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CHANON YANPREECHASET : DEVELOPMENT OF A BATTERY MANAGEMENT
DISPLAY SYSTEM VIA CANOPEN COMMUNICATION
THESIS ADVISOR : ASSOC. PROF. UTHEN LEETON, Ph.D., 117 PP.

Keyword : Battery Management System/Display Screen/Electric Vehicle/CANopen
/Human-Machine Interface/Battery/Controller Area Network

This thesis research presents the design and development of an interface
system for connecting an electric vehicle's Battery Management System (BMS) to the
ATD3.5-S3 display via the CANopen protocol. This work aims to address the limitations
of commercial BMS units with native Controller Area Network (CAN) support, which
typically involve high costs, as well as usability and compatibility constraints with
Human-Machine Interface (HMI) displays in budget-limited applications. This research
began with studying and analyzing the BMS's performance in transmitting data via its
Universal Asynchronous Receiver-Transmitter (UART) port and converting this data into
CANopen frames for use with the ATD3.5-S3 display. Subsequently, an electronic circuit
was designed using an ESP32 microcontroller as the central processing unit, paired with
a TJA1051 transceiver, to manage data transmission over the CANopen protocol. This
enables the real-time display of key battery parameters, namely voltage, current,
temperature, and State of Charge (SOC). Performance verification was conducted by
testing the system under various load conditions, including fast charging, high-current
discharging, and idle states, comparing the prototype's data with standard values from
PCAN-View and the JK BMS application. The test results confirmed that the data
transmission process is accurate and stable. Crucially, the observed difference in values
on the prototype display was proven not to be an error but a direct result of the
intended "Display Resolution," whereby the researcher designed the system to display
integers for clarity, as explained in the data structure design. Furthermore, a
quantitative cost analysis found that the prototype system achieves a 35.11% cost
reduction compared to commercial systems. A sensitivity analysis also confirmed its
cost-effectiveness, even with component price fluctuations. The overall results confirm

that the methods and knowledge developed in this thesis are reliable in data



transmission, are cost-effective, and are suitable for practical application in low-cost
electric vehicle systems, with the potential for future development to add functions
or support other devices. The results confirm that the developed system provides a
reliable data transmission process, is demonstrably cost-effective, and is highly suitable

for practical application in low-cost electric vehicle systems.
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1.8 nsdngUiausIeauITeInetinug

ASeAIvednusUssneuse 5 un Tngluudasunlsiiaueeazsondeluid

unit 1 unth nandsenuduinuazaiudfyestym TnaUseasd Jonnas
Jowiu veuwanside auufgnunsise Yauresuiteinerinus Usslevifianin
wlasu uagnsdnguiauseanddeInendnug

unil 2 USvimhssaunssuuasanddeiiiieides tianenisdrsiausimiissanssu
waz1uITedA padeatusruuSanIsuunaes n15deanskauta CAN wazluslnaea
CANopen msviuvedlulasaaulnsaasas ESP32 wasluga TJAL051 saufisuifouas
wieluladfifedesiunisnsaiauaziansamiine fusauummesuuuiFaln wieuagy
ssdmiiilean i dunuamalunsinise

unil 3 38nseniunisise duauedunaunIIeDNRUURASTRLISE U FauAnTs
pONLUVNITLUasdyad UART WU CAN nistdenmsnilimesiazniseaniuulaseasng
Yoy msa¥ieduluy PCB Mafmunszuuseniuag msviaaeunsdeans wagisnsuuas
Toyanlusunsd PCAN-View 590E498n15LAUTIUT0T0Ya

Uil 4 Han1SENY LaENITIATIEANG TIELENANITIAREUNNTINNIUYEIITTUY 19
lugnzwindoudnasiuaran1iznsliauase lnguseiliuanugnees anuades uwas
muanusalunskanauuEealngd ndeuraUssufisurmsiiwmesansyuuiumitld
NUUNAATU JK BMS waglusinsu PCAN-View

unil 5 asunauazdolaualuy aTUNANIT0ONLUULASTAILNTZUUIINAITVIAGEITIS
wioudalauauzdmIuNTUTUUTIMa i luawIAn

manuanluAseinendnusatuiusyneudaeomn 3 dau laun araruan n
LARITNEAZLTIANNSEENLUUISHRETUSUNSL EasyEDA ANARUIN ¥ udnIsIeasidantunoy
N138NLUUNTI90A281USILATY SquareLine Studio LAZAIAKRLIN A LAAIIIINITUNAIIL
Ma3vInsnlesunsafuibasmewnslusziansAn
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USnAdassaunssunazIulIdening21994

2.1 unih

Ao inusatuiuiunseenuutias i ssuudeassswinssuudanis
wuAwe3 wazgUnsaluanina Tngedunisdeansriuluslnaea CANopen uazluga TIA1051
iWieuszgnadliunumneiaosilessunia NMC vuin 3.7 Tad 25 wouuus-dalue S1uau
20 wad Feansnsansraaeuusasiuliin nszudlylin oamgll uaranuzasmsauUaae3 ¢
wuuiealng adifelfnsdfuanudsedifiugiumainnisiseudiu Feld@nuiusiam
I5sanssuaraddefinettedulsafudde Wiud weluladnisdeansdae CAN way
CANopen gunsniifeudonazeavdiatuayunisdeals (PCAN-USB uag PCAN-View)
weluladuunine3diBoulooouuazada NMC wmanmsuiiauuaime’ svuudanisuunned
wazwalulad JK BMS maonaunisdeansiiu UART wazn1swlasdaaiasie TIAL051
TidegunIaliladny ESP32 uagluga ATD3.5-S3 naendua9swUacussiu Buck Converter
Tngmanumudaziiauamuiduihde wieutagosdanuiiifedouieduuumidy
nseenuuukazTaszuuiiauslunuATe e dwusd

2.2 CAN (Controller Area Network)

\ussuunisdeansuuuddvaiililunisdoudeuazaiuaugunsainng q lussuueu
guiuavgnavnssy Inglidndudedidmununals Samnganuitgunsairg 4 lussuy
anunsadeanstuldediedasy uenaini CAN Ssdinnsdansdeyaiifiaruuadosunsaonde
ylumadenifluszuuiifesnsnuusiugngs wu enuoud ssuusnlusiAlulssny uag
gunIain1eNISLINeg

2.2.1 UsziRuazn1swaun

CAN gnifmundulud 1983 uasdadaadauslusanaludl 1986 Tasuddm

Bosch dslurmztuuianudoimanisdeasiiiiuszavsimuanidodeldluszuveueusd
foyafidsiluslnnea CAN anudfayosnsBedmiunsmuaNszuUsiieg WU sEUUlUTn
ABS (Anti-lock Braking System) Wagszuumuauiaieseus CAN gmiluldlugnamnssu
susudduvdnneuiiozsvegluganamnssudun Wy sTUUAIUANMITHERALATTEUUNNS
nswnng



2.2.2 #@aUnsnssu

anilnenssuuesszuy CAN gnesnuuusLilesesiunnseansuuumasyn
(multi-master) Inglaidndudosddiniunundn (master controller) aarUsgnounanves
aondnenssu CAN Uszneuseduddyraneussmsivhausufuiioadsszuunisioas
fifiusyAvsnm dail

1) aandnenssuwuuda (Bus Architecture)

msdoansves CAN Tlassadrauuuta (bus) Inefigunsal (nodes) nanesn
Lﬁ?fausiaL%"]ﬁuawé’fgzgm@ilﬁmﬁL’%ﬂm"] CAN bus %qﬁmﬁwﬁa’qLLﬁx%’Uﬁi’J’aaﬂaiwd’quﬂiai
ynd usiaz node annsadsuaziudeyaldmudesnis Tnsiinalnnsdndduauddguite
PUANNSARENS

2) lUslerealdstondnu (Message-based Protocol)

CAN 9158 ansuuuidedaning (message-based) wANAI9AINTIUUDY
1 Ethernet Al¥nsfimundieg (address-based) Tnemn node Tuipetnsanusaguvie
Beudeyaadlunsudaniula

3) szuunae9n (Multi-master System)

CAN Wuszuuuuy multi-master damsneauingnsainndfidonse iy
CAN bus favlunsdedeyaldlagliffmuauudn fafu node lnq farunsa3Gunisds
fouald wazmnil node naneshdstogandentu szuvazlinalnnsdadifuanuddaite
\don node Mlazdstoyanau

4) Identifier-based Arbitration

Tunsdlfifinsdstoyandoudu CAN ¥naln arbitration Tnefiansanainen
identifier luisudoya e identifier fiflavfignagldsuadiunnudifgsgn node Au
maiTeuiisuasngamsdsuarseseudaly nalnddndumsfenisiuisuieudaluusas
59U Wil node MifoyadAaninanunsadslsnou

5 lassasiwlsudeya (Data Frame)

wisudayaved CAN Usznaumeadausenaundn Lo
Start of Frame (SOF) AagniEusuvesnsdadoya
dentifier AoAnfiszynuddnyestoya
Control Field ApvayamuANUsE LAz IUINYDITBYA
Data Field Aadeyaaseiids fuwngean 8 lussemisy
CRC (Cyclic Redundancy Check) ldnsiageuaiugnaesastaya
ACK (Acknowledgement) T48iuduinil node ﬁlu%JU%’ngaﬁﬂL%ﬁ]
End of Frame (EOF) Aognaugnvoamsudoya



6) NINTINTULAZIANITUBRANAIN (Error Detection and Handling)

CAN fiAuaunsatun1InsadutazdnnIstaRanaInkunaln 1wy
Bit Monitoring Wnsiaaauindniideenassiudniilssunioly
CRC ldmsraaouanugnioswastoyasianisAuinmdn
Acknowledgement Error winlifin1snausuann node du fo1nsdsduiman
Form Error Winduillalassadamsudoyaliidulunmmnsgu illefidofianain node 7
PI1INUAEA Error Frame (eudafiou uagsvuuazdstoyatlngsnlusf

7) Fumamenn (Physical Layer)

lun1sUuda CAN Tanedyaruddnindss (twisted pair) tawn CAN High
war CAN Low \ietisannissuniusasiiinarmaieslunisdeans lneddesifnainuen
aeduiudiuanuisilunisds W Ananda 1 Mbps ses5UszEEN9gegaUTENN 40 lns

an1lnonssuves CAN Jsanansasesiunisdeansseninagunsainanedale
ogailszAvBamuazautdede nzdmiusruuiidesnsanuifuazamsiunsgs
W 91U SEUUmUALSATLTR LarLgnanTINaY |

223 MSFousaNInIenINYas CAN (Physical Connection of CAN)

1) dygrauuuinveisulies (Differential Signaling)

nsdatayatusruy CAN Mdyaauuy differential Kueane CAN High uae
CAN Low lpediaasanuznan lauwn

Dominant #e3n 0 Aeany CAN High azilusaiuluasnians CAN Low
Tau @18CAN High azliussiuiszana 3.5V waz CAN Low azdussauuszunad 1.5V

Recessive @1a03n 1 Aava CAN High waz CAN Low ilussulndilndifies
U Uszana 2.5V

nslddauuy differential I7AA@NITANUNIUA D QYEYIAUTUNIU

7 g7)

(Noise) 1ad Feeln1sdeansiivsednsanuiogluaninwindeaufi dn1ssuniunis
usiwdnladla (EM) g9 uansdagui 2.1

Recessive (1)
2.5V Dominant (0) Dominant (0) Dominant (0)

e CAN High ====CAN Low

gﬂﬁ 2.1 usssilwiinluany CAN High wag CAN Low 731 csselectronics



2) anusilunisdedeya (Data Rate)
CAN 5995UAMLSA 10 kbps 84 1 Mbps Taedidadninfe Auisigegn

¥
[y

Juagiuszarmanazaunmuesaelfiouss W Au132 1 Mbps aansnsesiusEEEma
geanusyanay 40 Luns mﬂszaw’mm'gﬂ'jflﬁﬁi’ﬂL?;JuéfaaammmL%’JLﬁa%’ﬂmqmmwé’zgzmm
3) @wdadeya (Transmission Cable)

nsiWeusio CAN Tanagdandes (Twisted Pair) iladisandayaiasuniu

D Ag]

[ |

nNA1BUDn Lagvinlinsasde1as CANHigh ey CANLow ffiAn1saonndasiunailing
A599 dsmaliszuudanutateslunsvinenu

4)  fhaunuUaieas (Termination Resistor)

Avaesaesiuvesla CAN axinisfind siafuniu (Termination
Resistor) wu1a 120 Teviu wietosiunisaziioudayaa (Signal Reflection) wazaelinis
Aoansfiiafiosnin uanan13Ansis Termination Resistor wunm 120 Toviu feguil 2.2

CAN Node CAN Node CAN Node

CAN High

| CAN Low

JUN1 2.2 n3Fiada Termination Resistor 9u1A 120 levid 7111 csselectronics

Terminating Resistor
120Q

Termlna_tlng 1200
Resistor

5)  N1SATINIULALANNITAYYIUTUNIUY
Fuman1eam (Physical Layer) ves CAN fanuanunsalunisnsiady
H U IUTUNIULAZIANITUDRANGIR LAgUIANUAITIUNIU wuuwﬁqsﬁagasgﬂmaé’ﬂuﬂa
2.2.4  Usznvae CAN (Types of CAN)
Classical CAN Mdmsumsdsdoyainly sessumsudoyavuingagn 8 lus
CAN FD (Flexible Data Rate) Wun1swmuiain Classical CAN Ing5095U
wisudoyaiifivunalngtu (gean 64 Tud) wavanunsadedeyadoniuidiigedu



2.2.5 nslgauves CAN (Applications of CAN)
1) sy (Automotive) W wmiunisdeanssgninsgunsalnelusagud
W AT spud spUUlUTn Wuwes uagsruuUiueInia feg1atu n158 oansIEning
\nSeseuilaTSEULIUTNTiBNIMmUANTLIuS WAz Uasn Y
2) sxuudnluiAlugnaivngsy (Industrial Automation) Tdlussuumuay
WUBUA aonHER wazinTeadnsdnlula
3) msunng (Medical Applications) llugunsainisnisunmdiidesnis
ALY W 1nTeansIninnsieveiala uazgunsaltaeTindnluli
4) 9PaMNTINNNTTULALEINTA (Aerospace) 1lunnsdpansanslu
wesdunazenuedna elinauiafiswazaraniidofioluniseueuszuy
2.2.6 Wslnasadldsauiu CAN (Protocols with CAN)
CANopen feluslnnoaunnsguiilidmiunismunuiaissinsuazgunsal
Tugaanvnssu ilelvinisdeansseninsgunsaiildagmnuas s ansam
J1939 AoluslnmoaftldluguoudFmnded Wy saussmnuazsalagans
gatiunmsieansszrinadueesuaziemuniluszuusig 9 vessugus
2.2.7 Uofvas CAN (Advantages)
1) UszavsamgslunisdeansioyauvuBealnl
2) AUENYTUALAUNILYINUA D QY IUTUN UGS
3) Fuyulumsinsanas s
4) 5995UN1INTINFULALLN L VaRANA A LA dRLuiR
2.2.8 U831MnYa9 CAN (Disadvantages)
1) Anugaedyaiaana (Ussanu 40 meﬁmmﬁaqqqﬂ 1 Mbps)
2) liwanzandmiuszuuidesnsdidoyavunalnajsolisy
229 &yl
msdsteyaluszuu CAN Wunszuiumsitiafiosnmuasidoield neld
naln identifier Tun1sdndrfuauddey ndousessuunsadusasidldeRanand
UsednSam 97l CAN lasuanudeuegrsunsvatglumainvaleavd wu s1ugud
PRAMNTIUNITNEN NITUNNY LazgaamnIsunIsiukasaINTF
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2.3 CANopen
CANopen LHulusTnroansioastugsiignitannuuiiugiuresiusianea CAN g
fingusrasdiitolilunisdoasseninagunaniluseuudnlud@ wu svuuieTesdnslulsaany
BIUBUA STUUNITUNNG uazgnavnssundasu Wslanoadgnwauilag CIA (CAN in
Automation) il elnssiauwaznsldaugUnsaiild CAN ansodudunisldie
1RSI wazdinudenadofusnnty
2.3.1 AuauUAvas CANopen
filassadnafidanegu (Flexible Structure) sea3un1sdoansvauvuFealng
waEN1IMMUAAINITIIUYBIRUNTal
lUslameaialeaias (Higher Layer Protocol) i‘]’@miLawa%miﬁam51’7@%’5'1
seiumsaes CAN TnefmunsasgiunsuaniUdeudoyaszminsgunsal
g911m5311uTn (Open Standard) gneenuwuulidusinsgiuia dudn
gunsaluaziniamunaninsnhlUllileg liddediaduduans
2.3.2 daulsznaunanyas CANopen
1) Object Dictionary (OD) Iﬂiaa%fwﬁé’fa;ﬂaﬁé’fﬂLﬁumiﬁgﬂmuazwwmﬁma%
n1sviuvesgunsal uiazgunsalazdl Object Dictionary ¥83muL@9 WU W1T1dMBINNS
doansuazn1smuANMITTNY
2) Communication Protocol (IslaAsan1sdeans) Usznausenalnnis
feansiddey leun
PDO (Process Data Object) dwsudstayanszuiunisuuuiiualna wu A
a0z
SDO (Service Data Object) dwsun1sdearsiluleSualnl wu nssu-
Weudayaluda Object Dictionary
NMT (Network Management) dwsumsinnisaniusyetaunsadluiniadig
wu n1sUa/Ungunsal
SYNC lfaalasluddeyasyninagunsaliifesnsnisussanunsiany
EMCY (Emergency Object) ’LﬁﬂumﬁdﬁasﬂagmﬁmﬁaLﬁmﬁaﬁmwmm
3) Node ID naunsailuiaiavag CANopen azfosilvangiarlszdndi
(Node D) iy iieldseyuazdeansiugunsaidulussuy
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2.3.3  MslEauves CANopen
1) e1usud (Automotive) IHlun15AIUANTEUUAN 9 VOITABUA LYY
\ATRIBUA SEUULUTN WagTsuumUANANLIESaTusTA
2) szuuiedeadnsnalulsssnu (Industrial Automation) T¥AauRsYUEUS
QIEVINTTN ANUNTHAR LaglA3esdnsanluliR
3) S¥UUNEINU (Energy Systems) ldaiuaun1svinauveaunalgasivad
STUUAUNAIU uazlassuelih
4) nsunng (Medical Devices) Tlun1smuauuazdoasiugunsainnanis
wImETiFoInIsANILIuENge WU e3eansaaialauazgunsaltaedin
SnluA
2.3.4 dafvas CANopen

1) nsdanisiadeviedidte sesfunmsiiuvieangunsallaglideuiu
TnssadranTetnesiomun
2) sesiumsdeansuvuBealny vilvinsauaugunsaifeuuiuduas
novauadlaTIng,
3) msnmasutazuilideiianain wu nsld EMCY iileudafounazudly
Ygynyium
4) augangulunislaeu gunsausuuauazvengssuulaniuainy
ADINTVRINAALRRANNT T
2.3.5 49371Mnv09 CANopen
1) arududoulunisdean nssuussszuudndudasendsanudan
wWnlaluldslanea
2.3.6 @3l
CANopen Huldslaneadi daaudangugs muizdmsunsidauly
gnamnssufidesnisnsdoansfinniis Uaends wardianuiafiosgs anansoaduayuians
doansuuuEoalnl madamaedeieiivarsgunsal uaznsnsaduteianann vinlsilesu
aufonlunisldauediaunsvans vislugiueus szuudaludinisgnavnisy seuu
NHWY UagaUNIANIINITLNNE
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24 PCAN-USB
PCAN-USB 1Hugunsalfild
USB Tmaviutidusuwdasdyiad (Signal Converter) Wislda1u1sansiaaou As1e

o

o

MU aNABLUSINABA CAN WNAUADUNILABSHIUNDSH

) v a1 Y ¢ & Y ' o
LLa:ﬁ"ﬂﬂﬂ'ﬁ“Ua;JUaV]aQN']u33UU CAN 1@@87@63@'}ﬂ Qﬂﬂimug‘]ﬂiﬁﬁaﬁqﬂLLWiﬂaqﬂIUﬂqiwwuq
A v o s = ca v v = ! o d'
LAZNAFBUITUUNLNYIVDINUYIUYURA i')llﬂﬂq‘uﬂsmwmaﬂlﬁﬁﬂqﬁa@aqswqu CAN LLa@I\TW\TEUV}
2.3

E‘U‘ﬁ 2.3 PCAN-USB #1311 peak-system

2.4.1 N1INIMUAYIVBY D-Sub
PCAN-USB g#asiauwuu D-Sub 9 41 (D-Sub 9-pin connector) lagfinns
MVUAYIRIRTNT 2.1 waggui 2.4

151 |'"" S

I
.

