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ABSTRACT

This thesis shows electrical measurement to analyze the value, design and
create BMS on Cloud Platform. The STM32 is a Microcontroller use to manage charge-
discharge and communicate data, using INA219 to measure the electrical values of the
battery, Thermistor to measure Temperature and using LTC- 4162 to control constant
voltage, constant current and temperature in charging circuit. To take the measured
value to analyze the performance of the battery to assess the state of health (SoH)
using a Raspberry Pi with a basic operating system as Raspbian displays electrical
measurement data in HMI format, designed and built in the User interface with Node-
Red. And store data on the Cloud service because the Cloud system can adjust the
size of the storage space according to user needs. You can also view the battery
information through the applicationin Real time in the event of an internet connection,
but if the device loses the internet connection, data can still be viewed via the
Raspberry Pi. In addition, the battery management system can alert users in the event

that battery performance decreases or there is a risk of causing damage.
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2.2.1 State of Charge
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2.2.2 Open Circuit Voltage
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Established in previous work at 25 °C.



2.2.3 State of Health
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2.3 The Internet of Things (IoT)

Internet of Things Aawaluladiviligunsaling o wWu Inséwi gunsaldidnnsetind
a1unsafnseTEniiuLasinnunuduldeswealudfriuesulataig 9 915w ugys,
RFID wae WiFi [11] - [13]

2.4 Sensor node

(Y

AaRsudunmIInATUgeIUTaNTIUaR WS Tlnn1e o wazaiusaldiduddy

W01 iiethlumuaNgunsaimaluiih (sUf 2.6) [14)
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2.5 Edge computing
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3) uuuAINYi (Bandwidth)

Fesnslfeunuudinsiuasdseniiauuudiovinisiudstoyaluds Cloud sndegng
guUnIaldIaSerdwuImImanIndesnisdteyalud Cloud wiew 9 Auseslduuudian
FrurunmmanulUsng mnnsUseatanadoLasgi Edge 19y § Al agfigunsalvesild
aunsnUssnanadeyaluiald n1sdudsdeyatuluuszainanauu Cloud favanas a1uso

wAlnin sl uUAINIvaNLAT UL LazNUamtsad Latency. 16

2.6 Cloud computing

1 v @ v
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wagszuvsauladnie 9 1ne v nsii eaandtugseInlunisaac g, guassuy,

Y
o

PeUszudane wazansunulunsasiszuuaoniinesuazeietneies Jalviauuuuinig
WnazwuuNURY [16] - [17]

UsgLanvasuinisransaeuiafg (Cloud service models) anssautiseantdifiu 3
UsgLaeail

1) SaaS (Software as a service) IHugUnvunisliusnsldvenduasuisuennaiadu
uu Cloud ¥l 18 eoulatuuini o eBumesdnlivinisvonsuasina dldlngl
Sududosdindeeniusliimissnuionaufialnosvoalld

2) laas (Infrastructure as a sevice) U3 nrsanzlasead1af ug v ST UY LYY
WU sENINE (Processing unit) 1A3otetaya (Network) svuuLfiudaya (Storage) 3o
Nufi@s909 (Hosting) A luInIsazaunsalianlunsuseuiana Forauazaunves
“U'ENﬁ@@ﬂmiuﬂﬂiﬁﬂﬁﬁayjaﬂ"%‘aﬁuu’lﬂﬁuaﬂﬁuﬁLﬁU%@%ﬁﬁ]’lﬂﬁUﬁﬂﬂlﬁ gnfaethaty fui
B$i09909 Gmail wag Amazon Liudu Felassarsiugniluszuungumaduainisn
Usuasuldnuanuznisalazanudesnisvoslilagniu Cloud AP vosgliuinig 1gu
mauiifoasaiulsdlunduus fuiaaudesnmsldnuivleddufutuegnssni

sruunguueagldseuu Virtualization melunguiug lunsvgnednuiuniieUseuinnaiay



12

PNAVDITRIFY QeI lEAlATALLTR wazdFuusnis wfoudeAldsefintununis
Touremdnensiiiiumniuldlngliaudereon

3) PaaS (Platform as a service) Usn1sunanwasy Aoluusnisunwaulun1swaw
Tsunsulag SuuImsanansanauilusunsussuy taun USn13 Google App engine

