugunsal
A1BUDN WU N1THanINar1uIeduNd nian1saruaNaUnsallussuvetueudliii lag

AMTINVBILUTUNTY UAAIAIFUN 2.15

PROJECT TASKS

Quick Access

'g“d‘ﬁ 2.15 TUsunsu Visual Studio Code w58y Platform 10

Y] 4 a o d' d' $74

2.11 U%‘I/Iﬂﬂ?iimﬂiiilLLag\‘i"Iu'JQEI‘VILﬂEI'J‘Ua\‘l

(Nambunlue, 2024) 11338 Hiuauen1syseyndltinalulad Internet of Things
(IoT) S2unU Power Meter hag V-BOX N 8#539d0ULAZIANISN15 W 391U bwA U
a ¢ v Y] Py ¢ A N a a o o
Sealnduasdounds lneddngUszasdii s ulsednsainnisdanisndauly
APYAAIMNTTU FEUU loT AT uilusenaunie Power Meter dmsuinA1nndines
melieng o W usedu nszua Maslui wazeud v-BoX Jadugunsal loT Gateway
A o v Ao 1w Y] & ¢ g v & ¢
Ay sudsdoyaann Power Meter lUG158UUARNIN LagTEUUAATIIAT LETONALLS
V-NET dmsunaninadaya 3AT18Y wavhdfiow 1ayavn Power Meter dsgndaluds
V-BOX W1ulUslnaoa MODBUS war V-BOX vdedayasaludeszuunainuiiuiaioiy

4 o

duwesiln ldausadrfsdeyanaznsivaeuaniugnisvinauvesssuular v

Y

(3 € A a U A A dyd L4 = L3
WUS1LYDINTOLDUNALATUUULDND 38‘U°U‘Llllﬂ’lWiJﬁWiJ'ﬁﬂiUﬂ?iLLﬂ@ﬂNa‘U@yjaLL'U‘ULiEJ’ﬁl‘I/IlI
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uanstoyadoundslusuuuuns vl ufadoudledmnmfinesmsliindaund uazdston
udafeuruueundiaty LINE uanaint wanisnaassuandliifuinszuy o idmuniy
anansavinuldegelivsgansnnlunisasisaeukazdnnisnisidndsnulniuuuisealngd
uazdounds szuvamsnannatoyaldegagnisasiug udadeudeiinnuiaund
wazauAngUnsallniinanszeglnalaniudeanis

(Rattanachan, 2021) $11398idTaqUssasdlunsiauissuuauudseglii
éi’m%’usaﬁ’a%gwi"ﬂmaL‘U?{sJumszUﬁaLLuaﬂéﬁ%’aqLﬁmmLﬁuizUUIV\Iﬂw Fapunumy
MRS Developers Studio kal9n198 8a15wuy CAN-Bus muu1ns51u J1939 7 1du
wmsguanalugaannsseususialan maianniifnduiiosesfudermuadiuain
UasadBve3nsunisvudsmisunii saduuseguazniseena i udmsugumnus uss
Hlasansfivsendlul) 2014 ssuuiiimuniivssneudemieauaudidnnselind (ECU) wdn
3 v laud ECUL dwsumuaulnuazssuundasauvesdssy ECU2 dmsuamiunuueines
ien51dn-InUses waz ECU3 Wunsuiianesildduassuadsmunuszu Tnoly
nsgvtunsilauarUalses seuulzyiINITnTIvdevanIugeslsznniinsilanieln
anysaiviold uaranadosudafouwaglrinssniumnnuasinune el mnnudiladas
Anvane szuvarddliuemesvyunudiuniinuiiednusys mssenuuulsesiufiuaznns
Feulsunsumuauiinisudsnuseniduassdiu Iéud mseenuuuieasitldluga CAN /O
dmsuauaun siauveslliazszuukdwiiou uazn1sWeulusunsuly MRS Developers
Studio LiomuANNTAINSHBIRES RN UAATAN N FDINT MIAIUANFINE1IENISE
ayrvaouan Uz lavelnvasuszgldetausiug silanunsorugumsiedeudivessn
FaliliEumdumihmiensendslivinuszsgdulneg nansvaasanuin msiauarlausey
anunsadudunsldmelu 3-6 Junf Tngluduneun1ilinuses nazualiiihasfistugeged

I [y

3.3 uendlutasusnuazdesq anasmuawiu TusaefinsUnusegilefinguing nszualves
didudeuflevanaailoyszgidmadeuiidounduiiolausegdnats vuafedislduands
JFufssravsamiasanuaenderessruuaunulsegliihiiaundy aunsadiluléd
sunutlumsiauiudlusuanlfedsdussansam

(Adly, 2023) s13seilinauewuImedesiunislaudlussuunIavieaIunu (CAN)

voseunmuglihdnludd Tnefiidmunedieanaudssnntdaidusunsiedgninidng
! a @ a 3 ! J [ v A

milgauaNdLannseling (ECU) uareradiwansenusenuvasaislun1sdud seuu

secure boot gninldienTiadeuAINgNABIYeIaNALITNYINIUUL ECU lngdeny

danasiunisiirsiadeya ieliuulatnanizgenduisiniunsnsivaeuaglaiinds
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Wasuwladle q winduilaunsarihauld cuisesdldnaaeudanesiiunissnviaig
Uasase 5 wiadunnsneiu Idun CMAC uag ECDSA §enanisnaaounuin CMAC 1t
UsgAvBamgaanlunisiian @i ECDSA Tisefumnuasndofigenin wasluvaziiedy
faflmsandaneifiu ECDSA Tuaifild CMAC Bsliuszavsnimifisduiy 19% deifteuity
ECDSA Wuusiai

(Pham, 2022) 91U 781 Ulauen10enkUUTEUUTANITLUALADS (Battery
Management System - BMS) @wsugnunivuglnilnliaudyu (Unmanned Electric Vehicles
- UVs) Tneldinalulad CAN BUS uaw Internet of Things (IoT) s¥Uu BMS diin1sesnuuusia
Tudaugsauas nazgansuas il ansidouanIuzn15115a (State of Charge - SoC) wax
gamninisvieu rudstestunsdsaunavoneaduunined lassadisvesssuuil
Uszneumelugandn (Master module) waglugages (Slave modules) fivimifingavaey
uazlostugauumneIvatsisadananzdunie lnedeyannlugatesazgnasldslug
n&nHL CAN BUS Faanunsodsseteyailugiaoiauamiionsinmeiuuudealng 8n
783l loT 1l olfanunsauinse Tauagauauaniuguuamed anssezlnaldog 19l
UsgEngnm

(Alzahrani, 2023) s1uideilsefmuinazenuuulusinaoanisdoans SAE J1939
uag Modbus dmiugnunsugliiin (Ev) Tnewfunsldlusinaeanisdearsuuy CAN Bus
LAENIMUANNITYIISIHIUTZUY Modbus laiiuUszavsamnisaisleundanusening BV
fuanfiwnfauazuiuussanutaendslunisien szuvitianildlulaseeulnsanes
Arduino Tun1saiuaunisdeans Tae CAN Bus I¥nnsdedesaszninessuudnnisuunined
(BMS) fiupaulnsataasvesan iysakIudumasing PCAN View Mlianunsansiadaouuas
fuiinnsdeansldegiafiuszansam vaziilusinnea Modbus gnihunldlunisdnnistu
Tugandssuvesanfivisaiemuaumsudaslufii AC/DC wag DC/DC MuAILFBINSg
wsumas BV il nsliluslnneaadesuuuteliannsndiussosmessainseuninug
Inlfirfuaantignse waznisneaeudslauwansliniuinnuaiuisavesszuulunisdanazsu
fouafidenndesiusnmsgiu SAE J1939 Bnsne