A\ D0 000
I\‘_’_I

Q%Ikl/
&_ooo? ;?\9

[

6. 9

U7 2.4 91983 D-Sub fisn peak-system
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A137 2.1 ANTMNUATITBS D-Sub

Pin nsidesie

1 Not connected / optional +5 V
2 CAN-L

3 GND

6 GND

7 CAN-H

9 Not connected / optional +5 V

2.4.2 AuauiANEnYas PCAN-USB
Msiousieny USB anunsadensieiniunoufiamesuieuduioulsine
seafumMsdanmisuariiaszvideyanigvenliugs
s995UNsA0aINIU CAN @nsnsadeansiugunsailuszuu CAN Tdlagmss
fsnseudoyauarnsdstoyalufgunsaidu
nslfauiinainuans W@ mivanunsIvaeuLazaaeuszuy CAN Tu
BUBUA LAD9INTENAMNTIN WanIWAIUNTEUY BMS
2.4.3 Uselgvivas PCAN-USB
1) nsnmvgeuasiUnteya vilvin1snsvdeunarliaseiveyalussuy
CAN Yhldineuazazmandatusnunaufianes
2) sesuUTENALAS PCAN-View annsalisiufugensdung PCAN-View
Pguansdoyaan CAN bus luguuuuiidhladeuazannsauuussls
3) sesfumsiiauluvaisssuu dauserusudini nsauauaiosing
gnamnssu laufamsiannsyuumuauildnisdearssi CAN
2.4.4 nslUle
MIMAGEULALILATIZTEUU CAN aeidieusiaann PEAK annsaldidouse
\n3ete CAN bus fumsuamesifienageulazlnsiznteyauvuiSealml duenduas
W PCAN-View
nInsIvdeumaztufinteyalussuveusudlii dnldlunisnsiaeudeya
210 BMS w3oszuuduindsuveseusud i eduiinuazAnauaniunisalvinanuues
SPUY
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24.5 @yl
Taevily PEAK-System Technik GmbH aifugfsiaun PCAN-USB le3unns
sousuInduvilslugndngunsaluazansdeans CAN Aiflganngauazsesiunislionliosis
NVl T TN LAY gRANTINEY

2.5 TUsunsu PCAN-View

TUsunsy PCAN-View \{ugonduisiiiaunlagusevm PEAK System wiialddnsu
nvdpuLariiaTIidoyalussuu CAN bus tnslanie senswisingneanuuulihay
rufugunsaiidousia CAN ¥8a PEAK 1tiu PCAN-USB siliglanuansnsansavaeuteyadi
daW11 CAN bus wardinsizrinisviuvesssuuldegvazideauaziiussdnsanuans
TUsunsu PCAN-View faguil 2.5

B LA e Toied Yoew Tt Hep

FoEH S & e 0

[

FF BF BF FEFF 00 00 00100 00 20 00
0

(LT mm 6 SAEB OCO0EE FF AM1D 3406 TEIRET 43

13N 04 67

191 ALBCCD EF OF

WISES NN

BIAT12 12 1220202
AR O [0 EE DOFF FA

Eirace THHERS, Chamnel |
ace TITTERON, Ehanonl
>

[T — Cycia Terss
FRadsi i doosdeasd H

CL R

ARBBCCIOLE FF AATE 36 I

7099 8745 63,21 13 1654 T8

534745 63 31 01 11 45 67 83

FANH R TEIE 6 0

BB OV EF OF EF DE 2845 57

AN 3 ETAT ) SE 56 M

4347872

22 A1) 00 1100 5600 W

BAREAE 18 £E 8 51 2

U7 2.5 Wsunssl PCAN-View 731 peak-system

2.5.1 AuENUANENYDI PCAN-View

n1sFukardItanid CAN #ldanun3ansIaaeuIaziATeidonInu CAN
(CAN message) isunazasritu CAN bus MowuuSealn

n13nsedoya (Filtering) @unsanseddoninu CAN ﬁé’faqmmlﬁ Wielnas
Annziamenzauasieiy

N193LAT e Tayauuuisealnyd sessunmisuansnaiazdufindoya CAN
message lavufl vlvaansadeauaniuznsiauuasuilulamlasiag,

A19A539E8UNT5A 0813910 CAN 2.0A/B uaz CAN FD 5045UtTs CAN WUy
Ffufnua CAN FD (Flexible Data-rate) Hsanunsndsdoyaldsanduasiivualmgniy

nstufinuavdseandeya annsatuiindeyadann CAN bus uazdweanilu
g wu CsV iethlulnsgiiiiangy
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2.5.2 35m3l¥eu PCAN-View
\Fousiagunsnl CAN (W PCAN-USB) Aupsufiainesinunesn USB waz
deuslafui3erns CAN bus fifasnsnsaaasy Ansslasieifigniosdniugunsal PEAK
Feanunsaaniinanandulesues PEAK System 1Ualuswnsy PCAN-View wagidannase
videBumesinafidonsaiu CAN bus nTI9deULAYIATIZI CAN message lngfldannsn
\denfiazdadonny CAN shenueaiionaaeusyuuld Tufindoyanisvitaiuves CAN bus
wazvdseenidulidifionsiiasgiifiuidu
2.53 nsuszgndldery PCAN-View
MsnageULazimUIgUNTalAl CAN bus wsnzdvdunaaeugunsal Wy
Wuwes, ECU wazszuu BMS Tugusudliin
N151ATIERU Y @1unsanTIdeuLarIlATIzRdaianatnluszuu CAN
bus lewuuizealnl vilinsunlatymvinlasanisn
Msd1aeenTineuTessuy flFansndidonm CAN fisiasstiuaiie
NAdaUNTYINUTRITEUUluanIuATalEN 9 1A
2.5.4 Uafva3 PCAN-View
1) Wi fdannsadusulinuldlaghidndudodussaunsalidedn
AU CAN bus
2) 5945UNISINNULLUBEALNY a1315005I9d0URAETLATIENNITVIU
983 CAN bus laniug
3) sesfumstufinuavdieendoya Hroifiuteyaiiiothluldlunsiinse
WanAsssetuiindeyaszuuiiiededennemds
2.5.5 YadmMnvas PCAN-View
1) Srfnamzaunsaives PEAK-System gansuaitannsolfonlfians
fugunsaifinanlag PEAK-System iy lisesiugunsaiangudnge
B
2) nsmardugedudou dldlminliduinsiussuu CAN bus enanuiinIg
farnludedndaududouneaunis
256 a5
PCAN-View L ugonduniffiuszadninmlunisnsiaaeu Tasiei uay
NAFBUTEUU CAN bus nzaudmsunswaul n13adn wazn1s3As1ennIsinauves
syuuildaru CAN Taslamiglugiugudliiiuasssuugaamnssusnlud@ Jedosnisnisg
pyREeUTiiudazneuauesliTIng
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26 wuawasaseulesau (Lithium-ion Battery)

wuawmesaseslenay (Lithium-ion Battery) Lﬂumemacﬁiﬁié’%’Ummﬁwaﬂumﬂ%’
muﬂuaﬂﬂ'ﬁmmaﬂmauﬂa guguAlin Layssuudniunasu (Energy Storage System:
£SS) ilosanilnaan@eiu 1iun ndanusinnzgs (High Energy Density) i seu
NITYITALIIUTY LLauSJ‘USuﬁVIﬁﬂ’]WI‘Llﬂ’]iLﬂ‘ULLau‘Uaﬂ‘UaE)EJ‘Wﬁ\‘i\‘]'TLl NANNITVNNIUVDY
wumneiaisenlonsunfonsindeuiveslossudissuseninedauan (Cathode) wazdaau
(Anode) TasfiTamiafinatsUszianildludavan wu Sifeulaveadesnled (LCO), &
Boumaneaa (LFP) wasdiSsuiinifauusniialaveasoenlen (NMC) nsidenldeau
%uagjﬁ’ui’mqﬂﬁzmﬁ W ANUUIRUUNEIY ANUaendy 918n15lTaY wagduy

2.6.1 dofvesnunnaiaiseulosau

1) nwdaugs viligunsadinulaui

) Yt wnzAugUnIainnmIuase e UA b
) Snsnsminasaudledisutuunmestindy

W N

) @1gmsldaugIu
2.6.2 dodrinvasuuninasaiseslasau
1) hnegamgilas mnwsuiunseinaiuseugs o1y likunnes

N

Fenanmvsodeme
2) dumugsninuuawmesvlngy wu dnRauaniley (Ni-Cd)
3) deddszuudamsuunines 1 odeadunisvsafunazaiuauam
Uannng
uana Nt wunwesdSenleseudidunumddnly weluladndsnunawny
Tngamglunsiafiundnuainumamdsiuiasnfinduasndsnuay Taeansed 2.2 16
wamnsSeudiouuunnesaisullossuusazyiin
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- .4 W3R BIUTINY Y v e
YHALUALADS R v nslta Toh Toidy
TnlUna T
ASeulavead | 3.6-3.7V | 3.0V-42V | Insdnniieds, n¥sugs g | 91gnslinudy
ganlys (LCO) wauiey, ndeq fugunsalnnny | ineuseugsla
ABeuuNanila 3.7V 3.0V - 4.2V | inTesilolwih, Jaonsteas, 1da | o1gmslinudy
aanlys (LMO) grumviuglndn | 59, Tauld nindleifieuiu
wuulauia(HEVs) | wannvane NMC
ASeullnifia 3.6-37V | 3.0V-4.2V | erugudlndh, wasugs, o1 | hiviegaungd,
waIn"d SEUUTALAU A UL #09n13 BMS i,
laveas (NMC) WA, gunTal FuyLUIUNaNg
WA
AiBeuman 32-33V | 25V-36V |sagudlii, szuu | amaaondogs, | waaaun
Woawln (LFP) NWWLAIng | a1gmsldauuiu
ASeuliniia 3.6-3.7V | 3.0V-4.2V | 508U Tesla, NAWIUES, 01y | Aunuas, lasie
lavead gunsoifideans | msldemuuny Qi
aaiiilyy AU
(NCA)
aSeulnnium 2.4v 1.8V - 2.85V | saUaluih, ssuu | Aauvaenduas WaIUA
(LTO) ST ARELY 110, 15957, 91
msldauuu
263 ag

g73UU

wunmeddiBeulossuduiladidgyueanaluladyel sislugaamnssu
gugudliiia gunsaldidnnsednd uazsvuudafundsnunauny iesndaunasening
AMUAUILUUNGNIUER ANLUBEANY UATAUNUNIY LL@'milﬁaﬂ%ﬁﬂLLU@Lmaéﬂzﬁuagﬁu
ANABINITHRNIEVBINSIEU WL LCO winefiugunsainnmn, LFP WINE R UNUTEDINIS
AnUasndug, wag NMC/NCA wngAugusudlilihiidesnmsndanugauazengnisliau
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27  wuawasaseulossunuududu® (Lithium-ion NMC Battery)
wumne3aifeulensunuududud (Lithium Nickel Manganese Cobalt Oxide,
LiNIMNCoO2: NMC) 1dunumnad iaunainnisiaunauasiaivdn laud aSey dniia
wusnila waglauean Imaﬁ’;’mqﬂizmﬁlﬁaa%’mam@aﬁzwfm AMUNUILUUNS Y (Energy
Density), Audasnsiy (Safety) war a1gnsldeu (Cycle Life) Felasuanudouatnegsly
gugudlilih wag szuudafiundanuiifiosnsussavsnmgauazauiindeiie
2.7.1 uantAndnvasuunael NMC
AL suge armsaiundseldinnluiuiiouadn gty
uiidsnINdanugs Wy susudliiuargunsaididnnsetinduuunnm
msafisuazaIUasnsiy mInaunaussdUsznaumaaiivinliuunine’
fauadesiuiu laednfatieifiuaug wemiadefiunnuaends uazlaveaddis
Winesafiosveslassaineniaca
9115l dseunmsuianarnisldauiionuiuninssnm a
Seslaveasioanlys (LCO) Famungfuaiuildosnsauvumuszeze1n wu saoudliih
WAZSTUUIANUNA Y
2.7.2  msuvaunAel NMC
1) owsudlii Wedhaunsvanelunswansaousliii esanliaugadi
ATEnINandnu anudasnde waregnisida
2) szuvdaiundanu Iddmsuiundnuainunamasnunyudeu wu
nEuLaIDinduasNdsual Wiedseamdsnulazifiaiosnnyes
seuulniih
2.7.3 Usglevtivaanunined NMC
1) UseAvBammgs undsnldnnluiufivunadn
2) Anaasadogeanituisssam Weifleuiu LCO fanuidssionnuiou
dyauiasnidn
3) -engn1slaugniu sesfunsssanildvansseulnessassyaninm
2.7.4 dodrfinvasuunmas NMC
1) #unugs iesnnilaueartsiinmgauasidodiinsunisdam
2) gaulmisiogungiigs mnldanuluaniizeumgiauiuly 01aiianis
donanimiivideuszavEaimanad
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275 @yl
wuane3 NMC feidunislununmeiaBoulossudilssunnudeusnniigaly
et Tnsiamizlugmamnssy seudlilih uae ssuudafundsau feaunaifsening
Wi ANNUAeAiY waregn sty wirslitedninsusinuazauseulinegumgil
wifidsdeidumalulagvaninoulandenudesnsiundanulugadagiuiazounnn

Aa o

2.8  AsuNALUALABIALoBY (Lithium-ion Battery Pack)

msuﬁmwmma?éL%EmL“f]mfumauﬁﬁﬂﬁ“zya&mﬁﬂums%’usmmmﬂaamﬁ’aLLas
UsgdAns amvesszuundsnulnidlduunnes nisdauiafmnzanliifoswiofiy
UsgAnsnmnsldau uwidsnedestunnudemeuasBnergmavinnuresuuninedsndie
LLamﬁqgﬂﬁ 2.6 MIuRALUAABIAISEM

=1
7

UM 2.6 NMSHAALUALADI AT

EaNl
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2.8.1 nszurURTSLAzMANN1IEAeyTiail

1) madeusiaiwaduunaed (Cell Connection)

wadLUmAe3IAlsBamanImadargniensoiirdeuduya (Battery Pack)
diellfussiulnihvionugfigaumunudesnisvesgunaal lnensdeusonuvaynsy
(Series Connection) ussdulnifinsaanfisiy udanug (Ah) wihidy daunisifeudenuuuuy
(Parallel Connection) A1iq (Ah) Wit wikssdulrifhaafy sUsUUNMTSouroastuog
fuanwarn sl Mlimnuddyiuussiuliihvioanugdundn

2) szuudanisuunine’

BMS agninssmelusummeiuiiaifioniunuuardnnisnmshaureasad
wuame3 Inefinthiivan loud msmuaNnIs$anaznsmeUsyq, MImuaugaml, N3
AunALIIUTENINALEaS (Cell Balancing), nM3tasiunisysaiiu nmsaeuseqiiy wasns
dn993 BMS Judussdvsznouiidnudemnasafouarergnislinuvesnunneuiia

3) JanUesfiu (Protective Materials)

Fagunazaurudunumlunisdostunisnszunn nmsduaziiiou uagnis
dansas Tanildsinidu PvC iotanlndmesiivudenisunninuaznisanl eifiuadiy
Uasaselunsldau

4) N1352UIANTOU (Thermal Management)

MI0eNLUULUALABI kARl sruUTTUIBALSouLilatleaiunsasauves
Auseuiiind uszndnesnisyisansen1sld e mnldanunsaszursaufeuldedied
UszAnsam e1aneliiAanisidenanin UssAnsnmanas n3eideadan1siia Thermal
Runaway

5) lAseasauwaen1svy (Structure and Enclosure)

wumaoiuiadosllassaiefiufausagyuniu ietestunisindoudives
wadkayAALAEEIINMINTEUNNYoM YA MIvunyiiann nanafnySelany el
ANUNUNIURAETEAUAINUABANY