Fagsuuinsanunsaadilusunsuuszansuszian Web application uuiiunifisnsnnisidn

e

g Inglidesdnlassaiisiugiudmivdnsnisidivuigs nmsileulusunsududniam,

a@1u150ld 0191 Java %38 Python walaan lusunsuuuldsniiesaee Google Lo layil

ATUTNIIAINIUI Transaction %39 Data storage [18]

2.7 Database

A 1 ¥ =

Aodunldifivteya weliaiunsausnismsdaiv uaznisinfsteyadunaale

Y
@

azAInTIaL37 Fetoyavzgniiuluguues Rows, Columns Lay Tables lnga1denssull

Y Y

(Indexed) Lﬁ'alﬁamﬁﬂﬁ’umﬁi’faa%alé’imﬁa YNNG g samnsaanIsiiia (Insert),
an (Delete) 38 1anuudas (Update) Toyalval Faqiiu Computer database gnldlunis
udayawnuluguuuulig [19]
1) 3TuUIN15099 Database

Database Qﬂvﬁ’wuﬁjumﬁymmﬂ 1960 15 ud w1 Hierarchical waz Network
databases 3uu18 94U 1980 & 11511181 Object-oriented-databases (OODBMS) 111491
Faduiiugiuvesszuy Relation database dufinisldogludagi

4711309 AKUIUTELANYD4 Database mugULuLvesvilndoyals Lyu Aav,
FA0N¥T NI D Eﬂﬁ' U19AS e 91992 uU I1uA2 0T 8uvee Relational database
iU Distributed database, Cloud database %58 NoSQL database

2) Relational database

Attribute
G ——

Tuple {

— i
——

Relation

=1

g‘iJ‘VI 2.8 wanIlAIas19 Relational database

i - https://www.glurgeek.com/education/
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Relational database gnAndudulne E.F. Codd (1BM) 1w 1970 uduaiistun
21nNguUes Table ideyanislulasuvssaniduninuszianddaly usdas Table
azflegnation 1 vlinvesusiaz Column uazusay Row azddeyanufivinf Columns
Iermuald (5U 2.8)

Standard Query Language (SQL) Lﬂummwgmﬁ'cﬁ%’mu waz szuudu q 1
\Jeusiay relational database dsinesamsiiindoyaiinly Inglinsenuselusunsudun
Tgausuriu

3) Distributed database (E‘U‘ﬁ 2.9)

(L
w

i

sUT 2.9 Lanalassdne Distributed database

Y

=

U1 ¢ https://www.glurgeek.com/education/

Distributed database tJu g1udeyaigniiunszaneeanlunane § 7 lngendey
NITUIUNITUANAY Uaz d1T0998Ya HIUNNIEUU network Failagneny 2 wuuAe

Homogeneous - s¥uuanianniifenu OS uay database ¥lafeail

'
al

Heterogeneous - seuUTlsmumazniiewnsasmafiuluusas
4) Cloud database
Cloud database 1T ugrudoyauuulnagv gnusuusaradned uvuszuy
Virtualized wuutfigniu Hybrid cloud, Public cloud %38 Private cloud laga1u1saves
AT 138 USuuss Resource Timaantian ﬁﬁuagiﬁ’umméfaamiﬁuaqr;ﬂ%mu
5) NoSQL database
NoSQL database galdlugtuvy Mdunisnszaievesteya Feiiuszansnings
dmsudeyavruinlug (Big data) 1ws1¢ Relational database liignaenulviseusutaya

wnalvegy Jeflealdiunsimisideyaruinlngflinsssisuuuunied

2.8 Human Machine Interface
Wunisviusiudulesld PLC 1udamuau way HMIJudideassenineldan
(Human) fiusgUU Module PLC #3oaouansuanig ¢ lagli PLC dearuluiitaiasdng

(Machine) fla3ufi 2.10 [20]