(Osman, 2021) mu%“aﬁ‘yg'uﬁuﬂﬁﬂ'wmm'mu"]Lﬁ'ﬁ'aﬁaiumsﬁ'amﬁzmﬁq
gummuzAunas (v2X) Tngldimadia Deep Leaming titelsilddoyaastasiiiiuszansam
wazifivenuvasnfemanuy Tunadimuniuldszuunmsnmuaumdsnuunsnaeniivnga
arreUFulInAIMUINg (QoS) ¥esmsdeans V2X kumsusziiusasdeyaiivinld (Rb),

gnsIn1sdstayauszauaudnsa (PDR), dnsinisaqdedeya (PLR), uazauaidiade
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WUy end-to-end (E2E) Iaglduuudnanin1siTeusidedn 1D-CNN Lilens193UkazAIUAY

NasuNITUNIUlAIINZaNAUAN1IZANS 9 VOLATOUNY
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A5 UUN15IY

3.1 UM
TunsAnenT NSLUIUNITHAZTUNDUNITAMRUNITIVYLATUNITINIBNULAEAWIUNNS

sthaduszu lneaseunguisniseaniuumInaaes mafununiudeya mslnseideya

Y

=

napnaunTUsTendldinesdiauaraunsaling q wielvnadnsnlalinnugndeuasindede
TnsaiumsIdegnimuntuegraluvuuiay dWelvaunsaradnsluldlunsiauiuag
whlulgymauinguszasrvenisfiny 1ideilldinalulad CAN BUS saufugunsal CAN

2

/O PLC uazwensiiag MRS Developers Studio Tunsdeansdoyameluszuuemesud lag
§1980M95g1u SAE J1939 Fslimunussuudeasuarivuniioguasdoya uenainied
MIRTIIEBULALYAADUNN T LTBsEUUL el uladdeyafidsiussuudinugndes
waranasaluldauldas iflesn naea CAN 1/0 PLC lanunsadedayamouden 16
Tnenss 3al4dmEnn1s Low-pass filter ieudasdauanns PWM Thdudaiaeunden el
annsndeansiunasimuauueLnasle uanandgsdinisiamasluilisu Power meter
$2uffu V-Box uazdsdeyaluds V-Net itetuiindoyanislindsnuuvuiFoalnl iterly
Anseian1IInaes dnfunisuaninadeya Teduia ATD3.5-53 vunm 3.5 12 Fudousio
U vasn ESP32-53 gninunldifleuansnadoyauvuisealmiannszuu CAN BUS Toyai
uansTINAIanIUENITNLUTEITEUY WU dyananintuanin dyanalides @e-vn-
ANIAY) FYEIUAULIY LAZTYUULUINVRILIUNINLE WBN9INT 90 ATD3.5-53 SeauNIaUANT
nsfoassevisluga CAN sanuluga fiRastlussn Seheliimansaaouuasnadeunis
¥auTesIEUU CAN BUS SanuutiuginazasiBensaunouiniu dielsifulaindoyad

loSunagnadnsvesnsifelianugnaeawaganunsairluldlaegaiiusydnsam

3.2 N1599NLUUSEUUaRa1sluenusus CAN BUS (Controller Area
Network)

nuideilalduinsgiu SAE J1939 luniseanuuussuudearsnnglugiueud lag

donld High-Speed CAN WJugduuulunisifeusiasenindlugasig 9 Fasyuuilanunsnsessu
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madeusieluga CAN fgeaniis 30 luga uazdrinnmenvensasdoasliiiu 40 wns
dolimnzautunsldou euisedidiluga CAN 10 PLC $1uu 3 Tugaunldlunns
$raesszuvdeans Im&JLwiaziuqaﬁmﬁﬂﬁLmﬂemﬁ’ulﬂiumﬁmmist’fayjauasé’zyﬁyﬂwm 9
meluszuu Tnedinstmusndhiivesusaslugaunnssifusenty el

o w

Tugadi 1 %Qﬂﬁméigamaius?himl,azﬁwﬁwﬁmﬂfgiumi%’ué’zgig']mmmaimﬁmuqu
s 4 ARassluszuurassa ATV lugadagvhmsiudeyannaindauauildlunisusums
Meuwesszuuas 9 anglusa wu nsla-Ualuwin ﬁ’igigﬂaﬂﬁ/\ll,gm dyanadAuniines
w&a Wuan159191u wagn1sdenuiltudy 9 fieites mﬂﬁﬂu@a%dﬁagamdﬂﬁiﬂé’a
Tupadu q nmeluszuusiudomnsdeas CAN Tagsudl 3.1 uannsesmaideudevedugai
Feazgamnsouandiisiudenisdeusressninsaindaiuausing q uazluga CAN 1/O PLC

ieliszuurinulaegiagneies

oV o——
HEAD2
—_—— 12V o—— .
HAZ1 : @ (Eg)
—— &= — S
e I B I S
— —s 20
12V —_—— - - —f4 19— RL1 —_— T —
—_— -——5 13- - -
SWL1 _J - = KEYC1
—_—— —_7 16 [— — —_— —
GEAR? | BACK1
—"—— I’ | i 13— | Y——""——»
GEAR1 (] T || FOR1
ov — s — | CAN1 L s .
ENGI1 [ | HORN1
12V oo | | L o 12V

JUN 3.1 unuianiseeanelnl vedluga CAN 7 1
lugadl 2 aggninfanauntnvessa ATV wazdunuindidglunssudygiaain
LDULDIAULIIUAZIYULLDSIUTN TABAZVINAIIATIRTVANIULAN & VBITTUU LU N1TNAAULIY

a A v Y] = A v o a ]
W3on15UIn Wedwayaludilugadu 9 lussuuiielianunsaUssianauazaifunissely
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o |

I¢egnegnies uenanil Tugadl 2 Ssdinthillunisdsoandayaalideuazunsildsudian
Tugad 1 ilelinsuansmaesliFeiuarnisvhauresuasmssmuNsmMUANTaTuT n13
Houstorsasvedugatiasuandusuil 3.2 Sagtelidumadeusdessmitagumeding « 7
FUFYYINIINAULTILASLUTN 53uﬁﬂﬂﬁi§uﬁﬂﬁ'@mﬂm1WL§83LLazLme\]’lﬂIu@Jaﬁ 1 HUIZUY
CAN agdlsin Tunsdlvesunsiuiinsldnseualnigs Soililuga CAN llansnsade
i luunsldlaenss ddufedufudeddfindlumarisdinuuns wedeatulililuga

CAN Tasuanudeeainnisangluiuiniuly

0V o— =2 1V o— o

ACC1
50%

AAmmﬂmmAMMA
iy
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||III||I
S
<

L o
DR
|l|
1|
)
(%) E(%)Hﬂ
%]

'gﬂ‘ﬁ' 3.2 usuamsseangln vasluga CAN 7l 2
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a (%

lugadl 3 gnAnAINaIUNIeYeITa ATV warinindAylunisdsdyauilasu
nvidlugad 1 waglugadn 2 wethluaurundesaiuauuewmeiuazgaunsaliig 9 aely
FEUUYDIIA LU NTAIVANAULTY TEUULUIN alntneywd \ResAUNtI-00evmae uunnis

e uagliliderrunds lwgallagvimihiussananateyailasuaniiaeduga neuinay
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[ 4:1 v o a

dedyyrailudagunsalminedtas elarunsavnaulanungTuidenis Tudiuves

|
o

o LY ] gj ~ 1 ! o 1 (% <3 [ % J 1
UUNAULTINY e nluna CAN lummsaaqmaaLﬂuaagwﬂmamaaﬂlm LAFINTIOE