6) - N1IneaauANUUaRnnY (Safety Testing)

reutuumneIwitalulduets Sududesiunismeaaeuanulasaded
d1dgy WuN1sMeaauNIsTTUIEAUTau, n1svadeuwsanulnil, n1smaaeuaUfIUNIY
N36AI9TT

nsnageumai Baeliulatuunned uiiafauvasadelunslde
nelaanizang 9
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282 @y
@ Aa A v 1% < o o
nsuiialuameIfseugnaawarlaunsgudunsyuiumsndAglunis
Susesnudasndy Jesiunisiinanuiouguiuly n15an99s nsenisseidn Snvisdae

dinengnisldanuresunmesuazUseansamlunsinuresssuulag sy

29  szuUdanIsuUALADS
suudanisuusaed luszuuiieenuuunil onuguLardAn1INITYinaIuYes
wusee3 Inslanzognads uunmedaisuilessuy Felanududeulunmsvinuuasiinal
feanznsiiuilimingay svuu BMS funumddnlunisiiliuunmesanansarine
loeee Uaeade Tuszdnsam waziinenenisidau
29.1 wihivénvasszuudansuunings
nsnsdaunssnulnin (Voltage Monitoring) asiagauuwsenuliiiveis
azwadifiotlestuussiuAuniesniteniidimua Ssoravilieadidenanmiedemels
NsATIdUau)d (Temperature Monitoring) AIUANLALASIVABUY
gumgivesuunmeiiiotestunudeuguiuluiseranelianmsidenaniwmiensgnl
msdansnszualiiin (Current Management) muAsUTianseualliing
Whuazeonanuunneiiiteteaiunisusaiiu (Overcharging) uaznIAEBUsEYLAL (Over-
discharging)
MsaumaaduUnAes (Cell Balancing) vilviusasulwivosusiazivadluyn
wusmeItALaNnafy WieiiszavinmuaBrengnislinuveaiunined
MsudaifouuazaUanadie (Protection and Alerts) udaiieurldauilo
Famnuiaund Wy ussiuliihgaiuniesiiu gumgliguiu uonisyhauiiauni niox
insmstestuiiolilyisyuuduman
2.9.2 drwUsznaUNANTBLEULIANISIUALADS
1) Wuwes (Sensors) lnsradaussaulil nszuglni wazgamgiives
LUALAD
2) lulpsmeulnsataas (Microcontroller Unit: MCU) Uszananatayadnn
HuwesiarMUANNTNUYBITLUULUAADS
3) YaAUANANAA (Balancing Circuit) iwthiiu§uaugaussfuliiiwaus
avlwadllnalAeiu
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2.9.3 Uszlevivasszuudanisuunne’
1) fiumnuvasasds anmnudssinnisiiaanuougaiuly msanlng
visomssvilnvosuunine’
2) Bnorgmsliaunumne’ andanisidesanmiitinainnisensaiiu
WarNIIANEUTEYNY
3) WinuszAnSamm ey iliuusmed anunsaviauldifuanssaus
1AEN1IMIVANLAYIANITNAINUDE NI
2.9.4 msUszgndldszuudansuuniae’
1) sgudlilih dansuazmuauuummeIvessasud e il
ageliUszAnSnmuazUaensiy
2) szuudafundsonu muaunslfauunnedlussuundanunyuion
WU WENULADITIRGUAE NI UAY
29.5 @yl
suudanisuumaed farduiladdguesnisldaununnedaifenluga
agtu ilesnntiaifiuaaasnds daergnislion uaziudszansamlunsinuves
wumsed Fsgmitlulognaninsnsidlugaanunssueusudliihuasssuundanumauny

2.10 JK BMS (JiKong BMS)

JK BMS iJuszuudanisuunined it ldsuanudouuazgniluldog1sunsnae
Tastawglu srueudlndih was szuvdnfundsny iesaniimmuideiiogeuaziinuandd
asuiulunsmuauuazdanisuunneiaifelessu JK BMS ldduniseenuuulvaiunsa
Femsauiuszuudy 9 legefiuszansan Sadunddusidenilésuniseeusuegis
N9 wanagy JK BMS ﬁ'ﬂgﬂﬁ 2.7

SUT 2.7 JK BMS 71311 jikongbms
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2.10.1 AuaNUANANYEY JK BMS
1) mIsnnedeuwadLUalned nTaaussiulni nszualiin uazgaumgd
YDUAAL AR LFDE 1ML UE
2) MsaNnawasd s893UNIsUSUAaNAAKUY Active Iagnsaneloundasy
NnwadTindsnusnluSagadiinganulios Weudszansamuas
fnogmsltanununnes
3) msdesiuaudasades Jesiunsvinuiiaund wu wsenulniuiu
QUMNNFUAY 38N15ARNI9RS
4) MsAmMNAENUENSISLUAWMSS Ussiliularenussiunssauas
auEMINLYBILUAAST LK oEIusiug
5) nnsdeansteya seesuluslaneanais3uuuy Wy UART, CAN uaz
RS485 IlelFsusauiuszuuauaudy o Iiegsagan
6) mMImuAuszezlng seaunsdendeuazmuALHIuLeUNALATULY
gunsainnmvieunanrlesussulat viligldannsonsaaeuuagsian
msvianldnniinnae
2.10.2 m3Uszandld
1) ggudlilih Wlumsdansuunnedaisedlossulivinnuegasnds
wagilseAnsangs
2) szuvdaifundanu muguansdanmsndssluszuudnfundsem e
Waszdvsamnslinuiazdaeguunined
3) szuundanunauny Wlussuulvanfiwaduazlassdgliidesnisns
ANTNANIUIINUNAINAIUNAUNY
2.10.3 a5l
W71 JK BMS g laisessulusinaoa CAN laense uwaaiunsaldausiuiu

TugauUasdayao wielvidsdayariu CAN bus teg1aiiusyansan Tngluanddeil msld

'
=Y

311 JK BMS $auriu ESP32 uay TIAL051 anunsavilvinisdeansteyaluiaiayig CAN i
AVIUTINT AT

TolfuTouddnyes JK BMS e funuiininszuy BMS 715035U CAN
Tnonss uidaaslideauaunsalunissnnisuazd oanstoyavesuunined laeg el
Uszansnw villiidumadeniivinzandmiumsimuinasiseszuuinnsuunimnesluey
guA b LaL SEUUNG I UNALIL
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2.11 UART
UART tiuluslnaeanisdeansuuueynsuilddwiunssunazdedogasening
gunsaidiannseiind lngludndudeslddyqyrauniing (Clock Signal) Tun1smiuaunisds
Yoy Fagndmdunisdoansiuu Asynchronous n3e litszanunan 9aAuves UART fio
Anussuiglunseentuukasnslgnu wangdusululasreulvsaaes Aouines uas
gunsnideansdu 1
2.11.1 A15¥191uY8s UART
n1sdedoya (Transmit) UART vin1sudastayalugluuuauiu (Parallel
Data) 9 nlulaspeulvsaaesvsogunsaldumabiiludeyauuuaynsu (Serial Data) uan
Anuanedye ol
n155Utaya (Receive) UART Sutayaluuuuuaynsuamnagdayaiod uae
wasnduidudeyauuuruniledsseliiugunsaiuanema
2.11.2 Taseadredayalunisdeniiu UART
Start Bit TfuangunsniuaamaitnsasdoyaldiGusuiu
Data Bits Sndayafignds (et 5 81 9 On Tuegfumatmune)
Parity Bit ((113) [ddwiuniaaeuaugnaesuastaya
Stop Bit UanInAugAvaIMIdstaya nevtalufmuadu 1 vie 2 Sa
2.11.3 AnaNUAYaY UART
Asynchronous Communication hifldeygiauinilunisuszanunisieu
yhliisansgunsnifesiarndniinisdsdoya (Baud Rate) Trinsaiu
Simplex, Half-duplex, kag Full-duplex annsavhanuldiuuudsegaien
(Simplex), d@uazsuadunu (Half-duplex), tazdsniansu (Full-duplex)
A1M%57 (Baud Rate) é’mﬂmidﬁaaﬂaﬁﬁaﬂ% i 9,600 bps wag 115,200
bps
nsdsdoyauuy 8N1 gULUUTnuUseiian Ae Teya 8 Um, laifl Parity, was
Stop Bit 1 U#
2.11.4 msUszendldvas UART
1) lalasreulvsaiass Mlunisdearsiugunsninieuen Wy Wuwes nih
JeuanINg Lavgunsaldnfiudoya
2) madeusensuiimeifugunsalienas Wideusorulusiy viegunsal
loT
3) msdeasszwinegunsal 1Wluszuusmlusd@ szvudanisndanu (wu
BMS) wageugunliin
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2.11.5 4aAvas UART
1) eanwuude lidedddyanamuinlunsaiuny
2) Funush HWuswensendauasdeslunsiios
3) 5835U Full-duplex anunsadeuazSutayansauiule
2.11.6 Yai1invas UART
1) anudaenngy SPluag 12C Wesnlifdayananniinifiiu
2) dedrialunisideudenatsgunsal UART manzdun1sideusouuy
Point-to-Point seninagunsal simnzdmiuiasethenivansTnus
2.11.7 &g
UART 1iuiBmsdeansiifinnnuiSeudis dunus wasmmngaudniunsld
sunlUluszuuilidesnisnisdu-dedoyanuidigs uiezddedidndunuduas
n5id ouslovanegunsal uaAdsanduninsgiunisd earsi drdglusiudiu
lulaspaulnsaiaes svuu loT wagnisdamandsuludagiu

2.12 Tugauuasdyayes TJA1051

TIA1051 \Julugawdasdeyeyad (CAN Transceiver) 99nU3%n NXP Semiconductors
flosnuuuiiadeusedmyaia CAN Tnsiamgdmsunisidaulussuvsusuduazau
gaavinssy lugadvimiiduinarslunsudasdygiadoyaain CAN bus lugmiaeg
Uszananaiisessunisidensonuu UART #i3e SPI iielifanunsadeansiulalaseeulnsaiass
W ESP32 Ifeehadiusyavsniw fauanslugud 2.8
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2.12.1 AuENUAnanYad TJA1051
CAN Transceiver ¥iwihiisusazasdayaaluadetng CAN
59950 CAN bus mm152g9 aansndoansdeyaligeantis 1 Mbit/s
Auvaensdvgs Jesdunmssuniuandayarauduwinluii EM) wasiinis
Uosfun1snszwnliln (ESD Protection)
Low Electromagnetic Emission (EME) gonuUULLil sann1sUa Ay
wiltanlui mmzﬁ’uamwmmé’amﬁﬁé’ﬁgfmmiumuqq Wiy nelueusud
Standby Mode 5095uTnunuszndandsaud oldlaldsu i oannis
Fufeadsemiluszuu
Fail-Safe Mechanisms fi5gUUTU89AUAMURANAIR LU N15UD9AUNT
dn19395 waznstesniuussulniiifu (Overvoltage Protection)
2.12.2 mslfaulugrugudlnii
THluszuveusudliitnilodoudedoyaszninagunsaling 4 lhuedevne
CAN 1% BMS uaz #i199laning d19sun1sdanIsnassiu n199159 wazn1snsiaaeu
A0ULEIUBUA LA LAI1ULE Y AN WE wazAuUaenadelunisdadeya o990
AnNanInsalumsandaaasumulazsesiunmhatluszuuiiFeansaindetiog
2.12.3 msulasdayanainin UART 10u CAN #ae TJA1051
luga TIAL051 sessumsuwdasdnyaiainin UART Tuidulusianea CAN lng
ausovhaulfesunnfuardaidetiogs Tunaded Tuga TIAL051 Sunumdrdey
Tunsuvasdoyadilsannn UART Iiudeyaluguuuu CAN Ssanunsadesisluggunsaldulu
ssuuldlnense Mliananududeulunsiaunssuunsdeansveseuaudlnd Snvads
Pglimsuaniasudeyaiinusiudiuasiuiag
2.12.4 a5l
TJA1051 Wulugauuasdayeyios CAN ﬁﬁﬂizaw%quaLLazﬁizUU{]mﬁ’uﬁ
asouAgul Sumnzautunsldalu srusudluiin uag szuugeamnIsy Afeen1sng
Foansfisainisa Yaense wavdedold
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2.13  %auaAnINA ATD3.5-S3

ATD3.5-53 \Juniiaeuanssauuy TFT LCD vun 3.5 {7 fisesfunisdudauuy
Capacitive Touch warldsunisesnuuuniliieusaufuuesn ESP32-53 Feflusyansam
gaialugrunisusznanataznsideusouuuldae (Wi-Fi wag Bluetooth) niaesuilie
\Hududdyvestugiuszuuiledih (Embedded System) ansnsaniluuszgndldlusudiu
Internet of Things (IoT), s¥uUAUANSATLITRA LazgUnsalaundnlay Tnslanzaiuiideanis
wanaans1finuazmsidmeuugidiussuududa duandusui 2.9

Whatdo you want to.do today?

sU# 2.9 ni9euanINa ATD3.5-53 i1 ATD3.5-53 research

2.13.1 AuaNUANENYeY ATD3.5-S3
YUARATAINATSEnNE190 TFT LCD 2un 3.5 9 ANUAZIBYAZIEY 320
x 480 Minwa 7095UN1SUARNARUUARNFULUY (Full Color)
sruuduiawuU Capacitive sosfunisdudaiiuiugnaznavauadh Tngld
ASITLIINANINLANOURUIBUUY Resistive WNZAUNISTIANDU WU N1TUAE NITUA LazAIT
3]
Wslnaeanisidoude MWns@euseniu SPI dmsunisuaning wag 12C
dndunisdeansiussuududa Capacitive Touch ﬁﬂiﬁﬂ’liﬁ@ﬁ’]i%@%aﬁﬂ’a’mﬁ?LLa%Lﬁa‘Eﬁ
59950laUTITNTUERIKE @1u1TavinausaunulauTFeentisuay g
TFT_eSPl inligimunanansadisuldnaunumiinvelaiewasBnney
2.13.2 M3lY9U ATD3.5-53 Saufiu ESP32-S3
UesA ESP32-S3 sossumsvinuiuninae ATD3.5-53 lasesauysal lag
nMsllewsiold SPI dmfunisuaninansiin wag 12C dmdunsauenszuuduia Capacitive
Touch @dl¥nuazidaauazaiulags
nsfndsuaglduaansaildavainiaenisinuacilaus1s TFT eSPl
dmsunsuanina uagldlausisianig wu FT6236 Driver @115UN15IANSIEUUSUNALUY
Capacitive @athglimsimunaznmsUszgndlfaudulegaiiuszansnam
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2.13.3 Yofivasnslyd ATD3.5-53
1) mIuanamafidamazidenguazdduanla ngdmivauifosnis
ANUANTALAEAIILAIBIUYBINT TN
2) s995UTTUUANN AT U ud YroiuUszansamnisidnovveeld
TaglomgluauiifeansaunaidiazenuaziBoalunisduda
3) mIadeusofiazamnuazsiada Wluslnaeannssu (SPI uag 120) &9
HganAundtlunsUszinanaLazianmatoya
2.13.4 a5
wihae ATD3.5-53 Wulvgduiiasudunazmnzandmiunmsiangunsal
0T wazszuuilsiaiidosnisminuaansalunsuanssansfinauamgasnslinoy
H1UsTUUANRAWUU Capacitive Touch @sgisifinainuazanauiswasyszansamly
sl

2.14 lupa ESP32

Esp32 JWululaspeulnsamesinmuilagusen Espressif Systems Faianuanynsn
Tunsussananags uazsasiuniaideudel¥ates WiFi uay Bluetooth Tasgnesnuuusnly
ansaUszendldlalunumainuanedu |y ssuusalugds, loT, wassuumIuANdaasey
shearmaunslunsidoudefuidumesiaggunsnisng 4 sgsdangu ESP32 Fadunilly
lalaspoulnsaaesiildsumudongdlunuisouasanamnssy fauandlusud 2.10

'g"dﬁ 2.10 luga ESP32 fisn espressif
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2.14.1 AuENUANANYEY ESP32
Dual Core Processor #iagUszuiananuy Dual Core AI13157 160-240
MHz ansnsauszananadeyalasiniiuassesiunuiiinrududou
Wi-Fi wag Bluetooth $895UN1M5§ U Wi-Fi 802.11 b/g/n uay Bluetooth
4.2 (ﬁu’q Classic tag Low Energy) wnzdmiunsideuselSans
GPIO Pins dwasa 1/0 31u3uun s895UlnunAn1sviauvaInuane Wy
PWM, ADC (Analog-to-Digital Conversion), Wag 12C
sessunaneBumosing annsndeansriu UART, SPI uas 12C ileideusaiy
Wuwosuazgunsalnauen
nslndsanus seasulnuausevdandsnunansguiuy wsefunudld
WEINUINUUALADS
Augangulunsiaw anunsadsulsunsulavanvaisunannesy wu
Arduino IDE, ESP-IDF (Espressif loT Development Framework), uag PlatformlO
2.14.2 mM3sUszandld ESP32
1) 10T lolulasanis loT nainuane W ssuumuaulniigaases ssuy
ATIVINANINBINA LAZTEUUINYIANUADANE
2) szuuAUANSHIUIRA feFIuIL GPIO Pins fisnn vinl ESP32 snga
dmumuruelnes Wuwes uazgunsalmunudy 9
3) msdeansteya sessunisilensis Wi-Fi waz Bluetooth 3eansnsnds
Joyaludszuunaniavsegunsalnnmilaegeayain
2.14.3 @3
ESP32 fiamanunsagslunisidenseduszuu BMS Taglanznnsdeansiiu
UART Badunsdeansuuveynsufilfruundvats swidevansduldin £sp32 WlHlugud
Aeadesdiunmsmuauszuusugud Wesanndl anudangulunisiense amiilunis
doansdoya wozarwanunsalunsUssananauuuEealng fufu £sP32 Fufumadend
wngandnSuNUITLas MIRaL ST ULTIRDINITan sUssInanaiTniE madeusiod
gavegu waranuansalunsvinuswivgunsaldaniswaenuadelal wu BMS
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2.15 Buck Converter %38 Step-Down Converter
Buck Converter #3afii3an Step-Down Converter Wunsasuasussiulviiwuy
a“m“‘ﬂuﬂa'mqa]i DC-DC Converter 7ilg 1 anusesuluinainss ﬁ’uﬁaﬂﬁ&fnaqadwﬁ
Usgdnsnn ’Nﬁ]i‘tjuﬂ‘umﬂ@@ﬂLL‘U‘UI‘MG’]&IHO‘UiULLNWLJIW‘WWIVLmJ’waiJﬂUmﬂ%mu Tagly
aqm%qmmumimmu sznaiwﬂswawﬁmwmmnqm Linear Regulator
2.15.1 #anN1571914Y89 Buck Converter
Buck Converter l9udnnisvesmsalndidn-Uafoauiige iileaiunu
Usunamdsnuiidsannusstulafinand (vin) Wdusstulairviean (Vout) Tned
psAUsEnOUNdNG D
1) @3md (Switch) sinld MOSFET %38 BJT @usutla-Uan15bnaved
nszualniin
2) lalen (Diode) vntdivhnssuailoaindde wetlosiunislinadoundu
YDINTLLE
3) Funiea (nductor) AnuAunaanuluglvesauuuivin wasteln
aszudlilnasteseiilos
4) fuAudseq (Capacitor) simiiinsosussdulniiielfussiuvieend
AIUTIVISEU
2.15.2 msimaulutaazdieaan
Fr9ainBiln (Switch ON) nszualwitlnaarnumasdrerusamiieailuss
nan mms@mﬁuﬁamﬁmﬁwzﬁﬂLﬁuwé’wﬂﬂugﬂammmmﬁﬂ
Fe3nddn (Switch OFF) nszudlnihanswdeashdmslnaludslnaniu
Talen Wosnndumdenimengmsnenssualiasd wiknasdeazgndnesn
2.15.3 #UNISUIIAUV19DNVBY Buck Converter
LSauIIBENYBd Buck Converter @nsnsaruanildainaunss 2-1