14

3UM 2.10 uansn1sideusiadeanstoyaved PLC Luy Touch screen Tunisidnfaueunadiatu
#n9 9 Pelduainsseslng

i - http://www.energyscopethai.com/hmi-programming/

User interface visnedis denanslunisinseuaslineuseninadldivssuunauiunes

4 s

Tnazidunisinsnen1ew1usnsatIs s eganduls nndudenierusisanisazusenau

lUdnegunsaineuiawmesng 4 wu wdAduaia a1lng w3 osiuiviudu usnnidude

'
v 1Y a

NIAULBNALITIE MU AIANWUYNITLARIHAN 18NN tagyibmAau Jduiusiudegy
2.11

aunsadnladu 2 Ussanlugloun

1) duithdeyaii viediudanu Fondt unm (input)

2) dwilduanmaans viodnlisemdanndly Sendn tedwe (Output)

©

OUTPUT

UM 2.11 duindesenigldiuiussuy

v

i : https://mis.csit.sci.tsu.ac.th/mallika/Ul/DL/Ch02-Characteristics%200f%20Ul.pdf
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2.9 Node-Red

v u Medium-ware Tagd W ugmmﬂsﬁ’mulugmw Flow-based programming
ANAUTULUNONTIFULUY Internet of Things [21]
dmsunislaganu Node-Red Hufimnuazaanuininsizarunsaunty Flow Tusunsy

719 9 WU Browser lalag uaziilosa1n Node-Red gnimuuu Javascript (Node.JS) 39
Tansaimudannuaiunsaeeniulafguin 2.12 - 2.13 [22]

¢ > 1 son
s
&
=
=
o
i,
v
ol

JUT1 2.12 wilsamsisenldamlusinsu Node-Red

Node-RED

e 2

g for the Inte

e-RED is a programming teolfor wiring together hardware

e services in new andintere:

it easy to wire
n the palette that

can be deployed to its runtime in a single-click

JUN 2.13 nihaduladdmsuariulnanuwasfinaslusunsy Node-Red

i : https://nodered.org/
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2.10 Message Queuing Telemetry Transport (MQTT)
\Juluslareatigneenuuuanlifivuiadndmiunisd oasuuy M2M (Machine to
Machine) Tnedorf1iina1n3eans99n 1BM wag Eurotech Tud 1999 i o luldluszuy
SCADA (Supervisory Control and Data Acquisition) dmiuidonsevieduisfuuwaieted
Lifianuafivsedredumosidnanfisunsuiszgnuiatanateidu Open standard Tudl
2014 1y OASIS [23]
MQTT L uaarUmenssuuuy Client/Server 7 afl Topology LUU Hub-and-spoke

sensor Uan8M199ev1uii19 L0 u Client 9§ 491015851907 ausauwuy TCP LUds Server

'
dl a = S

ffide13un8nT 091 Broker 4 siintiriiidulafiouviods ey alunisiuds Message sening
Client ﬁLﬁulﬁﬁgﬂ Publisher Wkag Subscriber
Client a9 Publisher w38 Subscriber 7114 oas suuvsaueue LU Broker
Faanunsadeunoldnaluy Persistent fivinnisaing Session daliUnnaenaniledndeiu
Broker @9n3afudnuiiu Client fitiousouuu Transient 3 Broker lilanunsadanuaniuglé
Broker 1{u Software fivintiSusonauianuniilaan Publisher uaa3sdssieluly
Subscriber a1uLLH Topic 7i Client §vns Subscribe

Topic +Jumilou Address 50 Endpoint Ul Broker 71 Client yiinsifionsieLiiosuds

Publisher Subscriber « Subscribed to "Topic 1"
Broker
14
Topic 1

Publisher A Subscriber'. Subscribed to "Topic 2"
Topic 2
\ Car

YoANUTENINIANU

Publisher Subscriber Subscribed to "Topic 1"

UM 2.14 uansnnuduiussendng Publisher, Broker, Topic uag Subscriber

i - http://www.adslthailand.com/post/maqtt-coap-comparison-iot- protocol

2.11 Ubidots
W wﬂﬁj‘u%ﬁ loT wag Cloud applications WUU Platform as a Service 7 42814
dldnuaunsaadaneundindutuesls, sauswdinsisiuazuaninmduigesviedeya

AdviaLaNIsULaNe wazaunIndaNsaliuasawIsLazdunnfdnealiniulusianea

HTTP / MQTT / TCP / UDP anansaagunisyaiuues Ubidots ledsguil 2.15
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myapp.iot.ubidots.com