L Ag7] U

Judyayras PWM (Pulse Width Modulation) 16 fsdeaiinisudasgudayaranin PWM 1Ju

A

—

o

Ay

o

< ¥ . ~ o [ [ 1 [
TueUNaEN Laen15le995 Low Pass Filter LW@VHﬂTﬁLLUaﬂﬁﬂJufyﬂmﬂﬂﬂaTﬂﬁLVTJJ'W?!&I

funmsauauaUnsaindesnsdyanaeuion n1slenreisasvestugaiiasuandluun 3.3
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Feazgreliiiunsdousessninlugad 3 Auaunsalsng o egluszuuressa weliszuy

—o0 BREAK
ov 1 2k { T2V o———-ol/’_
— 21—’ | Oy KEY CONTROLLER
-3 20— i
e b O —
i » 0 B
o | 17— 12V ;
-7 Bl —— = R3 RL3
—8 "“s—
—i0 - —{ g ACCELERATOR
e AR o
—~11  12}——o0 5V | v
C1
CAN3 |
12v o
L —
KEY3 Gnd °——°./°‘_ REVERSE
\ :
CAN-H - _@_ —o OV
T = RL4
R2
120

CANS

U7 3.3 unudsnssioanslyl vesluga CAN 71 3

N1588NLUUIEUUE 013t Yol lugar saruanunsavieus wiuldog1ed
Usgdniamnglaunsgiu SAE J1939 5'3@Lﬁumﬂmigwuﬁiaﬂ%’uﬂﬁﬁlamﬂuizuumuswﬁ
lngnmsidentdinalulad High-Speed CAN ¥agliszuuaunsadedayaseninalugasiig o 1o
oI waziiafiosnings nsimuadediianisiiuninuenisesuariuiulugad
Fousold vilisvuvanmnsaviausuiuldesnamngauuagiiindymainuaddenis
andetoua sruuiitnelinisvinuvesgunsaling 1 Tusa ATV Wuluagesuiuasiini
wiug iesnnlugatianuiinisusznanadoyauardanulfegeiivssansam smdsnis
Jouseflafiusuazsesiumavinuiivannvany 1wy MsmuauAuLss 1wIn @ntnaue iAo
Iiden uardu q Idedregnipauasiiuan ilvinisvhauvesssuudoansanelusa ATV &

ANt g shaziiuzaunansidulugn wwInaauR g 9
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3.3 N1599NLUUNISYINSIUYDIUTULUR
N1988NKUVIIATNITVINUYBIAazINga CAN I/O PLC lasunisivualiinig
yhaudiusnssiulumumhiemzvesusiaziuga dedndudesiinisdeulusunsunium
dievtlinmavhauedugaimdriiaenndostuuazshanilfogaiiusansam kuseviu
MRS Developers Studio Lﬂ‘%‘laaﬁaﬁiﬂums&y’mwLLazL%auiﬂil,miué’m%’uiu@a CAN 1/O PLC
890 MRS TaswawduifinannaelianmnsodfirnisvhaureusasTugaldogvandonuas
psanuAFasnsvessldanlundaznsd lassaiswesmenduaiildaulduanseyly

gﬂﬁ 3.4

E*= MRS Developers Studio V1.40 = [(m] X

File Graphical programming MCU flasher Help

U7 3.4 mifsnslusunsa MRS Developers Studio

331 tunsumsaslusandlmiluniseanuuunisaiuauszuUASieIY ATV
nsiuduaslusandlusidimiu CAN /0 PLC 8ve MRS $ndusoaizuain
nsimunsuveslugafildlignies Taslunsdiasfesseyiudu Order nr 1.033308.00 9
\Ougud mualsld Product: CAN 10 V2 wag Revision: E i wanslugudt 3.5 n1s
AvuaAngumaddauddyed1es iesnudaguenafauantinianaiavie

FOMNUANBLANANNAY A15HIANSUAUIARTITUBISARISTLTINUDS RLTIwaAANURANAIAN
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grafindulunisi@eulusunsy wazaelinsdeuseduszuy CAN BUS (Juldegagndes

= a
uazdiafesnn
UONINT NITAINUAAIT ATINILEITARIT T8 TRIONALIT MRS Developers

Studio @nIaUsEInaNamAarAIUANTleiTuse 9 vadlugalaeg1auiudn Fedaalinis

Mauvesszuudulumuiauingld

* Create new project

Ordern: 1. 033 . 308 . 00 1.033.308.00 CAN 170 mit 5Y Ausgang + Pull ups

Product: | CAN_I0 w2 v

Rewision: | E " |

Project name: CAM_IO_E_

Create in: DACAN-BUSNCAN-ATY

oK Cancel

gﬂ‘ﬁ 3.5 wﬁwmmi&gqﬁﬂu@a PLC CAN I/O

wWeasrslusiandluulugesinas MRS Developers Studio #1614 Graphical
Programming ¢Usng 31 kansdiusing 9 vadlusianaiimaadaldem dsgy 3.6 dldau

anusaeenuUULaziruAlUsuAsUENUUGaNAdng 9 leegraazain
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S Graphical programming @

Opened project: ‘CAN_ID_E_CAN_MODULE_]

Update project Save Project as
EDIT CAN_DB Edit more DBs
Project CAN-B audrate
CAN_BUS_( [125 kBit
Baudrate Oscillator | Jump_‘width | Prescaler | Time_Segmentl |Time_Segment2
125 kBit 4 MHz 2 2 13 2
| START EAGLE
In FUP available In- and outputs: Start compiling manually:
Names 1/0s Compile
Status display:
CAN-data points are read out from CAN_DP.mdb
Open logwindow b Close Eadle Close

Y

'gﬂ‘ﬁl 3.6 UM Graphical Programming

AsVuanunsamnaatuswnsulamal

'
ca o o A

1) Opened Project: uansdavaslusiandiimdadalderues 19U "CAN 10 E CAN
_MODULE 1"

2) Update Project / Save Project as: ldvivadnnnnsadufinlusiandtagiuluae
T

3) Edit CAN_DB / Edit more DBs: Idmiuunlatoyagiudeya CAN viegiudeya
Sufiiendes

4) Project CAN-Baud rate: fmuadnsianudalunisdoansves CAN BUS (Baud
rate) 3slughegefia 125 Kbit

5) Baud rate / Oscillator / Jump Width / Pre Scaler / Time Segmentl / Time
Segment2: Wumnslwmesildlunsaamanusinasnisaedisves CAN BUS

6) Start Eagle: Iiileumsvhauvedlsiandiadnetu

7) Names 1/0: Favasduns/tordwadildanilulusunsy

8) Compile: lfifiemaulndlusunsudeuiivevinissulnan

9) Status Display: wansanuzlagiuvesdeyaiigneruaing uteya
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3.3.2  N13A9A1 CAN-ID wazduusdmiunisiudedaya

nsimulUsunsuAIuALlLga CAN /O PLC S1dudassndunisaeninis

o ]

Sudadeyalumin Edit CAN_DB Fudumidnsdmsunisimuadeyafideinissuniadeiiu

55UU CAN BUS lag{ldaudosasadausildlunisdmiudoya ieliszuvaiuise

(%
[ v 1

Uszananawazdaiudayanisdeasliegisgndesuasudugl ndsminmsmaadayauazdn

v ao

wUsiseusosuan vanusasniiunisdeulusunsunazaaanilandundndudmiunisaiun

JPUUVANID ATV

vV

Tudruvaanisaaan CAN-ID LL@%(;]J?LLUiﬁ’]‘M’%IUﬂ’]i%ﬂﬁﬂ@yjﬁiuﬁ@ﬁ CAN 9 1

Fesuaranadndiieseg1uied aggnuuseendunuinvyvesaindvisvun 2 nqu laengy

WsNATDIN SWG1 Fagnimuatiasiiusuni CAN-ID: 0X101 Taednisiuunausilunis
detayadl 100 ms lusauus SWG1 %58 CAN-ID: 0X101 aziuteyaiiludiuvesaing

o

muaudyaalnneludise wu dladlides vt wes Judu Jeyamailaggnavedlu

o

(% '