Vour =D X Vi (2-1)

Tnei
Vout = wswulnihisen
D - Duty Cycle (Sasrdruszasnandiadndidn)
Vin = wsesulnihvndn
naun1saniulean ussulniihenesn azdesnitussdulndiands
DunudnuauzdAuedisas Buck Converter
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2.15.4 Yafva9 Buck Converter

2.155

2.15.6

1)

2)

3)

UszanSangs 1Wnnsaindeiifinmsgadendsausi ildanudeud
Aatutiesnin Linear Regulator

yuangyinin lisndudeddndenlasauinlng aansaeenwuuliian
waz MU

AsuUaandsnufifiusednsaim anunsausuussiuliildmudosnis
lnegiimsgaydendsanuios

YJaideva Buck Converter

1)

2)

3)

n15eeNWUUTidudou Fosmidadinisrauvesalndwaznisden
gunsalnzay

FUaasUNIAINNITAINTY (Switching Noise) 819dnano9sdu 7
aglnalAes

NITUAIUMSLImanlai Lﬁﬂmﬂmiﬁwmﬁmmﬁqq Tududeeiinig
gONLUULIDAANANTZNU

n1sUszenalderuves Buck Converter

1)

2)

3)

gunsainnm Wy Insdwidedie uazuduiiey dosnsnisudasussili
asfiodnorgnslinuuunine’

szuvgueudlnih Wlunsudasussiuanuunimeiusafugs wevhluld
fluesAUANvToRUN SalaSY

uwdsiglnvesrouinmes Wudasliiindodnoussiuslfiududay
diannsedind wu CPU uaz GPU

2.15.7 &3y
Buck Converter t§unsasudasuseiuindaudrdglugnamnssuaialnl

o = a a YY) 1Y) Y 1 A A
Wewndusedniamgs vunanegdinde wazanansauvasussiulnilaegediiadosam
wingdmsunmsldnundesnisussndanduiazsossugUnsalndusaiulniisn

2.16 SquareLine Studio

SquareLine Studio Wugensduasdmsusaniuukazimudwnes el 14 (User

Interface: UI) fivha1usausulausid LVGL (Light and Versatile Graphics Library) @a.8u
laus3dmsvasnsiinuululasaeulvsaiaes (Microcontroller Unit: MCU) wagaunsalila
§1 (Embedded System) lagtanig 1Usinsu SquarelLine Studio ﬁﬁ;m@iuﬁ‘dwiﬁﬁﬁwm
au13nas1amt1eelanen15a1nkarI193ndn (Drag-and-Drop Widgets) 5918 9@11150)
vuagaauiBuazmanisal (Event) Ifesaznin nglisududeadeuldniamundae
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¢), SOUARELINE
\/ _II:I :STUDI%

gﬂﬁ 2.11 SquareLine Studio i squareline

2.16.1 endudAsyvas Squareline Studio
1) n1sdan1slusianaiagutnae (Project and Screen Management)
annsaadslusendlnml muunnuasBoanties wasfiuntiaenatentduiesossunis
Fewiivainvane
2) msifisinidn (Widget Library) 5935UININUINTFINVER LVGL Wi The
Uom113 (Label) Yuna (Button) JUn1m (Image) wouldeu (Slider) wagina (Gauge)
3) MIIANIINTNEINT (Asset Management) aansauid1gunn Weud
waslnsiiieadas wWieldlunsesnuuuniae
4) msmuuavgn1sallagn1slaneu (Event and Action) fldanansafimua
wan1sal Wy n1snady WIonsiagum Wedenlosiunsinuuesssuuass
5) msdsentdn (Code Export) Wiosanuuuiasauds amnsodseantndlin
AN C/C+ Aisosfummvinusaniu VGL wazthludsegndldauivlilasaeulnsaians
WU ESP32 %30 STM32 laviudl
nAuautAING17 SquareLine Studio uduiaiesilediminsandmiunis
PONUUUNTNTOLANIHATAITZUUTANISLUAMES [esantisannailunisWaun wazviley
n1seanwuuduLmes el usyuuseidsusazarusad lulduasdaeag el
Jsegansnn
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217 widpiiigadasiumaluladuunnaiaiSeulessy

Tagly wumneidiBeulessudumaluladmstniAundsauildsuanuiougs
doanndarumunuiiumdsnugs dwiinu waranunsar$e-melssgldvateseu e1gnns
T ufdsuuueivaglasaaneluiiaunsasulimnzaufunisldauus

avUszianle egnelsfinnu Uszdnsnmuazanulasndevesunineitusgiueduseney
wagUsEn1s W indveawad gamniin1svieny JULUUNIUSI-AEUTEY LaETEUUIANIS
wuaLa el Wenluaunsiulnegluveuwnivasads Tuideidsiiauenisnuniu

av o I a = v a a v o a da a
Q']U'JGUEJG]QLLW@@@"UUQ\T%Q"QUU‘WLﬂEJ'JEUENﬂULWﬂI‘Lﬂ;aEJLLUG]LG]@iaLﬁEJlIVL@@@u I@Uﬁqﬂagl@ﬁ@sﬂ@ﬂ

av o4 o = o &
NUIBNNYITBIEATIUAITIN 2.3 fail

d' av o a ) a da
AITNN 2.3 QWTJ’J"UEJWLﬂEJ']GU@Qﬂ‘ULVlﬂIUIaEJLL‘UG]Lﬁ]@iaLﬁUiJvL@@@u

UNANRUN o . o o
ALHITY A152AAYVIUINY
(A.A.)
2014 | T. Waldmann et al. UNAMULUNLAUDNISANYITALATIENNALANTST

a

\d ouaninvesuunaes a15sulessunield
RUMNIFIIYTT post-mortem WuIngunas
15901518 eunanes 1y lawn n151UAE sunUas
Tassadrawdndauan n15Ld enanInwestsay
nsaaeflveIdlannglad wagn1suuIdIves
Fu SEI danalaruduniuntelud udy
NIENUABAUTIOULUALEIENITITITUVDY
LURLABS 39AI58IN1TBONLUUITUUSTUNEADNY
SouvisemuANaMgoE1LTaNTENINNNTT
Tanu

2015

F. Leng et al.

2 3

unAUldEuenIsAnetIATIERRansENU
maqqmuqﬁGiamiL?ﬁ'ammwmamummaéaL%'sm
losau lnenngaun 25°C uag 55°C Wu3
aqmmﬂuﬁqaL'ﬁ'qm'ﬁLﬁ'amaqsngu SEI way
N92UIUNTT side reactions ﬁ’ﬂﬁmmqaﬂaﬂ
wazarudumumeludfintu uwigamgligeie
diunsihlessuludidnlnslas winadeainns
Fowanmlusyezenduinnia Sadudiis
mmﬁwﬁ’@ummimuauqmmﬁLﬁaﬁmmqmi
T ureIUnAe3
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AN5199 2.3 udengtastumaluladuunmesaseuloaay (fe)

4

UNANUN
(A.A.)

Ya o

AMZHIY
uY

]

A132ANAYVDINUIY

2021

M. Weiss et al.

unaui Anwndsdnii eatunisengaisa (fast
charging) v83LUAMe3 AT laaaUAINLANBINN
fan Ingosureinmsvsanisnsigs (high C-rate)
AR overpotential gauazifium uidssenisiia
lithium plating & se199hlfiAnni1sdnsasniely
Lazaneynsld L uenaIniginseunqung
ﬂ%’wqﬁaqs{?’smﬂLLasz’JaULﬁaammaﬂswmm
fast charging Lu mﬂ%’i’aqﬁﬁmmwiﬂizms
looauidy nsiadoudaiedostuufAsend Ll
A99n13 wazn1seonuuulusinan1sersanuy multi-
stage %30 pulse charging ioanAueSEAdana

(mechanical stress) Aaian

2022

T. Rahman

unarudvauanisnunuiiadeuagnalnnis
\denanmvosuunineiaifeslessulussuuinifv
nausazsasudliliin AseuAqualndAty Wy
nsaanefvesdidninglad nstudnseu gumgl
21815 UNUS U wazAIINENVBINITAY
U583 NT0UTIATILHANTENUABAIIUY AN
NUIRU UNE9IU AU U un1ely uae
Uszdnsnnlagsiu lnenanfanisldisinseiias
Toyaifi eUszLiun19.d euan1n naoAULAUD
s iRuarfimnispimuiiednengnisld
uLazfiumindsduressyuy

31NN1581539UTVAUITTUNTTULARIUITEA A oAnUd U UM 8T8y

weluladuunnedaBouloou fmnsed 2.3 wuwwliunmsiauidde éun msaua
wazdansgamgiiszninsnsldnuiletestunsidenanwuesian mseenuuulusingms
ysafimnzaniiieananuadsauaztesiunisiia lithium plating M153taszsinalanis
\douanmidstudounaznisliinaiauiulgsian wu msdaudadlaseadrandnuagnis
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wasuRavrestalii suflansuszgnalideyanasiuudnaedugaiion1sinnuLasAIUAL
NSYNNUTDIMUALAI UL Al Faluimanaiifidiuddglunisiiuanuvasnsdy 8

]
1Y

218n15lu uarseasun1sldnundeinisanumukiungsuge Jsiadunugiuddy

D

o

adszendldlunisfinyiveding dnusd

2.18 uideiligatasiuszuuiansuunnes

Taevhly szuvdanisuunine’ inthivdnlunisnsaaia muau uasUntleauunines
aseuloseulvivihiuegaaendauariusedninmasan lagyimsfanuaniugnisvinny
WU ALY ILUALADT anuggunn (State of Health : SOH) gaunadl nIzua Lay
wssfulwihvesudaziwad WetostumsianuduladidaiienaviliiAnanudemenie
Sunsesosyuy FenrnmsdrrauiimihsiansmazanideiiiAsades wuirdnsiaun
walulad BMS aghsdaiiios Haduerauiiuassensduag Wesessumslianulusueud
il ssuudnifundsau wargunsalnamising 4 Tuideiiniiauesuidefifsitestu
s8UU BMS fausofmaudstiagtiu Ineiumaluladuasisnisddny wu Sane3fumsdsadu
A1 SOC uaz SOH 38N1sUTuaunausnusenitagas (Cell Balancing) NM13AIUANNITVISA
LaEN1SANEUTERTILNzAY UAzN1SA0aNIToyATENIN BMS Auszuunteuen Tngagy
mATeTiddauandunsei 2.4 il

= aw o4 DY) ) <
13199 2.4 UINNYIVBINUTEUUIANTLUALADT

UNANNN N . aw
(L) AIZHIIY #19526d1AVDINUY
A.A. ¢ \

2023 | X. Yang et al. unAILdEEue3s DOD-SOH equalization
dmsuszuuLUmmeILUUUSUTATIa39le (Dynamic
Reconfigurable Battery Systems : DRB) Ing/laf
Deep Q-Network (DQN) 31nimAl A deep
reinforcement learning Lﬁ@L%EJquLazﬂ’mﬂuﬂﬁ
AAUNITVINNUTOIYAE aAAINLANAIIUDY SOH
uazBaengmslinuvesufinuumnnod

2023 | R. Lietal Utauan1suseliiu (State of Power : SOP) tuy
waneraa1 (multi-time scale) vaauunLAB3 A
Seulonou Iagld Heo filter infiunuusiug1ves
n1sA1anisal SOP wieluannismndauaseeyseq
wigdmsuldauluseuu BMS
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AN 2.4 UIIBNNLIVDINUTLUUINNTLUMABS (5D)

Tjﬁaﬁuﬁ va o o (v a o
AMZERY #13881ARYVDIUIY
(A.A.)
2023 L. Zhou et al. UNAMULUNEUDLUUTIADINTUTLLT UAD UL VD
wuaLea3 luseuu BMS asaumgu SOC, SOH, SOE
LAY SOP NS0UALATILVUDATDLEUVDUNANANT
Usziiuaazuselny
2024 N. Q. Doan et al. UNAIUT WAUILUINTG multi-agent deep Q-

network (DON) Lif 8n15A2UA ULUUT 1uile
(cooperative control) #1%5USEUUAMLAUNT 141U
WUUABUUIUMATDYNTH (parallel-series BESS) 418
gnegmsldnuuasUSuugsussaninmnsvinau
2025 C. A. Ooi et al. me’mﬁmuaaﬁmi active cell balancing uuulug
{81989 State of Power (SoP-based) ¥islug 19159
wazA18Uszy Lawld SoP iunasilunisdnass
NWANUTENIUTAS WuNSLELEIwTIRUNID SOC
WagNa1uy Unscented Kalman Filter (UKF) Tun1s
Usidiu SOC o uusiugasty

2025 | A. Oshnoei et al. Ydnauainaila SOH balancing luuiauwunines a
WSeulosau lnely Finite Set Model Predictive
Control (FS-MPC) \#f 815 4n19%1a1n av0q SOH
syvinagad anmaililauna waziiaUszansam
18 5IUVBIUAA

310158157903 A IS5 UN IS UMA UITETLA a9 D UTEUUT AN TUUMABS §9
wandlunsned 2.4 wuiiinsiauwmaluladedredewidudanesfiuuazaninenssy
szuuiiaifinanuuilug Uszaninm wazanudasadulunisinauvesnunnesais oy
looau uidulurael 2023 f 2025 waasliviudanisuwnatdadgyyiUssivguaznis
AuANT Uz IUsEgndls Wy N3l deep reinforcement learning i a¥i1 DOD-SOH
equalization dwfuszuukummesuuuUIUlassald n1sUseliunazaiuau SOP ¢e Heo
filter uay UKF n13Uszgnd multi-agent DQN lussuudnifiundanuiiiednoignisiday
La¥n131Y Finite Set Model Predictive Control (FS-MPC) Lﬁ@Lfﬂﬂ’ﬁﬁ’lamﬂa%@Q SOH
SEMINTan uaﬂmmfé’aﬁﬂ'ﬁwumuuwﬁi’waaqmsﬂszLﬁuamumamumma?Lﬁaszq
Todnfinnagfianianmsiaunluesuiag wuilidudnaasyieuinseuy BMS mdenilignis
Nammmuiwdnmﬂiuiaﬁmimwi’m%uqﬂ Sano3iunisussifiuaausiiuiug wavns
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AIUANKULSIRSEY ialiuAulasndauazinaignisidauiuneed udusingiudfgy

dwsunisuszgnalianulugiusudlnin ssuudninundany wasaddeluiveinug

s

il

awv ad ¥ L a e Y
2.19 UIIYNNYIVIINUVUINITFIULASLNAUANITEDE1TVDYAUUU CANopen
1195511 CANopen unilslulusinmeanisdeansiimuinesanain CAN lnagn
2ENKUULNNBTBITUNMTITNUlUTTUURRAMNTTULALTEUUAIUANLUUNTEAY TFellUaf bu

AUANULED YT ANEANEY warN1TINNURUUEEalny @111505095UNSERA1IIENI
gunsalnagialaegeiusedansam Jelasunisussendldograunsvatenalugiueud
Wugud seuudniundannu wagssuulnihdaases uaddedficuuiywdulunniswaun

lassas1alusinmea N150eNLUULeNAKISADENT NTHATUNITINUTINAUTEUUAIUANDY

naanIuNsUsEyndldaulussuundanuuasnsvsaeueudliin daanslunisean 2.5

d' av o a ) a d' v
M1319N 2.5 QWU’J"UUWLﬂSUW@QﬂU@JWWiﬁWULLaSWW’]UF"IﬂWia@ﬁrﬁsﬂayjaLLUU CANopen

YA va o o o ax
AMZEQY #152dAYVR 1T
(p.A.)
2010 X. Zhe and D. unAulilEauenIToanwUULa AUl CANopen
Shifeng slave stack @M T UG IATUANTEUUEA IN1E S

(Powertrain Controller) ¥ 9508 us laus axiln
BuNTH (BJUT-SHEV) lnglly PowerPC MPC565 wag
eCos RTOS 1A5485 14 stack Usgnaum e driver
layer, OS layer Lay CANopen layer 7 5895UN15
Uszinanauvuiiealnl w¥ounanissanisdenii
CANopen la'iki NMT, SDO, PDO, Heartbeat Wag
SYNC laa819As U0 21U Han1snadoud ugdun21u
9nFeInNLIRTEIL CIA 301 wavaInsad eIy
gunsalsinetialussuveueudliogvatiesuasdl
Useanonan
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M1319% 2.5 ITETNgITeiuIInsgIULazmATiansHeaNsUaYALUY CANopen (#8)

4

UNANUN
(A.A.)