“ Live Dashboards
Authorization @

Souy Reporting User
e Management

Events Engine

Ubidots SDKs

Application Development +— Applications in Production —

SUT 2.15 wansnnssianuves Ubidots

i - https://ubidots.com/docs/hw/?language=ESP#introduction

2.11.1 nanmsiauvas Ubidots
.HiagUnsnd (Device) An158nLanadiuys (Variable) NTalda1niduiwesaedl
nsaf19andeya (Data-point) 503 (Dot) 37Ny Ubidots 9gvin1siiutuiinanisuuiain

gunsalneluiudslaegaiidnnuimariifinnsuseiuia (Timestamps) Naonndesii

UBIDOTS DATA HIERARCHY

Device
DEVICES Machine A

VARIABLES
(Time series)

DOTS ?
-1 dot = {ti

p, value,

JUT 2.16 uanssdututeyares Ubidots

i - https://ubidots.com/docs/hw/?language=ESP#introduction

mmguﬁ' 2.16 unazyn (Dots) 3zUsznaulual8318n13 Value, Timestamp

waz Context lnaupazsnunsisieazidannanaluil :
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A15199 2.1 LEAII18aELDUNTIENITUDILARZ YA

q

598015 s1eaviden AU NI
(Item) (Description) (Mandatory)
Value | ALa9@atae Ubidots gausuamnueaunaieusiia Floating YES

Point gagn 16 @

Time | 1381 Unix Epoch fiviheiduliadiund NO

stamp | wnlaildssu@sviaesves Ubidots agivuaniladiiiesu

a v

Context | dwlwgjlilunsdaiviiinasfigauazasiigavesgunial GPS NO

1) A1 (Values)
ALaY Ubidots 8au3ufaiay floating-point ANEIEEA 16 f1 LUu
{"value" : 34.87654974}
2) nsUsenuLIa (Timestamps
msUspiuanduislunisfemualugiugduauiui Taesudud
Unix Epoch 1a5ufl 1 1ns1au 1970 t3a1 UTC FatunsUssiung Unix duiiessiuo
SurfiszaineTuiilatundstu Unix Epoch é’qﬁmﬁaéfaamidﬁaaﬁawé’a Ubidots 9z # a3
AmsUseiualuliadiui uaﬂmﬂﬁmﬂﬁaqmsﬁﬁaganmﬁuammfu fogananilsay
wanaTlunihglafiuni
"timestamp" : 1537453824000
NsUTETURRRILUUASI U TN WAUAT 20 fugneu 2018 2:30:24 PM
3) Context
wenandoyaviafuarian §lidrudauisadanudoyaviina String
w3eteyaviln Char meluy Context 19 fiog1an13ld Context

non

"context" : {"status" : "on", "weather" : "sunny"}

a a

lnevaly Context agldlun1sdnaiuiitinasiyauazanidgnvesgunsnives

HlE dmTunsdinisldau GPS wise weunAiatun1sinmu wwui Ubidots Tdfiinasigauay

[y

28333AINCcontextypIALNBLENTIATDIQUNTAl ANUE19TLUARS Context NTANRA :

‘context" : {"lat"-6.2, "Ing":75.4, "weather" : "sunny"}



19

2.11.2 aynsuan (Time Series)

BUNIUIA1VB Ubidots anunsawandlanazui 2.17

UBIDOTS TIME SERIES
‘O.—> 1 dot

[value_k,

& = context_k,
& p timestamp_k]

Time series = {[value 1, context 1, timestamp 1], ..., [value_n, context n, timestamp n])

g'ﬂﬁ 2.17 WampuNIuIaIves Ubidots

i - https://ubidots.com/docs/hw/?language=ESP#introduction

2.11.3 MQTT

MQTT Felusinmoanisifousa Internet of Things dagnesnuuuulsidiiwiin
U1 NMsauaateA1L Publish/Subscribe Susslevtdmsunisidousofuaaiudividlna
fandusedldsiamuudioiaietananings