CAN-ID 1 iienenidunguuestoyafitieadesiunsaiuaulisng o aeluse wazlungui 2
fid971 SWG2 Fegnrimundefiudsunu CAN-ID: 0X102 axifivdeyaiiidudiuvesaing
AIUANNITYINNIUTDILBLABSTULAG DY WU alnTan1sn alndidoniyun wagaIntiauni -
U & Y & A e v & Y I A vy g v ] v 1w
segndndusiu Jealntdudaginazgnimiudsdesialiinuteyaudazdisniusenty ns

Aar1 CAN-ID wagguiuunisiudsteyanisdeansuandluluga CAN 91 1 uanssiaguin 3.7
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| B3 CAN_DB-Edit - O X
| CAN_Telegram f Define CAN_BLOCK
|
| Name CAN ID [hex] Extended Send period max [ms] | Send period min [ms] | DLC |Send |CAN ID mask [hex]
| [ [swG1 0x101 1 100 100 8 1 0
SWwiE2 0x102 1 100 100 £l 1 0
z |
CAN Dﬂtﬂ Points i Deﬁne CAN Dp Move your mouse over the columns to get more information.
- If you proceed an input, you get the available input
possibilities displayed above the head line.
Variable name CAN block name Bit start Bit length | Data format | ‘
b |Leit Swi1 0 B 0
Right Swi1 1 [ [] | 0
Headlight Swi1 2 B ,U
Hom | SWG1 |3 B 0
Engine | SWG2 | 0 [ _U
Startcontrol SwiG2 1 1 I 0
Gearl Swi2 2 1 0
Geard |SwG2 |3 | il u | I
Forward |SwG2 14 | T il 1] ]
Backward Swi2 5 . | | 0
* — —
View
© Standard view () Data point definition for modultest Close Import sym-file Es:‘lj'no-rf[ﬂ:r

U7 3.7 miisne Edit CAN_ DB dwsunisasannnsieansluluga CAN 41 1

Tuduvaanisnaan CAN-ID uagiauusdniunissudstoyalu Tuga CAN 7
2 Tugatiasiinstwualisuamosaindldedlésuain Tuga CAN 1 1 TneTuga CAN 7 2
wUA9IN CAN-ID: 0X101 Guifiufleguesteyaaindliieniidaunainluga CAN 1 1 1ty
vingaNiluga CAN 71 2 azdesannsnfudeyaainluga CAN A1 1 Gsdinsinmundl CAN-
D 1Hu 0X101 dielvaursaiudeyaiigndsnnlugaiiuld venaini luga CAN 7 2 dafinns
@379 CAN-ID Tnl %umﬁm%’umi%‘lamiﬁuiu@a CAN 81 9 luszuu tnedl CAN-ID: 0X103 3

199091 ACC dwmfudstayainediun1smuaudigs wag CAN-ID: 0X105 luie Brake tiveld

¥

lun1sdaayamfeidesiudymyiauusn Tuga CAN 71 2 Imifisudeyaainluga CAN

1 uazdsdayaludiluga CAN Bu 9 lagsu CAN-ID Widald Tunsdlves fudsges Accin @9
Y oy v T A A Y & & s R
DumudsildiaudeyainedfiuAuss Avesdusaiuity dygraeuden Faildnvazidud

1%
= 0

fawing WildwalaunseUnnilouaind ﬁw‘lﬁé’aﬂ%ﬁuﬁiumaLﬁu%yjammu fwUs Accin
ﬁqgﬂﬁmum‘lﬁmmimﬁu%yjaﬁmﬂﬁa 10 siuvis Wiesessunsdstayaniivateailumi

wUsiien Wiaiisuiuteyannaindniuranuzilanieln deldnunlunmsiiutoyaiiieud
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1 funis N3RsAT CAN-ID wazguiuunssudsdayanie q lunisdeansvesiuga CAN 91 2

ugnuanslugun 3.8

| B3 CAN_DB-Edit _ o %
| CAN_Telegram / Define CAN_BLOCK
|
: Name CAN ID [hex] Extended Send period max [ms] | Send period min [ms] DLC |Send |EAN 1D mask [hex]
| Swial 0x101 1 0 0 8 0 0
4CC 0x103 1 100 100 8 1 0
b |Brake 0x105 1 100 100 8 1 0
*
CAN Data Points / Define CAN_DP Move your mouse over the columns to get more information.
- If you proceed an input, you get the available input
possibilities displayed above the head line.
Variable name \CAN block name IBit start l Bit length | Data format |
b |Left SWG1 0 . n | | 0
Right SWiE1 |1 | | |1 | | _IJ
Accin ACC 0 I 10 B 0
Hom SwiG1 [ER 1 Lm0
| Break1 Break |0 1 0
* - p——

Wiew

© Standard view () Data point definition for modultest Close Import sym-file Es:Eno-'fEng'

SU#l 3.8 wthwing Edit CAN_ DB dmifunisaasnsaeansiuluga CAN 1 2

Tudaurasnania CAN-ID wazsuvsduiumssudstonalu Tuga CAN 7 3 Tugadl
sglifimsfuAanaintnieiduees wiagimiaiilunisdadeyasenaindlugaiiiely
MUANMTUTeINassAIANNBLADS Tuga CAN 71 3 aw¥ims3uddsnn Tuga CAN 71 1
uaz Tuga CAN 11 2 siflevihmsUszanananeuiiazdsdeyaludsnassaunuuaines lngnns
yhanludnwasivhliluga CAN 7 3 andufinandunmstszaudoyannlugadl 1 uay 2
dlemuauNTauTesmomes n13RaA1 CAN-D wagdudsdmiunisiudsdoyalu Tuga
CAN 1 3 azfinnsfuteyaanlugadu q wirdu Ingasud CAN-ID: 0X101 uay CAN-ID:
0x102 nluga CAN 71 1 Fadurrvesaindmunuanslusasn wu adndliide) livih ve
W LLazf\]zLﬁuﬁﬁ@u‘]amﬁ’]ﬁlﬁuﬁjuﬂiﬁhﬁ 9 mﬂﬁ?uimga CAN 1 3 §saz5uA1 CAN-ID: 0X103
wag CAN-ID: 0X105 9nluga CAN 7i 2 Fadurduswazdyaasusn LLazLﬁu%’ayjaméwﬁ