AUSNIY
u

A132ANARYVDIUIY

2010

Y. Zhang, X. Zeng, X.

Wang and F. Gao

U%ﬂ’a’mﬁyﬁ’lLau@ﬂ’li@aﬂLLUU’i%UUﬂ’JUﬂ&JLLUU
nszaedmiuuoudduilagltinietis CANopen
wuslassasisaruaudu 3 szau (n13d9nnng, ns
Usganuay, n1suuanig) wieuld Copley ACI-
055-18 1 usamuAuuBLAaswUY closed-loop il
5895UALTIUY A5 LATATYULE TONALISANS
doansoenuuulagld SDO/PDO nansnaaBsdusy
dwizwmmmmuqmmim?{aulmwmﬂ%aﬁiaLLaz
YN9ULUU hand-foot fusion lapgadiussandan
wagflauidede

2018

J. Pengfei, W.
Rongchuan and X.

Linsen

unmttEuanisadne szuusendsnIsaedns
Pesnpulnsatasiuuisualni lnonaiu CANopen
protocol 1W1AU Robot Operating System (ROS)
L oL wUsEANS A muazuInsgulunIsWaA
faNAkIT U U 1Asas1essuuldluuandn laun
command generation, message sending
(CanWrite), message parsing (CanRead) way data
processing ﬁﬁamam’m ROS topics Lﬁaﬂ’mﬂmmi
1971409 modular manipulator NANITNARDY
FuUduAIINaINII0v0352 UL UNSE 9d1T UL
Wealnd dadnudavie uas wasyi8unsgay
UseAnSarnnsiiann nieusessunisussendldiu
viugudvateUsennlaeg 9iuseansnm

2019

G. Barone et al.

unaEiaLensUTzondld CANopen d1msu
WeusalazmUANNTIaLIEIIsTImUALUTun
SafusTUUANAUNS UL U3 A S e leaauTLIn
16.4 kWh agla C2000 F28379D microcontroller
Tunnsdeansiu BMS HAN1SNARDITUTUAINYNADY
LLasmmLaﬁﬂisummmamﬂ?{au%agamuﬂalﬂ
Heartbeat, PDOs, Keep Alive check uav
Warning/Error tests s’?ammaaﬁmmmazmmaau
SOC, SOH, gauvinil, AMUAIUNIY TINDINTEUIUNS
¥a-mesz Wegaiuszansnmuazdetiold
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M13199 2.5 ITETNgITeiuInTgIULazmATiansHeaNsUaYAwUY CANopen (#8)

Vit AMZHIY A58 AtYv099UIY
(p.A.)
2023 P..-T. Wy, C..-C. wmmﬁﬁmuamﬁﬂﬁzqﬂﬁ% CANopen protocol
Chuang, M. . -R. TunsuRuuazd oansiuing 8aw15 UL UEUA
Hong, S.. -P. Wang | i (OBQ) wiewfiuussavian mnudaends uax
and J. . -Y. Wu AMUEAng uluN15¥1TY TEUVAINITOAIVANNIT

Sudunazvganisrsa msUiuamdaliingsne
LAYNISATIVADUADIULNITVIIIUR SAUALUY
Bealng laely PCANbus tool Tun1snageunay
LLUaﬁﬂﬁ’a CAN-ID #an15yeaasdudumuanesuay
AuLT ofieuos OBC fAruAuKIu CANopen
SIMDININTIVTUTDRANA A A DLW vilRnng
¥saiaNUaenfsuasiusEaNs NN

MnMsdrAfeiifntesiumnmsguazvaiianisdeaisteyauuy CANopen
MUANTNT 2.5 WudwﬁmsﬁwuwiaLﬁamﬁgm,wimﬁﬂiss;ﬂm‘i%’ﬁ’mzweiqﬁwé’waaiaaum‘lau%
MIATUANYULUALUUATEANY WazsWauiy ROS Lilounsefuinasgiusendnivusud
TWaudamsldauluszvunluniauagnisdnniswdanu samfansusegndaianiuing os
¥§agusudliii (OBO) ileifindszdnsain anutaoads uagaanndode wualiy
fanamagyiouin CANopen iusnmsgiunisaeansiisinudanguiasiaios wangausons
T ausisludiueueud Yusud uasssvundsnudaeies fadusngruddnylunsiam
sruumuANgIRseyiuauIAn

T |
v A

2.20 uTENNEAtaIiU CAN

11A3g1U CAN prwantnlaet3 e Bosch faust 1980s iitellunsdeansseaing
gUnsnididnnsedndnisluueud Tngludesfianilaseadne Master-Slave wuud s
AAURY CAN Aoanansadoansléiiuy multi-master 5893U real-time communication
AMUNUNIUA A YUNIU (Noise Immunity) wazdaldTneduensawiden Jagniily
Usegnildogaunsuansiisly sruesus (Automotive), S¥UUATUANEAATMNTIY (Industrial
Control), ugus (Robotics) 33109 ¥UUNGIU (Energy Systems) 9UTTHIIUIUNINYS
Waumadanisuiudgsanuundede anmuasads AnuEa uagn1suaIu CAN iy
lUslameoasesiugs (Higher-layer protocols) 141 CANopen, J1939 uavaianfe CAN FD e
im%“umiddﬁﬁayjaﬂ'%mmmn%u Fans1ail 2.6
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UNANUN
(A.A.)

ya o

AMZKIY

#15281AYVR I

2006

B. J. Ahn, B. R. Park, Y. H.
Ki, G. M. Jeong, H. S. Ahn
Lag D. H. Kim

unmarui WU CAN-based network
interface unit @1% 5 U Fuel Cell Hybrid
Electric Vehicle (FCHEV) W 01U LaU87 5
holistic scheduling Lt eufdagymaruandaly
n1seetayadnn priority inversion lagn1susu
sampling period kuulauliln wan1sNAEDU
LARIINENNNTASN YD ETNINYBITEUUAIUAY
wazan jitter 1o

2008

D. Wang, J. Nan, wag F.

Sun

unawinauen1sUsEy 61y CAN was
UINIFIY SAE J1939 luszuuaiunuluy
nszevesTalagasliiia (electric city bus)
lneld V85070F3239 embedded CAN
controller Lagv1n1531a09UULNARNDSY
CANoe nan1snadaudugusnszuud eans
Fuldn answandumes Wumuidede
LAZIDISUNTIATIEAVORANAIANIY DTC

2010

C. Wanke, L. Cheng, P.
Chunlei ez M. Xiang

UNANEANYINIS Wi uANY 1 8 ouuy
Sealndves CAN Tuszuuduindoudaszans
NOLMB$83 EV (IDEV) lagltn153LAs1gu Rate
Monotonic Algorithm (RMA) wu31 CAN 7
USuusese RMA fianuiefiosuazundetonin
1518 CAN wuud s Tngand response

time jitter wagLiy reliability margin
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VNANUN
(A.7A.)

AMZHIVY

#1528ATY V1IN

2016

M. R. Vemparala, S.
Yerabati and G. I. Mary

UNAINT YILAUB NS AIUILA YT LA 2
Uszansnmvesssuumnuvasnnelugiueun
TWH7 89U CAN Taeld CAN bus 1T ause
ECU ¥®358UUg 0y Lawn Pedal Assembly,
Dashboard, Battery Pack W & ¢ Motor
Controller Han1SNAABULAAILHLTALIN CAN
protocol @1U150aAANNT UL OUTDINITLAU
anelil Winauudedie wazmevausdldniy
PafinuAnIuLaT (latency < 20 ms) NIUNT3
$1a091a231A129i 628 Vector CANopen 7
9937 baud rate #1149 9 (125, 250, 500, 1000
kbps) 98 uduanuanisares CAN Tunis
5095UN158 pa1sL5valvd waziA Ay
Uaondeue9szuu EV

2024

B. W. Hosny, H. H. Draz, B.
A. Elbakry, M. M. A.
Mahmoud L@ae S. R.
Abdelrahman

UNALERRUILLINIG Machine Learning-
based Intrusion Detection System (IDS)
dmsutesnunislan@uu CAN bus Tagly
Artificial Neural Network (ANN) Laginaila
CAN ID shuffling 611 FPGA (PYNQ-Z1) W@
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221 &y

Tuunit 2 4 Ihauensanudirrhssunssuazeddefiiedeiumelulad
LLaz’qﬂﬂiﬂiﬁlﬂuﬁugmﬁwﬁ“ﬁgiumiﬁwmizwﬁaammzﬁmmzwé’amwamumL@@?étﬁﬂy
levau lngldndmislasiaiuazauandAveduslnaeanisdeans Wy CAN wag CANopen
sfsgunsnilaiuegne PCAN-USB wagwomiliad PCAN-View Altlunmsvinaeunaznsiadey
n1sdeaNTUMLATETe CAN uenaniidsldesuiednuvaruasdeftesinvecunneiasey
Tooouwinsa 9 lnsiariz NMC Faflanudfgsonisidailugusudliuazssuudaiu
Wa99U W%@N‘ﬁﬂﬂﬁ?’]ﬁﬂ%ﬁﬂﬂﬁuﬁﬂLLUG]LM@%‘I‘ﬁIQﬂé]}ENLLﬁszm%ﬂﬁéﬁu@ﬂN‘Uﬁ@ﬂﬁU Tudu
Y0952UUTANTUUANS TasuneunuIn winfl daulseneu wastsslew saudaniswann
999 JK BMS ﬁﬁﬂmauﬁﬁsﬁguqq WU Active Balancing waznsaeaisiulusinaea UART,
CAN uag RS485 nanduNIs5095uNIsAILANTEslnarukaUnindy dmsuaniauwas
atfuayudu 4 lonafisluga TIAL051 dwsuniswuasdayaiod, ninveuaning ATD3.5-53
P14 ESP32-53, luga ESP32 Adanuaunselunisuszananatazidouseliay saui
Buck Converter fiviuiifudasussfuluiiognafiussansam ssdeudiomuniiodu
snguddalunsiaunanuddsineidnug Tnosjauduluinsesnuuulagiaunssuudoans
YT BMS uazmiinqeuanina edinaruvasnde anuwiug wazdsegansanlunis
M9UBITTUUNA N ULaza U ud i luangnsideuasa
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3.1 UNUI
a v dy 3 a v a o A b3 v

NUITBUT UG INAIUT (Developmental Research) M39LUuUNIT WAILNIZUY
a [ o U dl 1 o o dl 1 dl v 24
UNDTINUATNITUANIHA FIUTURBNABAUTEUUIANITUUALADT JU JK BMS Liva g ldanu
ANN1TONTIVFOVANIULNITVNIUTDILUALADS b LuuT walnd Tnsendon1sdeasiiu
lslamaa CANopen @alunnaspiunilasunissousuagisunsvaglugnannssueueus
melunidulaldluga ESP32 dmsusudyayins UART 90 BMS uazdwsialudalugauuas
feyaured TIAL051 tavinnsuuasdyeynas UART Tiidudyeia CAN wazdsludantn
FDUARIHATINTUNITHAASAMNTIRS AR tawn wsedulnin nszualnin eamnll wae
A0TUZNITVIFY VOIUALIIDT NITUIUNITANTUNITITLEUAUIINAIIANUTAUITIUNT TN

av a o v o Y} = o
LaZIUITENLA BITOIAUTLUUTANITWUALG DT LUSIAADaN138 0815 CANopen Lasn1s
PONLUUIEUULEAINAUUMEIYdudd Wethundutwinisluniseoniuussuuld ouss
581314 BMS wagninae lagldueia ESP32 srudulugaudasdayein TIAL051 ieli
aunsnsu-dadoyaain BMS H1unesn UART wazwlandudyn o CAN fidewialudand
FDUAAINEG N1FINABIUALNAFBUTTUUILYNANTUNISINE AT IENUSE AT A NYRINISHRANT
Huluslnmea CANopen kazUsednSnnlun1suaninadoyad d1AyvaIuUnLAD3T T
Usenausigusenulnin nszualnih eamgil uage1 SOC idudunnugnees AuLaies
wazANULTeRovesszUUnlas UM IRAITuLIdell Taedsnsaiiuniside dasil
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3.2 panwuusYswUasdyaa UART Wudeyqyias CAN
dielsruudumefnefiautuannsndeasiussuuianmanazdiulsenouduy
Tugnugudlnfinlaegraiiusednsnn Tunuidelanmuasigasideaniseaniuuluslanea
CAN Fstluil
3.2.1 msdenlduiuu CAN ID

1UslmAaa CAN Bus $15Uluy ID 2 ¥ilandn Ae Standard Frame (11-bit ID)
5895V ID 1@ 2,048 A (2'1), Extended Frame (29-bit ID) 5845V ID 1A11AA31 536 a1uAN
(2%)

Tusmidded §3deldfinnsundently Standard Frame iflasarnidusuuuudi
\EanesUaUIIAYRITYUY Uazdanadastuansguionltlugnaimnssueueudialy
msUszgndldaulusueudliiidaudas uieszuuilddudouunin fdwaulnua 9
Hoannsdeans 1y BMS, gnmunuuelnes, wihasuania, szuunsa taevilulaiiu 20-30
Tonum faifu n1sld 11-bit 1D Geses3ulFTe 2,008 sa Sefodnfivswedenisldan uazdee
annsensUszanana vedlulasroulnsaiass Weiiguiunisly 20-bit ID Famungdmiu
3z‘u=uLﬂ%as&iwmmmﬁlwyjﬁﬁmm%’u%’auqq

3.2.2 n1ssUAeNgnsINIsdedaya (Baud Rate)

gnsInN1sdetaya luszuy CAN Bus imnuduiusuniuiusseenaaignued
aedeyeyo Imaé’mwmidﬁayjaﬁ%ﬁm I BRUAUNUVNUA B E YNNI waZTEI5U
szovmavasaietellnaiy

TueATeilldidenld Baud Rate 7 125 kbps Aladnreiuiil) Fadusns
mMsdedoyainsguiilieuaunaifngaseninsanuiuazanindede uifidninis
ﬁa%aagaﬁ%alﬂqmm wAenansasessuANEIEedalalnaia 500 wns

dmsunsussgnaldaulueueud Faflnuenuvesaedyaiaiedy
Ay 10-20 Wwins n1sidenld 125 kbps 34l druiilennuvaensdedigeunn siliszuudl
mnuiaties muuiedyyrasunuluaniwnadenadmeseueudlnindsdidyymsuniu
yautindnlilngs uenanil doyaiisuiuain BMS Wy usey, nsvua, gaungl Lilideya
fifiosnismssuinnlusedululasiui (us) Mssdiamdeyayne 100-500 fadunit (ms) fe
TiflsswesionismsaanuLazuandHa ey S0 125 kbps Jufissneronudonisves
s¥UU waviiuauanesud Ay

3.23  nseanuuulassainedaya uazaduaziden

Tumseenuuuszuudl Aensulasteyanmanisnm defndamedoy 1wy

79.35 V, 27.8 °C Iidudoyaddviaiauduiudy iodsinuaietns CAN Bus vum 8 lud

Ya v

Aideddlasanuuulassaiidoyalaedmun anuazduafidnLau



46
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mseenwuuiliianudidyed1adsdunseSuienuuansisveafinanina
Tu unil 4 TngarweameLadeuiiusng W ssuvsuluuLansan 79 V lurngiiueundindu
JK BMS uansan 79.35 V 1 lailgmnufanarslunisdedoya witdu anuuansnadiuaim
aziualunisuanina deszuudunuy gnesnuuulianswaiduavduudy ieadny
Farauluniseuen wiindoyadifu-deiu CAN Bus axlimnuazidoagsin
swazduanisoonuuuisideyauarawanBen S8
1) CAN ID: 0x355 (Jos/aanugmin)
Byte 0-1: @01U¥N159153
Juluu: 16-bit (Little-Endian)
APIUALLDEN: 1 %
429A7: 0 - 100
Frogne: Arfteld 84% wansAnu 84%
2) CAN ID: 0x356 (Yeyan1sing)
Byte 0-1: LIFUTIULUALADT
JUluU: 16-bit (Little-Endian)
AINALLDEN : 1V
frog: Arenild 79.35 V uansaudu 79 v
Byte 2-3: nTeLbdTId
JUluU: 16-bit (Little-Endian)
AMIUAZLDEN: 1 A
foge: Arfendld 10.40 A uansandu 10 A
Byte d-5: 9aunQIlLUALADS
JUlUU: 16-bit (Little-Endian)
ANUAZOEA: 1 °C
fog: friele 27.2 °C uansaniu 27 °C
3.2.4 NM999NLUUNITTONADITENI19 CAN Transceiver Aululasaaulnsaiaad
Tursasfieanuuudnisifiudidiuniu aun 4.7 kQ W@eusoseninen CAN
RX 984 TJA1051 uaza GPIO22 vee ESP32 wieviwihiidusfadyana (pull-up) Yoy
lilindunpveshilasnoulnsaiaosass e TIAL051 felaiGuviem Snedtapandana
sunuvazuteya uardrdnnszuaifleifinanniziaund nsidenan 4.7 ke WWurfiauga
syimnuaissvesdyanauazeaiilunisieans laghinssnusodnnisdadoyaves
U CAN svai msmasunmissadmumulilngun EsP32 daelvinssudyaadaiuiiuazan
HansENUNdygIusunuldegiiuTEaNS AN
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3.3 NIETNAULUULAYINRTISS

nuuuitldeenuuuuasdavintu §3deldnandunuuikuisasiias (Prototype PCB)
waghnstinnigunsaldidnnsedindasuuikursasnuiiesnuuuly weldlunsmaaeunis
INUTBITEUUIT nTrUIUNIienatieiiaunsanTiaeuaugnAes Ussansnn uaz
AnssnzasvessasieuilUlduluszuuads dauandugui 3.2

PN Y A v X a
Ecl_JVl 3.2 NIWATAULUUNAT VU

lnusandanvetgunsainldluniseaniuuasiausyuy wanliluansa
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P37 3.1 TaziBunvesgunsainldluaide

a9 Fogunsn] ERBGETR
1 ESP32 Microcontroller (Espressif lulpspoulnsalaesvand sy
Systems) Ussananauazidousonisdoans
2 DC-DC Step-down Converter (Buck Ttulasussiuluiranunasangli
Converter) LANNZENAUINDT
3 TJA1051 CAN Transceiver lugauvasdyaaudmsunis
deanswiuda CAN
4 Fuse (Overcurrent Protection Device) | aunsaifasriunssualniiniuly
YUY
5 CAN Bus Communication Port wasnamunsieusouazsuds
Uoyan1usEuU CAN
6 BMS Communication Port wesnamiudausefusTUUSANS
LUARES

3.4 NMSWAILISEUY

Tusuneunsimunszuy §aeldTulusunsudmiumuaunssudeyanin JK BMS
wazdaradoyan1ulusinaea CANopen Weldlunisuanuaaifidnday Teun wsssuld
nasudlaifi gmnfl waran uENTTILUAAET TBIUUAINDIULMTTENARHA TlFTNNg
N szuuwanaateyaLuusvalnivumteduda lnveenuuulvideyaiimnudaau 81u
d1e wagarusadrluldlunisnsiraevaniugnisvinauvesssuulaegeazainuasl
Usgdndnm