MQTT fvselevidufavlunsddayannaaiadludgunsaivesnn aunsal
a1unsa "W e ldenanasuazsunisusd i owd e n1sUa suudatwesiaudsiinu
FBinadeusiosevitguniaivazranidezdinield uideyaasiumadiedubumiiiuie
Uszndnwumess, wuuiiavieierisuazudlunuudeall

1) “MQTT Authentication

Tunaslanauiu Ubidots MQTT broker gld1uazaaad Token &a Token 18
Adamnzfoygrlrgunsalvesldsnldneuiu Ubidots AP

2) nsdsveya (Publish

Ubidots EJ@@J%’U%’@@QJE} MQTT, JavaScript, Object Notation #1358 JSON %ﬂLﬁu
ﬂaaLaﬂ%’usua«jﬁ?j'aw%ﬁﬂum‘mmﬂ%&Juiﬂil,miwm q Feagfiedndu Object, Record,
Struct, Dictionary, Hash table, Keyed list #1359 Associative array %ﬂLﬂuﬂﬂwﬂﬁuywﬁé’lﬂﬁ
wazidunwdase dredrsvesuiindeya JSON 7 Ubidots gausuanunsadedalamaiiuana :

{"temperature" {'value":10, "timestamp" 1534881387000, "context"

{"machine": "1st floor"}}}
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3) miﬁﬁ‘ﬁazga (Subscribe)

Wuieauileddu GET Tu HTTP, Subscribe 1uignssuaidanuunnsig
athaun MQTT s dudesanundsunesdmsuaudazaluaniudfirnumes ey
wnAvessulsiUasuLlas Ubidots agsuinmmsiuasuudadinesnlugdd safunisusewdn
n1s¥ewvedeyanaziianlunisussinanadmiugunsalveldaunarnisviauazAlddne
Tnesmveslaseuy MQTT Sadulusinasanisdoansfiuusiilild Firmware routines 1ite

AuANgUnsal [24]

2.11.4 Analytics : Fayanugruiisafuduusdannsi

Ubidots Analytics Engine 5895ULA3 09l omuaamsadneansi dudoud
39091 Synthetic Variables fudshedeyauniedeyadidnnaildmelugunsaflu Ubidots
Synthetic Variable fufudsmiusainannsuinisudsdu 9 melu Ubidots [25)

13 eedlefl Tusglaviod vunluntsvens maviaiure oy wateduirud
flinuianedestufingamgifieusuuadu °C uasldnufasnauansdoyaii °C uag
*F fldauaziFennsdasuiandumesuavdeaiassailuds Ubidots nilsaqlu °C uas
Savislu °F Fazidunsislvannismuiadiudsliivlalasaeulnsaassvesildam
nildiatasiioTiaseiues Ubidots Aludesdsanuity °C uiduuarly Ubidots ¥hnng

AMunasInsiiaudady °F iieananusainisuszananalulaseoulnsataasnlisndy

K = (9/5 % %C) + 32

Synthetic [ Raw
Variable Variable

Uil 2.18 uanssogensmmamhossmwaleadumisesmyiisuled
fin : https://help.ubidots.com/en/articles/1767999-analytics-synthetic-variables-

basics

AMTUNMIATUIUAILUTFUATIZID U 9 @nunsadnwnudulaaInaaNuIn

WU Synthetic variable operations

2.12 msdetayanuulSanesuugys
Bluetooth LT u31ATFIUT AN 199N T B AINUAYDININTZIUY A IEEE 802,11

s munglunmsimuimeanudanegu Tunsldaueasld dussuun3edisvuinan 9
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'
1 = - Ny

7Ii58n31 PAN (Personal Area Network) Fauunnues Throughput 110U 500Kbps kagdl AL

[

nsaadeyaIaui 10 LS gUNIaNNT095UNIRsTINTT LY ouleen19vIN9Y Lt 0T agindg
duwmasilaniegunsainnni S1vnnlundn Wale gunsalfisesiumalulad lullaquuiey
vl iulnsdnifiedauazgunsalnnninie 9 uenainduideazvergluisgunsal

ww5a9kli lulasraulnsatass FutruwnunmaluladdunssamutuLeg [26]