1%

Lilusudsiwudeniu nsaadn CAN-ID wagsuiuunisiudsdeyalunisdeaisuadiuga CAN
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71 3 azuandlugun 3.9 lnendsinnismaasing 4 @seduuds deyanigniiulilududsinend

aggniluldlunisWeulusunsumvaunsinuresewmesiuduneuialy

| B3 CAN_DB-Edit - (m] X
i CAN_Telegram / Define CAN_BLOCK
: MName CAN ID [hex] Extended Send period max [ms] | Send period min [ms] DLC |Send |Ci-\N 1D mask [hex]
B [SWGT 0x101 1 8 0 0
AaCC 0x103 1 0 0 8 0 0
acc2 0x104 1 100 100 8 1 0
SwiG2 0x102 1 0 0 8 0 0
Break 0x105 1 0 0 8 0 0
*
| CAN Data Points } Define CAN DP Move your mouse over the columns to get more information.
- If you proceed an input, you get the available input
possibilities displayed above the head line.
Variable name CAN block name Bit start Bit length | Data format |
B [Left SwiE1 0 1 0
Right SwiG1 1 1 0
Engine SWGE2 0 1 0
Accin ACC 0 10 0
Startcontrol SwiE2 1 1 0
Forward SwiG2 4 1 0
| Backward SwiG2 5 1 |0
Accout acc? 0 8 0
Gearl SwG2 2 1 ]
Gear3 SwiG2 3 1 0
testsw acc 8 1 0
Break1 Break 0 1 0
*
Wiew
© Standard view () Data point definition for modulkest Close Import syrn-file Es:Eno-'fEIz:'

sU# 3.9 wiheing Edit CAN_DB dsisunisaarinisieansiuluga CAN 1 3

3.33  MsWeulusunsuaauau CAN I/O PLC

Mnfedelusud 3.10 madeulsunsumunuluga CAN /O PLC 13
Usgananasiulusunga EAGLE 7.30 Light daduindesileiitaelianunsnideuseuazaiuny
msvheuresgunsaling 9 lussuu CAN BUS Téoghaiiszannm Tusunsudanelsiglda
s vLALaYeeNLUUNIE UMY LesszuU ety Taeldiimsanuasdnises
w3 sflenefladtumudidunisieuifesnts madeulusunsuazisuduannisden
flefidusing 9 A ududmiunmsuszananadds wWu nmsfudsdoyanniduiwes n1sdsnns
gunsal niensussuianadyaaintugasie 9 lussuu CAN laggldauaiuisnins
wdosdiolugduiimnzaudielinmsieuvesssuuiulunuidesnis ferdumaniagdae

Tinseuaugunsaling 9 Wululdegsgndes
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L Il I E I L I i) I E I ;
@A A X
(=
N B o0 x
L 253
1w Name Description
“  [CANgraph MRS CANgraph librar...
kR ALGIN input An anal
(14 AND 2
e AND_4
AND.6
47T AVERAGE 2
0~ Bus 181
nda BUS_168IT H
EE BYTE_SPLITTER
4o CALC CYCLE TIME
- CAN_CHECK_ERROR
# CAN_FRAME Frame for CANGIagh ..
o0 CAN_MSG_RCY Activity status CAN-b
&4 CASE_MACHINE State machine With t.

CHANGE_DETECT
COMPARATOR

Change detectionsy...
m
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COMPARATOR_HYSTER.. Cor
COMPARATOR_WINDO... Wi
CONVERTER_AD
CONVERTER DA
COUNTER

unter
B @smis B Oescription B Frevien

Search BB
Aitriutes BB

’ C HN graph .

‘ I 1 B T E T T

U7 3.10 ntieinglsunsa EAGLE 7.30 Light

3.3.4  TUuNTUAIUANNITINNIUVRITAATV

TsunsumIvANmMIvinauvessn ATV lugad 1 lagnaalusunsulsudyaiu

o

NEIntAIUANEIT 9 Aeludise Wy @adnayus aindanisn @ntues adndiaunin-nay
a4 hazadIngluuan1svineu nduazinisussananaludiuvesdyaalvideinauiagas

Tayaludilugai 2 wazlugan 3 Wauszuu CAN BUS lagilunai 2 uazlugail 3 aw3e3y

Toyaranaruiailudsnsiliuazgunsaling 9 viauaenndeswmnadeyailasuanlugad
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Send
Send
CAN ID period CAN ID
Name Extended | period DLC | Send
[hex] min mask
max [ms]
[ms]
SWG1 0x101 1 100 100 8 1 0
SWG2 0x102 1 100 100 8 1 0
CAN Data Points/Define CAN_DP
Variable CAN block Data
Bit start | Bit length

name name format
Left SWG1 0 1 0
Right SWG1 1 1 0
Headlight SWG1 2 1 0
Horn SWG1 B 1 0
Engine SWG2 0 1 0
Start

SWG2 1 1 0
control
Gearl SWG2 2 1 0
Gear3 SWG2 3 1 0
Forward SWG2 4 1 0
Backward SWG2 5 1 0

naed CAN I/0 91 2 vihwuihnsudyaulideiuazuaninadygyinainnass CAN 1/0

7 1 uonand nasy CAN I/0 71 2 Sedsdygraurussliuaninaninass CAN /O 91 3 way

CAN /O n@aad 2 gaflszuutusnuszanananiglumi nanisieuluswnsudnsunass CAN
BUS 91 2 uandlugui 4.2
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71571971 4.2 CAN Database ndesaiuauil 2

Send Send
CAN ID
Name CAN ID [hex] | Extended period period DLC | Send ‘
mas
max [ms] | min [ms]
SWG1 0x101 1 0 0 8 1 0
ACC 0x102 1 100 100 8 1 0
Break 0x105 1 100 100 8 1 0
CAN Data Points/Define CAN_DP
Variable CAN block Data
Bit start | Bit length
name name format
Left SWG1 0 1 0
Right SWG1 1 1 0
Accin ACC 0 10 0
Horn SWG1 3 1 0
Breakl Break 0 1 0
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Send Send
CAN ID CAN ID
Name Extended period period | DLC | Send
[hex] mask
max [ms] | min [ms]
SWG1 0x101 1 0 0 8 1 0
ACC 0x103 1 0 0 8 1 0
acc2 0x104 1 100 100 8 1 0
SWG2 0x102 1 0 0 8 1 0
Break 0x105 1 0 0 8 1 0
CAN Data Points/Define CAN_DP
Variable CAN block Data
Bit start Bit length
name name format
Left SWG1 0 1 0
Right SWG1 1 1 0
Engine SWG2 0 1 0
Accin ACC 0 10 0
Startcontrol SWG2 1 1 0
Forward SWG2 4 1 0
Backward SWG2 5 1 0
Account acc2 0 8 0
Gearl SWG2 2 1 0
Gear3 SWG2 3 1 0
testsw acc2 8 1 0
Breakl Break 0 1 0
43  maYeudaszuu CAN BUS 52rIN9lUAAANN ¢ §1MTUNITUEAINE

naansannTITeiilunismegeusarimunszuy CAN BUS fildaruaunisvinnu

Y8350 ATV Felinsieusiouasdoarssenineluga CAN I/O PLC uayouansua ATD3.5-S3

TpeNan1sNAgaULUIantdy 3 d@undn fadl

4.3.1

AsuaAINavas CAN I/O naasfl 1 uaznindoudanina

1) anzlanyueeyluaniug OFF ninveuanimavzliiinisuansaniug

farsantaanngun 4.4
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U7 4.4 anmeUnnaywaegluanug OFF

2) an1avilanguaegluaniug ON widludnisnadu Engine start

=~ a v N
VDLANINAVITUNITLLAAIAD1US Wﬁ]’limﬂm’mgﬂw 4.5

JUN 4.5 anzilanauvegluaniug ON widilifinnsnady Engine start
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3) anzianauaegluaniug ON dn13nadyl Engine start Y8uaAsNaazdl

MsuansanIUE W15UNlAaINgual 4.6

| @717z ON nayte fﬂiﬂﬂi!ij Engine start
@‘E“N"py

JUN 4.6 annzilanayuasgluaniug ON dn15nady Engine start

4) annUalWntnsn LazuuAoTHN 84 V 20LAnINAYLIINISHANIANIUY
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JUN 4.7 anazlaliiniise
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fiu 84 V vauanNadziinsuansaniue finnsanlianngui 4.8

v o S
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WAY 84 VapuanwHavziinsuansanIug Ra1sanlaenngun 4.9