3.5  msvedeuuazUsziliuna

mMsnaaeUsEUUYsulUTinsasisasunugnFskazstansnmuesnisieans
suluslanon CANopen TngUssidusisdnuaiiuwsiug aadeslunisdsdoya uas
ANugndesreInIsuaniNauuniveteines BnsUssiliunavilaensiouiisudoyad
larnnisnaaeululusunsu PCAN-View fudeyaainuauniiadu JK BMS %‘:ﬁauam%
Wisuiteudszneumisussiulitin nszudlih gamagl LLauﬁﬂ’muﬂ’]i“lﬂif\]LLUﬁ]Lﬁ]@i il
NNuweslusEUULUAADS NSEUILNTNAGBULEHIINATTDNADIIATMAABITENINS BMS
fulUsunss PCAN-View fauansluzudl 3.3 aanduldvinistiufindoyafiuanimaain PCAN-
View #s3Ufl 3.4 uazthdeyadsnanluiisuiiisufumildanueundiadu JK BMS fagui
3.5 LilonsrdeunudenndowasUssiiiumnugniosesssuuiiaundy
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JUT 3.3 N1510NADINATNAABUTENINTEUUIAMIWUANDT AUlUsLATU PCAN-View

[ PCAN-View

File CAN Edit Transmit View Trace Window -
SHIS R s % 0

B Trace  *&* PCAN-USB

Q Receive / Transmit

Data

O CAN-ID
355h 8 5000 64 00 54 24 EB 00
356h 8 50 00 0500 1A00 00 00

SUN 3.4 TUsunsU PCAN-View



50

= TIME: 23D21H49MES

Charge: ON Discharge: ON Balance: ON

Battery Power: 7.6 Ave. Cell Volt.: 4 .81t
Battery Capacity: 25.@ Cell Volt. Diff.; ©.a14
Remain Capacity: 23.3" Balance Curr.:

Remain Battery: MOS Temp.:
Cycle Count: @
Cycle Capacity: 2.4
Time Emerg.
Time Enter Sleep

4.017" 68 -
a9/
18 £
11 4
12
13

14

0.063"

)

Settings Gontrol

U7 3.5 woundiadu JK BMS

3.6  MswUadnaaugIu 16 3ntusensu PCAN-View tdugiu 10

CAN ID: 0x355

Tunsnaaeuszuudeassituluslnaea CAN Sududosiinisnsaaeuaugnees
v037ayad b $Ua1n1UTUNTN PCAN-View Tagn13udasn /2189910 1avgIu 16
(Hexadecimal: HEX) luidu 1avg 1y 10 (Decimal: DEC) i elfanunsntiluiTeuiisuiu
AfilansraInLeUnNaRTy JK BMS Ieethedman aannsvagaunudn CAN ID: 0x355 Byte
7l 0-1 mudioyaangud 3.4 e Data = 005D (HEX) WlevhAndsnanluudanduaugiu 10
erdosdniavlulvun Programmer axlden 93 (DEC) fauandluguil 3.6



51

¥ Calculator

Programmer

U7 3.6 MsuUasAdaavgu 16 “005D” Wusavgiu 10 felusunsy Calculator

Tulve Programmer

M157197 3.2 CAN ID: 0x355

Byte Value | Value | Afiuanemaann
Parameter Unit
Number (HEX) (DEQ) JK BMS
0-1 State of Charge | 0x005D 93 % 93%

A151991 3.2 WA oS AdeHIY CAN ID: 0x355 Tne Byte 71 0-1 Tunuen
anumsalvavesuunnes dsndeyanisnaaeunuindiainty 93% uazilewSeuiiioy
AunANSLANIANRINLEUNELATY JK BMS Ul 3.5 Wuinilan Remain Battery iy 93%
ety wandidiudsanugniosuazeuaenadesuassuuiiianniy

3.7 mswdagaaaugiy 16 3nlusunsu PCAN-View tlugiu 10

CAN ID: 0x356

91NMINAGDU WU CAN ID: 0x356 Byte 71 0-1 auidioyaainguil 3.4 fid1 Data =
0050 (HEX) Wlothendsnanluutaaduavsiu 10 feiniesdnianlulymn Programmer ag
I¢id 80 (DEC) flauandlugudl 3.7 mumsnadt 3.3 A CAN ID: 0x356 Byte 71 0-1 gnrinvunlyt
WNUA1 Battery Terminal Voltage 3 ousefulni15uvesuunne 4 amu1eninudi
wssuliihdildainnisudasiidwmindu 80 x 1V = 80V WleiSsuifiguiunanisuaniaiain
woUwALATY JK BMS fs3uUil 3.5 nuindussfuliliisuvesnunneiduaninade 80V 3
psafunnUsems wansnugniesiaraudonadesessEUUTIiANTY
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uen9IN# 91ndoya Byte 7l 2-3 wudndien Data = 0005 (HEX) Faifleviluuaadu
@ugu 10 leien 5 (DEC) Tnsinualiunuan Total Pack Current n3ansswalninsiuves
wunnes daumiildFaniniu 5 x 1A = 5A WenBsuifisuiudeyaainueundiadu JK BMS
wuAnseugliinsudfalndiAsstu fauandugud 3.8
Tuduves Byte i 4-5 fiein Data = 001A (HEX) auil ot luudaadutavgiu 10 16dn 26
(DEC) TngunuAn Battery Temperature vi3agamniiveauunnes 3sldgumgivesuunine’
Wiy 26 °C wazid oiTouifisududoyadi UsinguuueUndiadu JK BMS wuinfiaam
aonAdosriu Buduismnugniesesnisnensiateyaan CAN bus fauandusuil 3.9

B calculator

= Programmer

U7 3.7 msulasarsatavgu 16 “0050” iudiaugiu 10 selusunsu Calculator
Tulvue Programmer

Calculator

Programmer

JU7 3.8 nsudasediaugiu 16 “0005” Wudiaugiu 10 faelusunsu Calculator
Tulvue Programmer
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¥ Calculator

= Programmer

U 3.9 msulasendalavgu 16 “001A” Wusaavgiu 10 Melusunsu Calculator
Tulvun Programmer

M19797 3.3 CAN ID: 0x356

Byte Value | Value | efiuanemaann
Parameter Unit
Number (HEX) (DEQ) JK BMS

Battery Terminal

0-1 0x0050 80 v 80.31V
Voltage
Total Pack

2-3 0x0005 5 A 52A
Current
Battery

4-5 0x001A 26 N 26.05 °C
Temperature

M19999 3.3 WARIAINITITLADS T Ak CAN ID: 0x356 Laun Battery Terminal
Voltage, Total Pack Current Wag Battery Temperature %’fqlé’aﬁﬂﬂﬂiaamiﬁ’a%’agaQWﬂ
aagudunn Tiduavgiudu mﬂNamauf%smLﬁauﬁuﬁwﬁﬂmngluLLaUWSLﬂ%’u JK BMS
wumdemulndidgeiuegisnn 1wy aussuliiihsigeinnisasnsiarintu 80 V ausd
JK BMS wansnatdu 80.31 V druminssualiiisasainmsaensiasiiiu 5 A aasil K BMS
wansnailu 5.2 A uavAgamgiannnisaensiawintu 26 °C dlawfieuiu JK BMS fiuanina
26.05 °C wan1siUseuiisudinanasviouliiiudaniiugndes Auaenad ot wazAIy
U defievesszuvdeaisinu CANopen i
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3.8 38msiusiusiudaya (Data Collection)
Foyanltlunsuszifiusuuldinanassuvaman 1dun msmaasunisdeatsain
BMS sinulusunsy PCAN-View lagld PCAN-USB Adapter waznisiSeuisufiudeyaann
woUnaLAd JK BMS fivimiildur1é1s8s (Reference Value)
381 Weulvmaiudeya
1) vimsvaseuiluaniisaniauasaneUseq
2) ATEUARLYI SOC aus 25-100%
3) Suiindmaaoudlaiiesndt 3 sou ileriunrunindede

39 &3

unil 3 IddaueduneuniseonuuuLasTALIB S AL LAz TaNdLaS TaeLiunis
onuUUITTRTiunNETes Wy sty fdumunasy 4.7ke fiv1 CAN_RX iiletesiu
an1rasy AluAnuNsesuewswalunsiienldlusinaea CAN Standard Frame (11-bit)
wazdnsImsasdioya 125 kops Mfumnuidedie nasnaunisesnuuulasaiisdoya (CAN
ID 0x355, 0x356) fifin1smun ArwasBeniidaau Finseenuuuildenngiuiiofgad
Tuundaludn euusndsvasefiusngseninsssuuduLuuLaskoUnaiady JK BMS Hu
lildanuianain usidunaunan amnuazidealunisuansua Mf3doadasenuuuliviae
Funvunansanduarinnufiionadauluniss
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NANISANET LAZN15IATIZHNE

4.1 umi

nsfnuildfidumsoonuuuuazaisiuuuusaTuiingliluund 3 neass
Funvuiiiautuasarauldesauysikasdousofussuudnmanunnes dunes
UART wlevhnswdasdayanandulsinnea CAN LLazﬁaﬁﬁayjaMé’wﬂ’mLLamwammﬁﬁmum
LLNGN‘\]iﬁNWQﬂNﬁ@ﬁ%EJﬂiBU’Jumiﬁﬂa’lEJVIENLLGNLLazaﬁﬁz\‘iQUﬂiiﬁaﬁﬂ%i@ﬁﬂﬁﬁ’]mwwﬁ
ponuuUdaslUsunTa EasyEDA nevdsnisindsguniaiuasidoulusunsuaiuay wiae
wanraasawanstoyad1Anain BMS 1 loud Aussdulndn nssualnin gaumall was
a0ugn15919auunne3 luunl avdnauenanimaaeuil ofudu Augniesvas
nszuUILNsAsTeya (Data Transmission) lagiussuiisudeyafiu (Raw Data) Adnduldan
TUsunsy PCAN-View fud1d1s89a1nuaundiadu JK BMS uonand ssiiauenanis
Wisuieua? uanamauumaesuLuy feazuandifiuiieuuandaesiiivang wu
nsuanswaLduwarsnuiy du sepedoaniunauainmseonuuy mnuesdenluns
waaana (Display Resolution) kazn1sUaiae (Rounding) mamwmau“ﬂmswﬁqaﬁdﬁ
szuuunuLTiiaundauaiies annsaUszanana dnguuu wardsteyaldegsindotio
Taglinuauairidmansgnusdensnaaey

4.2 WaNIIHINTEUUAULUY

MNnszUILNMIERNUUUNasNaRTlFeS U LA TuUNA 3 fAidpamTaaisfuluyles
P3efiaunsodeurafuszuuTaNITLUMAES NIUNesH UART wazvinisulasdyaiondu
Tuslnnea CAN iladadeyaludmihsuanimalddnda wivsashanindnmeisinarenesuns
uazdinisfinsagunsnididnnntindmuiaisasfiesnuuudaelusunsy EasyEDA fauanslugy
7l 4.1 dednfunsfiedegunsniuazndeulsunsumunuiaiafu MisuanNaaNIT0LANS
Adeyaddnyanszuuianisuunnesleogisgndes liud Aussiulwiin dnszualsiii dn
QUQI UAYANTUEANIVITIUALADS
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a

JUT 4.1 W19 s UG

= & i a ed a X 4o Y a & ca & a =

NNUN 4.1 1 TuisRsiuiingaduase nieuinnagunsaldiannsetindmuuuui

pankuualelUsunTy EasyEDA Feldlunisliousiowasd oansteyaseninassuuinnis
WURLADI UM ILUARING

4.3 Namswmaaumsﬁami%gamu CANopen

iiefudurnugniesvesdeyaiiusnguumiheuansua §3deliinsmaasussuy
TniFeuifisuteyaanaiuuvas leun TUsunsu PCAN-View wouwdiadi JK BMS uagendi
USINJUUVLIBLARINATDITZUUFLLUY NANTNAFDUNUIIATILEASULILIELANINAT A1
aonndastudoyadilfanisaosumnddrads lanadildarnlusunsu PCAN-View (U7l 4.2)
Fudugdenihnisuasainiasgrudunn Tu CAN 1D Tiduavguduneu Jeaglidfinsedy
AN UTINgUUMINBLARING Yz Teya ke UNALATY JK BMS (3UT 4.3) anunsald
Wisuifleuldlnenss fegramsudasteyasdauandlumsisi 4.1
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M1597 4.1 fegransuuasatoya CAN Bus U835¥UUTANITUUALALDS 3N PCAN-View

FNSUARINATI
Anfildann " o
. AvwUaala ALEnI Y
(HEX) (DEO) JK BMS
A0NULNNTVISD
0x355 0-1 0054 84 § 84 %
WURLADS (%)
AUSITULUALADS
0x356 0-1 004F 79 79.35V
)
ANNTEWATINYDY
0x356 2-3 000A 10 o 10 A
LURLADS (A)
ANRNANL
0x356 a-5 001B 27 gl 27.8 °C
wunLas (°C)
[E4 PCAN-View
File CAN Edit Transmit View Trace Window Help
FPEIS K« 7101 2 Q3 ¢

_@_ Receive / Transmit & PCAN-USE

O CAN-ID Type Length Data

35Eh 50 59 4C 4F 4E 20 2020
359h 00 00 00 00 09,00 00 00
351h 73 46 E5.00 BO 04 3A02
355h 5400 64 00 DO 20 D2 00
356h 4F 00 0A 00 1B 00 00 00
35Ch 0 00

070h 1B 00 1B 00 04 00 03 00
371h 01 00 02 00 06 00 14 00
37%h 19 00 00 00 00 00 00 00

W Trace

w o o fafe oo e

Receive

U7 4.2 degnanthaslusinga PCAN-View flansdnain CAN ID 0x355 uag 0x356
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31n3UN 4.2 fegramtinaslusunsy PCAN-View lglunisnsisaeuritayainn
wlsd CAN ID 0x355 uaz 0x356 lagazuaniardayalusuuuuiargiudunn 3eieeiinig
wUaaduavguduiieliiuSoudisuiuafiusinguumie LanINavedssuUUALLUY

— TIME: 168D3H44M17S
Charge: ON Discharge: ON Balance: ON

79.35' | 10.0

Battery Power: Ave. Cell Volt.: 3.967

Battery Capacity: 25. Cell Volt. Diff.: ©.112
Remain Canacity: 21 ¢ Balance Curr.: -¢
Remain Battery: 84 MOS Temp.: 3

Cycle Count: Battery T1: 27.¢
Cycle Capacity: 0.0 Batterv T2: 27
Time Emerg.: © Detail Logs Count: 236
Time Enter Sleep:
Modify PWD. in time
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dAtyAsll anunsasudeyaatnsruuianswunweslauuuiiealynyd Mskanawaianudaay
wardenndasiuAIRTIAnTulusYUY wavdanuaunsalunssessunsveeraludiseuy
AIVANEY 9 HuN1sFRaTARelUsInAaa CAN

4.6  dpINNAVDITTUULALNTATIUUTIADINANAAIEAT
whhssuudusuuiinmuTusssandiiiiuiinnudiSalumsinuiesiinuates
meldannznslinuiinannvans uidmedifesiafinasfiansan &l
1) anuaissvesnisdeansendanadleldaredaymins CAN bus fifiarseisnn
Vi%LﬁaéfaqﬁwmuiuamwLLamﬁauﬁﬁﬁmigwmﬁUﬂauwwaLL@Jmﬁﬂ"LV\Iﬁ']qﬂ F9919
nelviinAua1dmTon sgayevestoyala
2) nisesnuuuszuuaukuulutagdudilidnisdesdunnuiounaznisdesiu
Fuarasuniunulmdnlnin 4199 ued 198 sronisldauasaly
ANTNLINADNVDILTULUA
3) MseenkULLaznIIAauUASIdEatusuuTansLUmmeT BT uien UK
BMS) mahluldeuiugunsaind eded ueradududesusuuinisimundn
[N
uanani sruudunuulutiagiudlinisnensifadonnu CAN wuuLsnAL S
Tnemss wardaldldfinsUszgndldunuasmndamanstugdumssadudmnivnes
YBIUUALADT F20871917 1 NMTUTTUIUAIANIULNITUIT IUALAUNINUVBILUALADT A28
§ane3iu Kalman Filter w3935nsiBsfaviidiuszansnmgandt Jagduszuuldifieanis
AwInwuukUaudadu (Linear Conversion) 9 nA1tayaiavgudunnluiluaimnisiines
934 Ingendvaunisnisuivaina aslansluannis (4-1)-(4-4)

SOC = HEX,, , x100% (4-1)
V. =HEX, x1V (a-2)
1,.,=HEX, x14 (4-3)

Temp,,= HEX, x1°C (4-4)

Inei
SOC  fD @0TUENNIVITIUUALADT
HEX, , fio avgu 16 Tuduvis Byted 0-1

HEX, , #o tavg1u 16 Tushuwis Bytedt 2-3
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HEX, , A9 a3 16 lusiuvius Bytel 4-5
Vo AD ALIINULUNLADS
I AD ANTLLATINVDILURLHDS
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Temp,,, Ao AQUNYILUALADS
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1) esudliihvieanawesiihdunusiniidesinduitufuazsuyssina
2) LLwaMWa'ﬁma]aiuummmawsauawgummﬁ iieldlunnsiFouduaiaun
AwiAeriumsaoansiin CAN waemsinsissiminesvaaunine’
3) aanddudsununne’ dedesnsuansdeyaussiulidin anuznnsusa uas
gaumpiuuuGealnsiiieifiuanudasnsi
4) szuudniAundanuradnuentasaieliiiin vieszuundsnunaseiing Lie
THuanwuaztufindeyavesuunine’
shenuatRvesszuuiuuuudianazanansauivvensls Saanunsnideudeiuing
e 0T WiesesiunisnvasunazmMsthsssnwdsninnisal (Predictive Maintenance) ¢
Tuounam il wndnisiasuansnstestuduginsuniudiinidiy svuudanandaninse
Uszgnaltliluseudliihanadnvsesndendvdfidesnsnnniigeiegasuiy
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2) waasuAUNUNILYesszULluan nIIAd aNa3 9T T FYYIATUAIUNI
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3) Uszgndlduuudassmsndamaniniomaianisisousveaaies (Machine
Learning) il ot uA KA UE TUASAUINEAILEAITVITD LALFUN MY
LuALAe3
4) Ufuugsdnindedld (Graphical User Interface: GUN Tsldanudnsduuagsossy
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5) iums@eurenuuldans Wesessun1svausiniu loT wagssuurasdIvmsy
nMyATgideyawazuIsianseusudlnihuuuSealngd
wonani szuusunuusldriunisneaeunisidnussdususudlninuuy ATV 3
Dusegrenisldemuluiiufisuunieanimundeuuenauy nanisnadeus uduinssuui
YWIANLTAsh aunsasudiayaliegraaies wazlinnuwunzaudenisidauluinanviesy
guguA g nsunsIsensensineusulang19liusEANS AN
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4.9 N13IAINISUAUNU