P 9 7
dlalylideawan nihsa-ndssn

JUT 4.9 anmzdalidedvn (mhsauagrdasa ieumdeuiv)

7) anmzlalignidu Mihsouazwasse vhaundeuiu) waziunmesiay

84 VasuanINavziinsiansanuy W1sanldaingun 4.10
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JU 4.10 anmzlalngniadu mihsouagvdssn viaundauriu)

8) A4N1ENALNYSLAUNT (Forward: D) LAYLUALADILAN 84 V F8ULARINATY

fnmsuansaniug W1sanlaanngui 4.11

JUN 4.11 anznaigsiaunt (Forward: D)

9) anmznafusneends (Backward: R) LazLuALAasLAL 84 V 29LAAINE

winsuanEnIUE NNsanlaengui 4.12
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‘ AT 008Mda (Backward: R)
-

JUN 4.12 an1ienaigsaaevas (Backward: R)

10) an1znaiiesinslulnun Eco Ingan1izAusalniiegl 0-8% way

P a a P ~

LUALADTHAL 84 V JBKAAINATEINITWARNIADIUY HTNLAINTUT
a.13

anmazmwse ivh

(l?lfli' 1 Duty cycledi 0-8%A1L39)

JUN 4.13 anmznafigsinsluluum Eco lagan1izAusalniineg 0-8%
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11) annznafigsinslulyun Normal TnganizAuiselniinegi 0-20% uay

LUALADSLAN 84 V 20LanINALIINISLARIEnIUE fiansanlaaingui 4.14

annzawse ivh

(Fef 2 Duty cycledl 0-20%A1153)

JUN 4.14 an1znaifigsinsdulumm Normal lnganizdusaliiiedi 0-20%

12) anmznafesindulvun Sport Tnsaniduislufineg# 0-100% way

LUALADTLAY 84 V 90LAAINALINISLANIENIUE fiansanlanngun 4.15

Az lvlvh

(L?]U; 3 Duty cycle?ﬂl (}lOO%ﬁ'HL'éwi)

Ul 4.15 annznaiesindulumn Sport Tasan1zAussliiiedil 0-100%
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SUN 4.16 dnzmdeuiusnlih
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Iu@aﬁ 3) WU MsdsduTERIslinavinaulan Imaiu@aﬁ 1 JevimthAsudaaann
aINTAIUANANG 9 LU FINTNNA, @INTAAIN, wazaindlaiden a1unsndslayakIuTEUY
CAN BUS TU8slaigadl 2 uaz 3 deesgnéies uarlugad 2 dsdyanadusauaziusnlum
Tugail 3 Isegsgnipausuienty nansvaaeunandyiifiuinmsdanuvesiulss wen uaz
nsmuaulillAs) aunsovieusanduldlaglaifianudrdh Fsusdihszuunsieans CAN
BUS Tusn ATV fiimunduiiauaiosuazannsaldouldfuaslumnununisiauses
50 sruvissdemumnzandmsunmhluldouluanmeadeniideinisnisdedssening

gunsaivay 9 mnnglugiueud
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5Ul 4.19 Tuga CAN I/O PLC 7 3 wagvaonlwideadumds
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A11130U5UNIVNIUVIUBLA DS LA AR T Lﬁmmﬂé’mmmﬁﬁqaaﬂmmﬂiufg]a CAN I/0
PLC 1Hudnyayias Pulse Width Modulation (PWM) @slsiansnsadeatsiundesreulnsaiass
vawmeslnenss feiy Fedudeddresudasdain Low Pass Filter (gﬂﬁ 4.20) iiteudas
dyod PWM TﬁLﬁué’zy,mmamﬁaﬂﬁaﬂmmmuqmﬁamaﬂmaLaai‘maLmaﬂéf NN
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AUTOMOTIVE
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Normal uae Sport wulnauaudavessaslvundauLanssivegetnau Inglulwun Eco
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Eco(W)

Power
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4.5  NTIATIZRLAZIAUIIWNANITATUIIUIIY
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| B3 CAN_DB-Edit

- m] X
CAN_Telegram / Define CAN_BLOCK
Name CAN D [hex] Extended Send period max [ms] | Send period min [ms]  |DLC Send |CAN ID mask [hex]
P [SWE1 0x101 1 100 100 8 1 0
SWG2 0x102 1 100 100 8 1 0
*
CAN Data Points / Define CAN_DP Maove your mouse over the columns to get more information.
- If you proceed an input, you get the available input
ibilities displayed above the head line.
Variable name CAN block name Bit start Bit length Data format | *
P |Leit SWG1 0 1 0
Right SWG1 1 1 0
Headiight SWG1 2 1 0
Hom SWGE1 3 1 0
Engine SWG2 1] 1 0
Startcontrol SWGE2 1 1 0
Gearl SWGE2 2 1 0
Geard SWG2 3 1 0
Forward SWGE2 4 1 0
Backward SWG2 5 1 0
*
v
View
O Standard view () Data point definition for modultest Close Import sym-ie Esrr\:r'li:!
' '
U 6.7 CAN_DB nas CANBUS 7 1
U -
| B3 CAN_DB-Edit - [u} X
CAN_Telegram / Define CAN_BLOCK
Name CAN D [hex] Extended Send period max [ms] | Send period min [ms] | DLC Send |CAN ID mask [hex]
b [SWE1 0101 1 0 a a 0 0
ACC 0x103 1 100 100 a 1 0
Break 0x105 1 100 100 a 1 0
Ll I
CAN Data Points # Define CAN_DP Move your mouse over the columns to get more information.
— If you proceed an input, you get the available input
possibilities displayed above the head line.
Variable name lEAN block name Bit start Bit length Data format | ©
b |Leit SWG1T 0 1 0 |
Right SWG1 1 1 0
Accin ACC 0 10 0
Hom SWGT 3 1 0 |
Break1 Break 0 1 0 |
*
v
View
© Standard view () Data point definition for modultest Close Impott sym-file Es);::rlti:’

3

U7 6.8 CAN_DB naed CANBUS 7 2
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| B3 CAN_DB-Edit

- m] X
CAN_Telegram / Define CAN_BLOCK
Name CAN D [hex] Extended Send period max [ms] | Send period min [ms]  |DLC Send |CAN ID mask [hex]
P [SWE1 0x101 1 0 0 8 0 0
ACC 0x103 1 0 0 8 0 0
acc2 0x104 1 100 100 8 1 0
SWG2 0x102 1 0 0 8 0 0
Break 0x105 1 0 0 8 0 0
*
CAN Data Points / Define CAN_DP Maove your mouse over the columns to get more information.
- If you proceed an input, you get the available input
ibilities displayed above the head line.
Variable name CAN block name Bit start Bit length Data format | *
P |Leit SWG1 0 1 0
Right SWG1 1 1 0
Engine SWG2 1] 1 0
Accin ACC 0 10 0
Startcontrol SWG2 1 1 0
Forvvard SWGE2 4 1 0
Backward SWG2 5 1 ]
Accout acc2 0 8 0
Gearl SWGE2 2 1 0
Gear3 SWGE2 3 1 0
testsw acc2 8 1 0
Break1 Break 0 1 0
*
View
O Standard view () Daata point defiritin for modultest Close Import syme E;mtienr
= ] =
3UN 6.9 CAN_DB nand CANBUS %1 3
oV o
HEAD2
—— 12v 5
HAZ1 (0 (Eg)
T 1
[ o— - 1 22}—
SWR1 I 2 = p——o 0V
13 20—
12V o—8——a 4 19 RU ——"0——
5 18
SWL1 [ s 17 12V KEYC1
" — 7 16 —"0——%
GEAR2 e BACK1
——8 14
o 1 i o——%
GEAR1 . FOR1
i e i
oV o—-4——0 CAN1 o— ¢
ENGI HORN1
12V o——r "¢ o——&—0 12V
KEY1 HEAD1
CAN-H
R1
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Abstract

This paper is a study of working and applying the Internet of thing (IoT) together with Power
Meter, bringing data from Power Meter into the Cloud, such as History Data, Alarm, graphing
or monitoring. Display required data in the form of Web Cloud SCADA. And data can be
viewed through Computer/Laptop or Smartphone that measures and collects energy
consumption data both in real-time and in retrospect. In addition, it can notify system errors
and send notification messages to the application line to help users obtain and analyze data
immediately and maximize efficiency and this paper will use V-BOX to validate power meter
data.

Keywords: Internet of Thing (10T), Power Meter, V-Box Software.

1. INTRODUCTION
Nowadays, in the industrial sector, it is an era where manufacturers and entrepreneurs are
accelerating to transform themselves into a full industry 4.0. Everyone is aware of the benefits
of incorporating technology into their operations to increase work efficiency even further.
Digital technology and the Internet are important factors in the development of industries in the
age of Industry 4.0, especially the Internet of Things (IoT) [1], which plays an important role in
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helping collect data to analyze, improve and increase the efficiency of industrial processes [2].
And can facilitate the worker.

The Internet of Things is an important part that will enable the industry to move towards
Industry 4.0, which facilitates operators. What makes Industry 4.0 better than any other era [3].
That is, there is a development in data recording, data allocation, and various resources that
connect the industry. Industry 4.0 makes every job easier, more detailed and can make changes
to plans efficiently [4].

Thailand's industry today has developed rapidly resulting in the use of energy in various
forms in addition, every year, therefore, it is necessary to manage energy sufficiently and
appropriately [5]. There are many forms of energy management, such as improving the power
factor and managing electricity usage (Demand Controller) and choosing high-efficiency
appliances. (Electrical appliances or devices that work more but consume less electricity), etc.
Peak Demand Configurator which is an important component of the electricity bill in some
factorics, especially factories that operate machinery only during the daytime, may find that 30
- 35 % of the total electricity bill is a part of the calculation of the peak demand, which has a
high electricity price. Therefore, controlling the use of electric power appropriately will help
the factory to reduce the electricity bill to be lower [6]. Or pay the same electricity cost but can
use more electricity.

2. SMART IOT OF THE POWER METER
2.1 T330 Power Meter

Fig. 1: T330-Power Meter

T330 Power Meter sends and receives data in the form of MODBUS Frame, which is
communication and framing based on hexadecimal code, valid MODBUS address ranges from
1-255 address, Function code: 03H for reading data, 06H for Writing data, Data field: Starting
address of register N WORDS reading and N writing, Error check: 16bit CRC, Bit Per Byte:
Access to sub-menus 485>>FrAE to set-up. That is a communication using hexadecimal
numbers set in Table 1. bit and byte transmission from the power meter and Table 2. addresses
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used to send data.

Table 1: BIT AND BYTE TRANSMISSION FROM THE POWER METER

Start Bit Data Bit Parity Stop Frame
1 octal number NONE 2 N-8-2
1 octal number ODD 1 0-8-1
1 octal number EVEN 1 E-8-1
1 octal number NONE 1 N-8-1
Table 2: ADDRESSES USED TO SEND DATA
Adress Hex-number Parameter Type Word Access Unit
4096 1000H I_R F 2 R Amp
L1
4098 1002H V_RN F 2 R Vol
4100 1004H V_RS F 2 R Vol
4102 1006H VA_R E 2 R VA
4104 1008H W_R F 2 R Watt
4106 100AH Var_R F 2 R Var
4108 100CH PF.R E 2 R PF
4138 102AH YA F 2 R Amp
4140 102CH YVO F 2 R Vol
4142 102EH YVL F 2 R Vol
4144 1030H > VA d 2 R VA
4146 1032H >W F 2 R Watt
4148 1034H > Var F 2 R Var
4150 1036H S PE E p! R PF
4152 1038H YHZ F 2 R Hz
*F is Float

2.2 V-BOX Wecon IoT Gateway

V-NET is a data management program for V-BOX. That acts like a SCADA program.
V-BOX can create display graphics, create ALARM tables, generate power buttons to control
connected devices. And most importantly, can control and manage many V-BOX
simultaneously and located on CLOUD SERVER which does not need to install any program.

All done through a web browser, Following in Fig. 2 Private Cloud Solution.
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Registered manager account in V-NET System
Linking V-BOX
Configure V-BOX

Get started with demos

!

configure Monitoring tag, Cloud SCADA development

|

WEB SCADA, remote debugging

Fig. 2: Private Cloud Solution.

3. METHODOLOGY
3.1 Design and Control system
The design of the data transmission control system is shown in Figure 3. The equipment
consists of the T330 Power Meter, Current Transformer, Switching, Sensor and V-BOX
Control.

L1|L2|L3|N P2|P1

Power Meter T330

|K‘L[5K 2L |3K|3L|

i c—

@o— Switching  [24V}

XY-MDO2 Sensor‘

vV Vv

Load

Fig. 3: Power Line Diagram

186




85

V-BOX has S Series, E Series and H Series, and each Series V-BOX supports three usage
modes. V-BOX is the basic hardware of Industrial Internet of Things, it is a data exchange and
protocol conversion device for loT cloud platform to communicate with the system. In addition,
the WECON LCM Series remote 10 modules can communicate directly with the V-BOX
without using a PLC and implement simple logic control and analog acquisition using edge

computing [7]. The V-BOX communication is shown in Figure 4.

Al A+
Power meter T330 E % PotCOM2
0 o
V-Box
I |
XY-MD02 B-| Port COM1
0 ]

Fig. 4: V-BOX Communication

3.2 Load Lamps
Figure 5. shows the lamp working load of the circuit. The analysis will collect electrical
parameters, humidity and temperature. To be adapted as an IoT control system, including

notifying the working status sent back to the application line

Fig. 5: Communicate Diagram.
3.3 V-Box Use and Connection Procedure
V-BOX is a device that receives and sends data from control devices such as PLC,
Remote-1/0, Power Meter, etc. by connecting with standard protocols (Modbus Protocol) such
as RS485, RS422 or Ethernet and sends data to V- NET on the Cloud [8] or through the
Internet, or even send data to Brokers with the MQTT Protocol by using LUA Script, which
can be written into V-BOX immediately, starting from the V-BOX login. As in Figure 6, when
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logging in, the V-NET window will appear for designing the IoT system to be used for control
as in Figure 7.

H7econ

A mems aumber of Curnevt apem Devee oumDer of crice Cevie Nuper of L aseacee Device >

0/0 0 1”22 22 pradetie/ T

Aanouscement
VAET $y5iem Uprace ma verson (eased ]
From user (Frame2543] Snarng request
VAET Sywem Uppace V3 5 verson reedsed
Curest Aiam °
Source Kame Lover Message Valss  Trigger Teme Sttus Comtemabos

Fig. 7. V-NET Access
3.4 Code to notify information via the Application line

This paper shows the code used to write part of the paper. That will show the lamp status
check and Alarm notification.