= a a a v a s =2 = Y I3

L‘W@‘UiuLmuﬂiuﬁVIﬁﬂWW%@QiuUUG]‘LILLUUS[,‘L!LSUQLﬁiiﬁ%ﬁ?ﬁ@]i wﬂwuﬂmmﬂsumﬂ
nénveauIdei Wsimsdavhmsadssudisusiuunasdasyring 2 aounisel il

anunsaifl 1 szuuidended madatioszuudanisuuaned fisessunmsdeansiinu
LUslamaa CAN 1nl59UlHERlnenTS

A01UNTITAIN 2 STUUAULUUNWALITY SYUUTANITWUALADS JUTLIT895U CAN
SiUsRauYulunwIdel

M15199 4.2 uananswIsuiisuiuuuesdiuUsenaunantunsaesaniunisal (5100
WuselaeUszanas a Juii19 a.a. 68)

= ~ a v
H1519N 4.2 WW?WQLU?EJUW]EJ‘UG]UVJ‘U

Sy N "‘m":“"fﬂfﬁ 1 33““:%“ #01uN5alA 2 STy
widlvd (1 CAN Tudd) | gyuuuiiamunie

STUUTANISLURADS 6,092 2,750
ESP32 Microcontroller - 158
TJA1051 CAN Transceiver - 45
WHAU9ATAUN (PCB) LLazﬁauUszﬂauﬁuq - 500
ASSIUNTUIZNOULAENIAABUTE UL - 500
FAFUYUsenNYIY (UN) 6,092 3,953

daunauu 2,139

Wasiusinisansiunu 35.11%
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MnNNTIATeiteyalun1sedl 4.2 wud1 ssuufuuuiiRaudy Sfuyusause
vieegd 3,953 v luvaisfissuu@endudfiiileddu CAN Tush fisiangedis 6,092 um

faifu szuviivaundulunuidedannse andunuadldfe 2,139 v vieAndu
35.11% \loifisutunisdndeszuudanded dadunsduduiinisidedamnsausig
Inquszasddor 3 Tumsansunumsiamunszuuldedieiifoddry

a 'S 1
4.10 ﬂqiqtﬂﬁqgﬁﬂﬂquﬂau‘lﬁﬂ
nIATIERAUBeuln (Sensitivity Analysis) lngd1aadanun1saiAunuIINYes
Y ¢ )~ 1Y) A X« o o PN
STUUAULUU (@01UNT8I7 2) TAUAURIULALTUNS 0aAaY 15% HAdWSAINITINN 4.3

M50 4.3 MFIATIeRALeaulIveIiunY

daunisaldnaes T;q?::z:;j u,;fizsu A ”;Z:Sﬂ
ﬂiiﬁﬁ’]u (Base Case) 6,092.00 3,953.00 2,139.00 35.11%
A: CEIJUWUL?\IIEJ 15% 6,092.00 4,545.95 1,546.05 25.38%
B: éfﬂ‘ﬂﬁﬁﬂ 15% 6,092.00 3,360.05 2,7131.95 44.84%

MnMsiesesiauseulm wuiwslunsdfidunuresssufununifingadu 15%
szuuiianfdasdidunuiiiininssuuBandudegnsdniou Tnefinsenansaanduyulédds
25.38%

FeasUlduumanmsianifenuduAmnaesuganan s sagnuvusean Ly
puesTIAuALLarAussluRan
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4.11 &gl
Tuundl 4 dausNan1INAFRULALILATIETTEUUAULUUN WAIIT Y tnedveasy

v = a '3

d1fny 2 Usen1smdn 151910 N1TIATIERAUY (e 4.2) Baiigad

Y
= v a

3,953 UIM) @117150 aARuUNULARTET 35.11% LilaiiguiuTeuulganalye (Funu 6,092
U) BATNANITIATIENAUBOULND (11579 4.3) §e8uuinseuudinamuAuaAILAuY LY

FITLUUAUBUY (Funu

Fudruasduniu +/- 15% Usynsiidesiie Msinseiussansnim (Fade 4.3) Sawanis
NAFoU 3 SoUM T (5UT 4.3) 18Tuduin nszuiumsdadeya femgnéies ades uaz
Ldnunisgaymnevestaya TngUssiiuddnyiian (Wade 4.3.1) fen1stuasindnuay nsl
futula wieriinansmaduavsiuaudy (wu 79 v) du ldldanufanata (Error) uadu
walaBAs191n ANazLBenlunsuanina figidelsadasenuuuliluund 3 uslseuuesd
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fisst Fre3snstaaneneuns wieufndguniaidifnnseindasuduauuadsiisine
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AU
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Abstract

The increasing adoption of electric vehicles (EVs) presents a growing demand for efficient,
real-time battery monitoring systems. Many existing Battery Management Systems (BMS)
with built-in Controller Area Network (CAN) communication are often expensive or lack
user-friendly interfaces for displaying data. Moreover, integrating such BMS units with
standard Human-Machine Interface (HMI) displays remains a challenge in cost-sensitive
applications. This article presents the design and development of an interface for integrating
the BMS of electric vehicles with the ATD3.5-S3 display using the CANopen protocol. The
system enables the real-time visualization of essential battery parameters, including voltage,
current, temperature, and state of charge (SOC) percentage. The proposed system utilizes a
JK BMS, an ESP32 microcontroller, and a TJA1051 CAN transceiver to convert UART data
into CAN Open messages. The design emphasizes affordability, modular communication,
and usability in EV applications. Testing under various load conditions confirms the
system’s stability, reliability, and suitability for practical use in electric vehicles.

Keywords: battery management system; CANopen; display

1. Introduction

EVs have become increasingly popular as a sustainable solution to reduce greenhouse
gas emissions and dependence on fossil fuels [1,2]. At the core of EV performance is
the BMS, which ensures safe and efficient battery operation [3,4]. A major challenge in
EV development lies in implementing cost-effective and reliable systems for real-time
battery data visualization and communication [5,6]. This study presents the development
of a low-cost and modular BMS interface using CANopen communication for use in EV
applications [7,8].

Literature Review

Numerous studies have addressed the integration of BMS with various communication
protocols [3,5,9]. Traditional BMS solutions typically utilize CAN communication but lack
compatibility with modern graphical user interfaces (GUISs) [6,7]. Some commercial systems
offer high integration but come at a significant cost, limiting their feasibility for low-budget
EV projects [1,4]. Research has also explored protocols such as Modbus and UART-based
communication [6,9,10], though these often require custom development and are not
modular [8]. However, most existing solutions do not focus on low-cost, open-source
implementations that integrate easily with HMI displays like the ATD3.5-S3 [11,12].

World Electr. Veh. |. 2025, 16, 375
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Despite advances in BMS communication, few studies address the need for an afford-
able, open, and flexible system that supports real-time visualization using standard HMI
hardware [8,13]. Existing commercial options are either costly or closed-source, making
them difficult to adapt for educational, prototyping, or budget-sensitive projects [1,3]. More-
over, CANopen—though widely used in industrial automation—remains underexplored
in EV BMS display applications [7,11].

This study introduces a CANopen-based communication interface between a JK BMS
and an ATD3.5-S3 touch display using an ESP32 microcontroller [8,12,14]. The novelty lies
in the implementation of a low-cost, open-source solution that bridges UART-to-CANopen
conversion for real-time battery parameter monitoring [7,10,11]. This modular design
facilitates easy integration, scalability, and cost-efficiency, making it highly suitable for
academic research and small-scale EV development [5,15].

2. CAN Communication Between BMS and Display Units

CAN Communication Between BMS and Display Units Communication between
a BMS and an HMI display through the CAN protocol has become a key approach in
modern EV architectures [1,6,16]. This method enables real-time monitoring and visual-
ization of critical battery parameters, such as voltage, current, temperature, and state of
charge [5,7,17]. CAN's robustness in data transmission, coupled with its noise immunity
and arbitration mechanisms, ensures the reliability and accuracy of information exchanged
between the BMS and the display unit [9,18]. By employing CAN transceivers—such as
the TJA1051 module—and microcontrollers like the ESP32 [10,19,20], data can be retrieved
from BMS devices via UART [10,14,19] and subsequently transmitted to the display using
standardized CAN frames [6,21]. This architecture not only enhances system integration
but also reduces communication latency and increases diagnostic capabilities [9,18], making
it an effective solution for EV battery monitoring systems [19,22].

21. CAN

The CAN is a digital communication protocol originally developed for use in automo-
tive systems and has since been widely adopted in industrial and medical applications. It
enables communication between ECUs [9,21] without the need for a centralized controller,
allowing each node within the network to communicate independently. CAN is known
for being dependable, strong, and effective at handling real-time data [9,18], making it
suitable for applications requiring high accuracy and stability, such as automotive control
systems [9,21], industrial automation, and critical medical devices [18].

2.2. CANopen

CANopen is a communication protocol developed on the foundation of CAN to sup-
port automation control, particularly within industrial domains such as manufacturing
systems, robotics, and medical devices [7]. It is designed to be highly flexible and eas-
ily extensible, enabling efficient communication between devices within a network [18].
CANopen includes specialized control functions such as parameter configuration and
device status monitoring, enhancing the usability of CAN-based systems in complex and
scalable applications [21].

Although traditional CAN is sufficient for simple EV battery systems with limited
nodes and custom message formats, it lacks standardization at higher layers, which can
lead to integration issues across devices from different vendors [18,21]. CANopen, by
extending the CAN protocol with standardized communication profiles, offers enhanced
interoperability, structured data handling through Object Dictionaries, and built-in support
for diagnostics, synchronizalinn, and real-time communication via Process Data Objects
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(PDOs) and Service Data Objects (SDOs) [7,11]. These features make CANopen more
suitable for complex, modular EV systems where safety, performance monitoring, and
multi-device coordination are critical [8,11]. However, it introduces greater complexity
and may not be ideal for resource-constrained systems [9]. Therefore, the choice between
CAN and CANopen should depend on system requirements for scalability, diagnostics,
and vendor interoperability [11,21].

2.3. PCAN-USB

The PCAN-USB is a hardware interface device that enables the connection between a
CAN and a computer via a USB port [9,18]. It functions as a signal converter, allowing users
to monitor, analyze, and interact with data transmitted over a CAN bus [9,21]. This device
is particularly valuable in automotive development environments or any applications
requiring CAN-based communication [9,18], as shown in Figure 1.

Figure 1. PCAN-USB [23].

2.3.1. D-Sub Pin Configuration

The PCAN-USB device employs a 9-pin D-Sub connector to facilitate CAN commu-
nication. The standard pin assignment is detailed in Table 1 and typically adheres to the
layout specified by the manufacturer, as shown in Figure 2.

Table 1. PCAN-USB D-Sub pin assignment [23].

Pin Connection Type

Not connected /optional + 5V
CAN-L
GND
GND
CAN-H
Not connected foptional + 5V

N WM =

6] L9
Figure 2. PCAN-USB D-Sub pin layout [23].

2.3.2. Key Features of PCAN-USB

The device connects directly to a computer or laptop via a USB interface, allowing
easy integration with analysis and diagnostic software. The PCAN-USB also allows direct
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communication with CAN-based systems, including reading sensor data and sending
control messages to other devices on the CAN network.

2.4. Lithium-Ion Battery with Nickel Manganese Cobalt Oxide (NMC)

NMC lithium-ion batteries are a class of rechargeable batteries that combine lithium
with nickel, manganese, and cobalt (LINIMnCoO;) as cathode materials [24,25]. This
formulation provides a well-balanced combination of high energy density, safety, and
operational versatility [24,26], making NMC batteries highly suitable for applications that
demand high performance, particularly EVs [8,24] and energy storage systems (ESS) [27].

2.5. Lithium Battery Pack Assembly

The assembly of lithium battery packs is essential for ensuring the safety, reliability,
and performance of energy storage systems [27,28]. It involves configuring multiple cells
in series or parallel to meet voltage and capacity requirements [25], integrating a BMS for
monitoring and protection [18,25,28], as shown in Figure 3, and using protective materials
to prevent potential hazards. Effective thermal management is crucial for dissipating heat
and maintaining performance, while a robust mechanical structure with durable enclosures
ensures physical protection [15,28].

Figure 3. Lithium battery pack assembly.

In this study, 20 lithium-ion cells (3.7 V, 25 Ah) were connected in series. The total
voltage and capacity of the battery pack are calculated using the following equations:

Viotal = N X Voot 1)

Ctotal = Ccell (2)

‘where

Vot is the total voltage of the battery pack;

Ciorar is the total capacity of the battery pack;
N is the number of cells connected in series;
Ven is the voltage of a single cell;

C_pr is the capacity of a single cell.
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2.6. BMS

A BMS is an essential component designed to monitor, regulate, and optimize the
performance of rechargeable batteries, especially lithium-ion types that require precise
control due to their electrochemical complexity [1,3,22]. The BMS performs several core
functions, including monitoring cell voltage and temperature to prevent overcharging,
overheating, and thermal runaway; managing current flow to avoid overcurrent damage;
and balancing cell voltages to ensure consistent performance and maximize battery lifes-
pan [4,17]. It also detects faults and alerts users to abnormal conditions while activating
protective measures to prevent failure [4,18]. Key components of a BMS include sensors
for real-time monitoring [5,29], a microcontroller unit (MCU) for processing data and ex-
ecuting control strategies [14,20], and balancing circuitry to maintain voltage uniformity
across cells [4,22,25]. The BMS offers significant benefits, such as enhanced safety, extended
battery life, and improved overall performance [1,4,16]. Its applications span a wide range
of industries, including EVs [2,3], where it supports stable and efficient operation, and
ESS [17,27] that rely on renewable sources like solar and wind. In conclusion, BMS is a
critical technology that ensures the safe, reliable, and efficient use of lithium-ion batteries
in modern energy and mobility solutions [1,2,4].

2.7. JK BMS (}fKoug Battery W}!ﬂgement System}

JK BMS, or the JiKong Battery Management System, is a widely used BMS solution
designed for various energy applications [14,22], particularly in EVs [2] and ESS [17], where
reliability and efficient power management are essential [22], as shown in Figure 4. JK BMS
is recognized for offering comprehensive features for monitoring and managing lithium-
ion batteries [14,29] while also demonstrating robust compatibility with other electronic
systems [21].

(Nee castomizanon)
cangus

-
b ‘B,Lm,r:m (Need customization)
(BY detaum Heat Function

(290 F T

= i ces Y g T

oND’ CaN K eAN_L

OND RX TEVEE K. KeOND B A VEC

(b)
Figure 4. (a) JK BMS; (b) interface ports of JK BMS Module [30].

While the JK BMS is chosen in this study due to its affordability and functionality, itis
essential to recognize that other low-cost alternatives, such as the LTT BMS and SmartBMS,
also exist. However, the JK BMS offers specific technical advantages that align well with the
goals of this study [14,22,30]. For instance, it provides a highly stable UART communication
protocol that can be adapted to CAN through hardware-level conversion (e.g., using the
TJA1051 transceiver) [14,21,31], whereas some other budget BMS options may lack detailed
documentation or support for communication scalability [29].




99

World Electr. Veh. . 2025, 16, 375

60f19

2.8. UART

UART is a serial communication protocol used for data transmission between two
devices, such as a microcontroller and a sensor or computer [18]. It operates asynchronously,
without requiring an external clock, using two primary lines: TX (Transmit) and RX
(Receive). Data transmission involves a structure with a start bit, data bits, an optional parity
bit, and stop bits, with the sender and receiver agreeing on a baud rate for synchronization.
UART supports various operation modes, including simplex, half-duplex, and full-duplex,
and is commonly used in microcontrollers [14,20], computer interfaces, and embedded
systems like BMS [5,22] and electric vehicles [2,10]. It offers advantages such as simplicity,
low cost, and full-duplex communication, but it has limitations, including lower speed
compared to other protocols like SPT and 12C, as well as limited multi-device support.

2.9. TJA1051 Transceiver Module

The TJA1051 is a CAN transceiver module designed to interface CAN systems with
external embedded devices [21]. This device is manufactured by NXP Semiconductors,
which is headquartered in Eindhoven, The Netherlands. It is widely utilized in automotive
and industrial applications, particularly within electric vehicle systems [2], to facilitate
efficient communication between internal components such as ECUs [18] and various
sensors, as shown in Figure 5. The TJA1051 acts as a bridge that converts differential CAN
signals into logic-level signals usable by microcontrollers [14,20] and other control units.

1 <L 8

2 >[7

= GND CANH —
—— Ve CANL —
—— RXD N.C. =

Figure 5. TTA1051 transceiver module [31].

2.10. ATD3.5-53 Display Module

The ATD3.5-83, manufactured by Artron Shop Co., Ltd. (ArtronShop), with operations
based in Nonthaburi, Thailand, is a 3.5-inch TFT capacitive touch display designed for
integration with the ESP32-S3 board, manufactured by Espressif Systems (Shanghai) Co.,
Ltd. from Shanghai, China [14,20]. which offers high-performance processing and wireless
communication capabilities, including Wi-Fi and Bluetooth, as shown in Figure 6. This
display module serves as a practical solution for embedded systems that require interactive
graphical user interfaces [11], particularly in applications such as the Internet of Things
(IoT) [32], automation systems, and smart home devices [20].

Figure 6. ATD3.5-53 display module [12].
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2.11. CAN Bus Expansion Module for ATD3.5-53

The CAN bus expansion module for the ATD3.5-53 display serves as an auxiliary in-
terface designed to enable microcontroller-based systems—such as those utilizing Arduino
boards—to communicate over a CAN [18,21]. CAN is a widely adopted communication
protocol in automotive and industrial systems [1,9,16], providing robust and efficient data
exchange between distributed devices within the same network, as shown in Figure 7.

Figure 7. ATD3.5-53 CAN bus shield [33].

This CAN bus shield acts as a bridge between the main ATD3.5-53 system and the
CAN network, allowing the system to both transmit and receive data reliably and se-
curely [18]. It converts electrical signals and manages protocol-level communications to
ensure compatibility with other CAN-enabled components, such as BMS [14,22], sensors,
or ECUs [21].

By integrating this module, the ATD3.5-53 platform can function not only as a display
and control interface [11] but also as a node within a distributed embedded system [14,32].
This expands its applicability to fields requiring real-time communication and diagnostics—
particularly in smart energy systems, electric vehicles [2], and factory automation [18].

2.12. ESP32 Module

The ESP32 is a high-performance microcontroller developed by Espressif Systems. It
is equipped with integrated Wi-Fi and Bluetooth capabilities [10,14,19] and is designed
for a wide range of applications, including automation systems [32], the IoT [20], and
intelligent control systems [10,14,32], as shown in Figure 8. Its versatility and adaptability
for interfacing with various sensors and peripherals make it a popular choice in embedded
system development [10,14,19].

Figure 8. ESP32 module [34].
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2.13. Buck Converter or Step-Down Converter

A buck converter, also known as a step-down converter, is a type of switching voltage
regulator designed to efficiently reduce a higher input voltage to a lower output voltage. It
belongs to the family of DC-DC converters and is widely utilized in applications requiring
regulated DC power. Unlike linear regulators, the buck converter uses high-frequency
switching to control and regulate the voltage conversion process, offering significantly
higher efficiency.

3. Methodology

This article focuses on the development of the JK Battery Management System (JK
BMS) [14] and its connection to a display interface, allowing users to monitor battery status
in real time [22]. The BMS and the display communicate via the CANopen protocol [21],
a standard widely used in the automotive industry [1,2]. In this study, an ESP32 module
is used to receive UART signals from the BMS [14,20] and forward them to a TJA1051
transceiver module [14,20]. The UART signals are then converted into CAN signals and
transmitted to the display [18]. The system presents key battery parameters, such as voltage,
current, temperature, and SOC for user monitoring [17].

An overview of the battery monitoring system architecture is shown in Figure 9. The
JK BMS communicates via UART to the ESP32 [14,20], which then sends CAN messages
via the TJA1051 transceiver [21,31] to the ATD3.5-53 display [12].

—

JK BMS

UART

Y

ESP32

CAN

Y

TJA1051
Transceiver

===

CAN
A 4

Display

Figure 9. System architecture of the battery monitoring system.

3.1. Electrical Circuit Design

The electrical circuit design in this study was carried out using EasyEDA version
2.2.40.3, a popular software for circuit and printed circuit board (PCB) design. EasyEDA
is user-friendly and supports the complete workflow, including schematic drawing, PCB
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layout, and direct export of files for manufacturing [15]. The prototype circuit was created
as shown in Figure 10. The details of each component are shown in Table 2.

5

Figure 10. Prototype circuit board.

Table 2. Component details.

Number Name
ESP32 Microcontroller
Buck Converter
TJA1051 CAN Transceiver
Fuse
CAN Bus Communication Port
Battery Management System (BMS)
Communication Port

(= S O

The ESP32 was selected for this research due to its cost-effectiveness, sufficient compu-
tational power, and built-in Wi-Fi/Bluetooth capabilities, making it ideal for cost-sensitive
EV prototyping [10,14,20]. With its dual-core 32-bit Xtensa LX6 processor running up to
240 MHz, the ESP32 can efficiently handle real-time data parsing, CAN frame process-
ing, and GUI control without the need for additional hardware [13,14]. Compared to
STMB2F series MCUs, which offer strong real-time performance but often require more
complex setups and lack native wireless interfaces, ESP32 provides a more integrated and
developer-friendly solution [32]. Its large open-source ecosystem, support for libraries
like LVGL, and low power consumption in sleep modes further enhance its suitability
for embedded EV monitoring applications [20,32]. While STM32 may be preferred for
applications demanding strict real-time control and industrial-grade support, ESP32 offers
a well-balanced alternative that simplifies development and meets the performance needs
of this project [14].




103

World Electr. Veh. ]. 2025, 16, 375

100f19

3.2. Testing and Evaluation Method

The communication system, implemented through CANopen, is tested to ensure
accuracy and stability in data transmission [21] and to verify the correctness of the data
displayed on the monitor [11]. The results are analyzed, and the system is improved to
achieve optimal performance [8]. Data analysis is performed by comparing the test results

from the PCANView program version 4.2.2.55 with the data from the JK BMS application.

The parameters compared include voltage, current, temperature, and SOC values measured
by the battery system sensors [35]. The testing begins by connecting the test circuit between
the BMS and the PCANView program, as shown in Figure 11. Data is acquired from
PCAN-View, as shown in Figure 12, and this data is compared with the JK BMS application,
as shown in Figure 13.

Figure 11. Connection of the test circuit between the BMS and the PCANView program.

[ pCAN-View
File CAN Edt Tanimit View Tace Windos Help

PSS 15 Yl e ILl O]

EL Receive / Transmit

B can.aD Type Length Data
355%h ] 5000 64 00 54 24 £E8 00
356h 8 5000 05 00 1A00 00 00

Figure 12. PCANView program.

3.3. Convetsion of Hexadecimal (HEX) Values from PCAN-View Software to Decimal (DEC)

Example 1: CAN ID 0x355 (State of Charge)

The conversion process for CAN ID 0x355, bytes 0-1, is demonstrated as follows.
Referring to Figure 12, the data obtained for these bytes is the hexadecimal value 0x005D.
This value was converted to its decimal equivalent using the programmer mode of a
calculator, yielding the decimal number 93, as depicted in Figure 14. According to Table 3,
CAN ID 0x355, bytes 0-1, represents the SOC. Therefore, the battery’s SOC is calculated
as 93 X 1% = 93%. This calculated value was then compared with the “Remain Battery”
value displayed in the JK BMS application (shown in Figure 13), which also indicated 93%,
confirming the equivalence of the values [36].
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Calculator

Programmer

Figure 14. Conversion of the hexadecimal value "0x005D" to decimal using the Calculator program.

Table 3. Definition for CAN ID 0x355.

Byte Number Parameter Name Value/Unit
(1] State of Charge 1%

Example 2: CAN ID 0x356 (Battery Terminal Voltage)

Similarly, for CAN ID 0x356, bytes 0-1, the data from Figure 12 is the hexadecimal
value 0x0050. Converting this value to a decimal using the programmer mode of a calculator
resultsin 80, as illustrated in Figure 15. Based on Table 4, CAN ID 0x356, bytes 0-1, represent
the battery terminal voltage. This indicates that the total battery voltage is 80 x 1 V=80 V.
Upon comparison with the total battery voltage displayed in the JK BMS application
(Figure 13), the value was confirmed to be identical at 80 V [36].
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Calculator

= Programmer

Figure 15. Conversion of the hexadecimal value "0x0050" to decimal using the Calculator program.

Table 4. Definition for CAN ID 0x356.

Byte Number Parameter Name Value/Unit
(1) Battery Terminal Voltage 1V
; Total Pack Current 1A
: Battery Temperature 1°C

4, Discussion

Following the design and fabrication procedures outlined in Chapter 3, the researchers
successfully constructed a functional circuit prototype. This prototype interfaces with
the BMS via its UART port, converts the signals to the CAN protocol, and transmits
them to a display unit [26]. The PCB was fabricated using a copper etching process, and
components were mounted according to the schematic designed in EasyEDA software,
as depicted in Figure 10 [15]. Upon completion of component installation and control
system programming, the display unit accurately presented key data acquired from the
BMS, namely voltage, current, temperature, and SOC.

The development and implementation of the proposed battery monitoring system
represents an important contribution to the design of affordable and scalable EV diagnostic
tools. The integration of CANopen communication and real-time display enables enhanced
system observability for low-cost EV platforms [1,5,6,8]. Through detailed testing across
a range of operational scenarios—such as fast charging, high-current discharge, and idle
states—the system demonstrated high data fidelity, stability, and robustness [5,15,24].

The consistent matching of data between the prototype system, PCAN-View, and
the JK BMS application underscores the accuracy of the data transmission process. This
validates the correctness of the hexadecimal-to-decimal conversions and the proper assign-
ment of CAN IDs to specific battery parameters [23,30]. Notably, the system maintained
accurate and real-time performance without packet loss or delay even under rapid current
fluctuations and thermal changes during high-load conditions [5,13].

One of the technical highlights is the successful use of the ESP32 to decode UART
messages and generate CANopen-compliant frames. This lightweight microcontroller
reliably parses, formats, and forwards data, with no noticeable delays throughout the
testing period [10,13,32].

4.1. Data Communication Test Results via CAN Bus

To verify the accuracy of the data presented on the display unit, the researchers
conducted system testing by comparing data from three distinct sources: PCAN-View
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software version 4.2.2.55, as depicted in Figure 16; the JK BMS mobile application, as
depicted in Figure 17; and the prototype system’s display unit, as depicted in Figure 18 [35].

B PCAN-View

File CAN Edit Transmit View Trace Window Help

o c e
F & L ee % @ 0

Figure 16. Sample PCAN-View software interface displaying data for CAN IDs 0x355 and 0x356.

Figure 17. JK BMS application interface used for data comparison.

The test results indicated a high degree of consistency between the values shown on
the prototype display and the data obtained from both the PCAN-View software and the JK
BMS application. It was necessary to convert the HEX values associated with specific CAN
IDs captured by PCAN-View into their DEC equivalents to achieve direct correspondence
with the values presented on the prototype display and within the JK BMS application.
Table 5 provides examples of this data conversion process [36].

To validate the accuracy of the data presented on the display, the researchers con-
ducted system tests by comparing information from three distinct sources: the PCAN-View
software, the JK BMS mobile application, and the prototype system’s display unit.
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Figure 18. Prototype system display showing measured values during fast charging tests.
Table 5. Sample data conversion and comparison.
CANID Byte Ra‘wlm\’al‘) Y VS?;VfSEdC) Parameter/Meaning JK‘{?#;; glpp
0x355 0-1 0x0054 84 SOC (%) 84%
0x356 0-1 0x004F 79 Batterlz/ Voltage (V) v
0x356  2-3 | Ox000A 10 e e 10A
Battery

0x356 4-5 0x001B 27 Temperature (°C) 27°C

Figure 18: The prototype system display illustrates the real-time monitoring of key
battery parameters—including SOC, terminal voltage, current, and temperature—during a
fast charging session (10 A for 1 h). The observed values for all parameters are in precise
agreement with those reported by the JK BMS mobile application [30]. This outcome
confirms the accuracy of data conversion and synchronization between the BMS and the
display interface across multiple critical metrics [5,8,10,13].

Figure 19: The experimental setup during the fast charging test, demonstrating real-
time monitoring of terminal voltage, current, temperature, and SOC via the CANopen-
based display system under high-rate charging conditions. This setup was used to evaluate
the system’s responsiveness and reliability in transmitting and displaying dynamic battery
parameters [5,8,13,30].

sitth

Figure 19. The system setup during the fast charging tests.
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Figure 20: The experimental setup during the high-current discharge test, illustrat-
ing the system’s capability to maintain stable and accurate data communication under
conditions of rapid current fluctuation [5,7,8,13,30].

Figure 20. The system setup during the high-current discharge test.

4.2. Results Analysis and System Performance Evaluation

To address the need for broader testing conditions, additional stability tests were
conducted under various operational scenarios, including fast charging, high current
discharge, and load fluctuation conditions [26,36]. The system demonstrated reliable real-
time data transmission, accurate parameter display, and no packet loss or communication
delays under all scenarios [13,35]. During fast charging, the display unit consistently
reflected the actual values of voltage, current, and temperature reported by the BMS [36].
Figure 19 shows the system setup during the fast charging tests. Similarly, during high
current discharge tests, the system maintained stable performance, with accurate real-time
reporting of rapid current variations and temperature rise, confirming the robustness of
both the BMS and communication modules [22]. Figure 20 shows the system setup during
the high current discharge test. These extended tests validate the system’s robustness and
suitability for real-world EV operating environments [13].

Testing conducted under various operational scenarios, including under load, during
battery charging, and during idle periods, revealed that the system maintained consistent
data transmission without interruptions or loss of data packets [13].

The identified advantages of the prototype system include the following:

1.  Real-time data acquisition from the BMS.
Clear and accurate display corresponding to the actual system values.
3. Scalability for integration with other control systems via the CAN bus.

1=

Nevertheless, certain limitations were observed:

1. Potential for signal stability issues over extended CAN bus cable lengths.
2. The physical layout and arrangement of components may require further optimization
in specific areas to mitigate potential signal interference.

4.3. Limitations and Mathematical Modeling

Despite the system’s successful implementation and stable performance under various
operational conditions, several limitations must be acknowledged. First, the system’s
communication stability may degrade over extended CAN bus cable lengths or in elec-
tromagnetically noisy environments, which could potentially introduce latency or data
corruption [18,21]. Second, the current prototype design lacks thermal and electromagnetic
shielding, which might be required for deployment in harsh automotive environments [28].
Third, the design and testing were based on a specific BMS model (JK BMS); adaptation
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to other BMS brands or different CANopen object dictionaries may require significant
reconfiguration [11,30].

Moreover, while the system operates based on discrete decoding of CAN messages, it
does not yet implement advanced mathematical algorithms such as battery state estimation
(e.g., SOC or SOH estimation using Kalman Filters or equivalent models) [17,22,29]. The
current implementation uses direct linear conversion from raw hexadecimal values to
real-world parameters using scaling equations, such as

SOC = HEXj-1 x 100% (3)
Vit = HEXy 1 X1V @
Iota = HEX2-3 X 1 A %)

Tenmpag = HEXy 5 x1°C (6)

4.4. Real-World Applications

The developed prototype system demonstrates strong potential for real-world imple-
mentation across various EV and energy storage applications. Its modular design, low cost,
and communication robustness make it particularly suitable for the following scenarios:
1. Low-cost electric vehicles and scooters where space and budget constraints limit the

integration of proprietary BMS displays [1,4,8].

2. University research platforms and educational labs where modular, open-source mon-
itoring systems help students and developers experiment with CAN communication

and battery diagnostics [10,13,15].

3.  Battery swapping stations where real-time data on pack voltage, SOC, and tempera-

ture is needed for safety and charge management [5,6,8].

4. Off-grid or solar-powered systems for visualizing and logging battery parameters in

small energy storage units [24,26,27].

The modularity and openness of the system also enable integration with loT gateways,
allowing remote monitoring, diagnostics, and predictive maintenance in larger fleet or in-
frastructure applications [10,13,20,32]. With additional shielding and robustness upgrades,
the system could be adapted for deployment in light-duty EVs or commercial delivery
vehicles operating in electromagnetically noisy environments [7,9,25].

4.5. Future Work and Research Directions

Although the proposed system demonstrates reliable real-time battery monitoring
using CANopen communication, several areas remain for further improvement. Future
work may focus on the following directions:

1. Enhanced Compatibility: Expanding the system to support a wider range of BMS
models with different communication protocols or CANopen object dictionaries will
increase its applicability across diverse EV platforms [1,6,8,11].

2.~ Robustness and Environmental Testing: Conducting long-term field testing under
harsh environmental conditions, including high electromagnetic interference (EMI)
and temperature variations, will help assess durability and communication stability
in real-world EV deployments [5,24,26,28].

3. Advanced Battery State Estimation: Future iterations of the system may incorporate
mathematical models or machine learning algorithms for SOC and state-of-health
(SOH) estimation, such as Kalman Filters or neural network-based methods, to pro-
vide more accurate battery diagnostics [3,17,22,29].
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4. GUIImprovements: Enhancing the display interface for better usability, including
interactive touch features, customizable dashboards, and multi-language support,
will improve user experience, especially in commercial applications [12,37].

5. Integration with IoT and Cloud Platforms: Adding wireless connectivity for remote
data logging, diagnostics, and predictive maintenance via loT or cloud platforms will
enable real-time fleet management and analytics [10,13,20,32,35].

By addressing these directions, future development can extend the usability, scalability,
and intelligence of the system, contributing more broadly to smart energy management in
electric vehicles and related applications [1,2,4,16].

Furthermore, the practical applicability of the system was validated through its inte-
gration into an electric all-terrain vehicle (ATV), which served as a real-world test platform.
This vehicle exemplifies a representative use case for low-cost electric mobility in rural
and off-road settings, where continuous and accurate monitoring of battery health is criti-
cal [1,4,5]. The system’s compact form factor, robust data transmission via the CANopen
protocol, and reliable performance under dynamic load conditions underscore its suitability
for deployment in experimental electric vehicle platforms, vocational training environ-
ments, and lightweight electric utility vehicles operating in constrained or demanding
conditions [7,8,13].

5. Conclusions

This study presents the development of a BMS interface designed to provide real-
time monitoring of critical battery parameters, including voltage, current, temperature,
and SOC, through a touchscreen display. The system architecture integrates an ESP32
microcontroller for receiving UART signals from the JK BMS, which are subsequently
converted to the CANopen protocol via a TJA1051 CAN transceiver and transmitted to the
display unit [8,10,30,31].

The circuit was designed using EasyEDA and fabricated through a copper etching
process. A fully functional prototype was assembled and subjected to a range of operational
tests, including fast charging and high-current discharge conditions. The results demon-
strated that the system maintained accurate and reliable real-time monitoring of dynamic
battery behaviors, with no detectable data loss or latency. Measurements displayed on the
prototype interface were found to be in strong agreement with reference values obtained
from PCAN-View software and the JK BMS mobile application [5,23].

Overall, the system exhibited high levels of stability, precision, and robustness under
high-load conditions. Its cost-effectiveness, modularity, and ease of integration render
it a promising solution for low-cost electric vehicles, academic research, and small-scale
energy storage applications that require dependable battery diagnostics and CAN-based
communication [1,4,8].
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Abstract

In this paper, we propose a Genetic Algorithm (GA) that
describes appropriate power flow by comsidenng power loss as an
objective function of the problem. The optmal power flow problem 1s

often 1ated wath total el cost system. However,

in some cases, the objectives may vary. In this paper, the objective is
minimize the power loss with decision vanables including. 1) electricity
caused by power plants, 1) voltage levels controlled by substations, 1)
tap positions of transformers during loading, and 1) injection of
reactive power from reactive power sources. The Broyden Fletcher
Goldfarb—Shanne (BFGS) Algonthm is well-known and widely
accepted as an inklhigent optimization method for solving such
problem. Therefore, the BFGS Quasi-Newton method 15 tested and
compared with the Genetic Algonthm (GA) for optimal power flow.
The results of the BFGS method are evaluated agamst the Genetic
Algorithm (GA), a widely used opumization techmque. For testing
purposes, the IEEE 13-bus power system is used. The results reveal that
the optimal power flow according to the Gepetic Algonithm (GA)
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forms the BFGS method, demonstrating the efficiency of the

Genetic Algonthm m solving optimal power flow problems.

Keywords—Genetic Algorithm (GA), “opumal power flow, BFGS
algonithm
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