- Check the lamp status and notify Alarm

local LineToken = "IXJc3fwGjcFuZalLRAPP2nccPOISzcRpLNSAZDIM I Er"
local https = require("https")
local 1tn12 = require("ltn12")
function getHttpsUrl(url,header,reqbody)
local  headers, status = https.request{
method = "POST",
url = url,
source = Itn12.source.string(regbody),

headers = header }
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end

function getMessageUrl(lineM )
local url = "https://notify-api.line.me/api/motify"
local reqMess = "message="..lineMessage
local headers = {["Authorization"] = "Bearer "..LineToken,
["Content-Type"] = "application/x-www-form-urlencoded",
["Content-Length"] = #reqMess }
getHttpsUrl(url, headers, reqMess)

end

function Line_Notify.main()
local bitValue = addr_getfloat("@Current")
local message ="'
local C=bitValue*1000
C=math.ceil(C)
C=C/1000
if bitValue > 0.3 and bitValue<0.6 then
message = ' V-Box Current, Load on 1 Lamp Value="..C
getMessageUrl(message)
elseif bitValue > 0.7 and bitValue< 1 then
message ="' V-Box Current, Load on 2 Lamp Value="..C
getMessageUrl(message)
elseif bitValue > 1.1 and bitValue<l1.5 then
message = ' V-Box Current, Load on 3 Lamp Value="..C
getMessageUrl(message)
elseif bitValue > 1.5 and bitValue<1.9 then
message = ' V-Box Current, Load on 4 Lamp Value="..C
getMessageUrl(message)
elseif bitValue > 1.9 and bitValue<2.3 then
message ="' V-Box Current, Load on 5 Lamp Value="..C
getMessageUrl(message)
elseif bitValue > 2.3 then
message = ' V-Box Current, Load on 6 Lamp Value='.C..\n!!! V-Box Alarm, Over Current
Value !!!"
getMessageUrl(message)
end

end
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- Parameter notifications sent to line applications

local LineToken = "IXJe3fwGjcFuZalLRdPP2nccP0I5zcRpLNSAZDIM I Er"
local https = require("https")
local Itn12 = require("ltn12")
function getHttpsUrl(url,header,reqbody)
local headers, status = https.request {
method = "POST",
url = url,
source = ltn12.source.string(reqbody),
headers = header }
end
function getMessageUrl(lineMessage)
local url = "https://notify-api.line.me/api/notify"
local reqMess = "message="..lineMessage
local headers = {["Authorization"] = "Bearer "..LineToken,
["Content-Type"] = "application/x-www-form-urlencoded",
["Content-Length"] = #reqMess }
getHttpsUrl(url, headers, reqMess)
end
function Value_Voltage.main()
local Current = addr_getfloat("@Current")
local Voltage = addr_getfloat("@Voltage")
local ActiveP = addr_getfloat("@Active Power")
local AppearanceP = addr_getfloat("@Appearance Power")
local PF = addr_getfloat("@PowerFactor")
local Freq = addr_getfloat("@Frequancy™")
local Watthour = addr_getfloat("@WH")
local Temp = addr_getfloat("@Temperature 1")
local Humu = addr_getfloat("@Humidity 1")
local T=Temp*1000
T=math.ceil(T)/1000
local H=Humu*1000
H=math.ceil(H)/1000
local C=Current*1000
C=math.ceil(C)/1000
local V=Voltage*1000
V=math.ceil(V)/1000
local pf=PF*1000
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pf=math.ceil(pf)/1000

pf=math.abs(pf)

local f=Freq*1000

f=math.ceil(f)/1000

local WH=Watthour/1000

local P=math.ceil(ActiveP)

P=P/1000

S=math.ceil(AppearanceP)

S=S/1000

local message ="

message ='V-Box ,Load Current Value = "..C.."' A\nVoltage Value = "..V..' VinActive Power Value = ".P.."
kW\nAppearance Power Value = '.S.' kVA \nPower Factor Value = '.pf."nFrequancy Value = '.f.'
Hz\nWatt-hour Value ='.WH..' kWhr\nTemperature Value ='.T..' C\nHumidity Value (Persent RH) ="..H

getMessageUrl(message)
end

4. RESULT
Figure 8. shows real-time data display in the Cloud SCADA system, users can view

through the V-NET program or on the browser and mobile application. That is a remote data
display online.

Fig. 8. Real-time Power Meter Data Visualization on Cloud SCADA.

Alarm display on the Cloud SCADA web page, there will be an alarm notification sound
asset following in Figure 9. Users can view the alarm through the browser website or V-NET
program and mobile application. It is a remote display on the system. Online, To set, Alarm, 5
alarm parameters are set: Voltage Alarm £10%, Current Alarm > 2.3 A (6 Lamps),
Temperature Alarm > 70 C, Humidity Alarm > 45%RH
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a A Lt (7} & o -
Reattme Daa Aam Historical Data SCADA L Sarpt Pass.tvough Contguaten &
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Fig. 9. Real-time data alarm results in Cloud SCADA.
Real-time data display on V-NET program that users can view real-time data through
V-NET program and edit data. It is a way to display remote information and modify the system
remotely online. Following in Figure 10-11.

(o] A Lt ® &b o o
Real-ume Data Aarm Histercal Cata Clova SCADA Lua Scrpt Pass-trough Configuraton &
Oetaukt group oMt POWER_T330 ‘hmpﬂNN O Group Se. Q Setung

oy -

SelectAll  Sttus  Name~ vsu- m | ReadAgaress Edrt |
g ° Appearance Power 8504 VA COMZ | 144102 @eat @) Copy b Mowe B Dekcte
a ° (] 5130, Wh COM2 1344160 ZEar @) Copy b Move B Deiete
a ® | Froquancy 1906 Mz COMZ | 1:44152 @eat @) Copy b Moe B Desete
(=} ° PowerFactor : B coM2  1:441%0 Zedt @) Copy b Move B Delete
a ® | Aciwe Power coM2 | 1:44104 @ran @) Copy b Move B Detete
a ° Vozage >cct.u 1:44098 ZEan @) Copy b Move B Deiete
o ®  Cument coM2 | 1;440% ZEar @) Copy b Move B Descte

« 1 »| No't Page Perpage 10 v ICount 7 jtems.

Fig. 10. Real-time data display of Power Meter
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Cetault grovp oM POWER_T330 ; TempIndH... OGroupSe.. Q Setung
) [ P e
‘Mc(n Sbtus  Nome~ Port Re3d Address Ear
(a] Y Mumizy a2 %RH COM1 2:32 @eee Q) Copy + Move © Deiete

(=) ° Temperatuse 25 C comy  2:31 Z kot @ Copy b Move O Ouere
« 1 s Not Nw?up;cio v KCount 2Rems

Fig. 11. Real-time data display of Sensor XY-MD02 (Temp&Hum).

Historical Data collection results show the measurement results of the Power Meter and
Sensor [9] XY-MDO02 of all 6 lamp loads. It can display remote data and modify the system
remotely online as Figure 12, can be used to analyze the operation and various problems in the
system to fix and improve in the future.
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Smart Factory: V-Box ,Load Current Value = 0.392 A
Voltage Value = 226.124 V

Active Power Value = 0.081 kW

Appearance Power Value = 0.089 kVA

Power Factor Value = 0.909
Frequancy Value = 49.966 Hz
Watt-hour Value = 1.102 kWhr
Temperature Value =353 C
Humidity Value (Persent RH) = 30.6

Fig. 12. Notify daily parameters via the application line.

5. CONCLUSION

Internet of Things (IoT) technology is an intermediary measuring device. In this paper are
Power meters and temperature and humidity sensors. Send data to the Internet on the cloud
(Cloud), which connects via Port RS485 and Internet signal (Wifi), can view values online via
Web Cloud SCADA, which records data backward and real-time, can alert the error of system
according to predetermined conditions. In addition, notifications can be sent to the application
line by taking data from those saved values for analysis. Management of controlling or
improving the use of electricity with maximum efficiency.
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