Microcontroller * - Coordinator

g Device

g'ﬂﬁ 2.19 nann1sdsdnyay1as Bluetooth

2.13 Arduino IDE

gans w3 A M lun1swantnudsullsensusasroulndasuasa IDE gau1970
(Integrated Development Environment) AB@3ULATUVOITZUUNITHAUINT DAITIBAN 9|
fl9gAoer8wde Developer n3agaaindanudiwarun Application i avasulwiinaay
sadh gnifes wilugh asaadeussuuidamld vilfaiauanuig 4 Swndu Taswun
v09lUsunsy Arduino Tneunfudaaslugninléa AVR Unfufiosainlén AVR idunisidida
9113 3ameslnense wHlAR Arduino Wadswuileddu i olraunsadeuldaldseuinni
nsLlgulARLUU AVR [27]
2.14 dseieades

nsfne3seiiiedesiunmsinnisuunnedlnednlngasinisauuuiasa
AflNAENSLT 031ATIZ R kA Ui uUs s ANS AN 3T IuYe L UALAES § 9T N1591a 01
anunsallunisldaununnesianinzsia qwu nanfildlunisudawunnes s
szaznmmﬂmmﬁuaqLlfumLmassaaﬂ,ﬁmmmmmszﬂ,umsmuﬁsyﬂﬁuaqmemasﬁgqﬁﬁq”815
AuAiwarsIUTINUNAMNAT MIFnvIngAnsIukazeRnLUUTTULUTANSLUANES Laed
sreazLdondeil

Tarun Huria [28] wazang (2012) @nw133n157 TUszEN3 armadnsun1swaun
wuUSasagasaSuiifinisussanammsdneswuusnuiuaalagldnismegeunisuaes
nszuanadnasu geliunfiwadidoy (LINICOMNO2 cathode wat graphite-based anode

AeldanImnIsnauiuana1aiy LandEnueYeelsey, NSTLaRaY WarguUYINTTUIUNIT
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ifusslemidmiumsaauusaosenuiissmssgeanansaviuonssualnily/ sy avsnm
ussdulviuaznsussifiuanue Sulviiveauunino3le

Jaesik Lee wazaniz [29] (2016) Anwin1smuaunislisuveuumnaed ismdiuy
ualng lneAIuANKIusUUlTanelaga1u15anTI9ERUNTERE WIIRULAL UM TveY
wusmedelfinyszavsnmnsldevesuumnnes

Taesic Kim uaganiy [30] (2017) ld@nwin1snsadeuanmuumne’ suuuulmivy

AaNIRka unannesunsItadetelinnaind miuteyawunnesvindiseulooauvuinivg
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351152 HUU

3.1 mwmwuaﬁaqﬁﬂiznauwﬁnmaﬁwu
TUN1590NKUUNITTUTBISEUUNMSTANITUUAWBI VLRI AL ANe Sud S UNTS
In 31A51291 waziansUsEAVE AR LUAADIRaFUR 3.1 Usznaulude
1) Sensor node xsfudndiviinisTasnialiii Tneld Microcontroller iy STM32
wazld INA219 Tunisinarnisbnia 19 Thermistor lunisingaumgll 19 LTC4162 Tuns
ﬂ’JUﬂiJﬂ’li"U’l%ﬁ]LLUG]Lmaé wazassiadayan1u Bluetooth TUésdau Edge computing
2) Edge computing a#:tun15u1teLaIN Sensor node kazAmaliianumasine
W& suittaleain SDM120 Energy meter wwanslugUuuuves HMI Uy Raspberry Pi lag
T4lUsunsyu Node-Red Tuniseenuuuuazaste Ul niauiuinudeyalu sQLite liuanadoya
nsdlfiviansidensodumesiin uazdsdeyaluss Cloud computing sivu MQTT lslnaa
3) Cloud computing aidunnsthdesailsann Edge computing uiiuliifleains
\Hugrudenavesuuniaed uanteyanislisuvesuunneluasuvassiondsaulumi
Dashboard, wisfieuilefnuinunfiintuiuiunaes kazssuulguuy Real time uas

aun9adesneuUsEandUlnog199m Ll

s Joidols
Cloud Computing
B oo 3 S % =g
4—4&% (&@ SIEM[NSi m— & ]
- o,
Sensor node Edge Computing User

JUM 3.1 MMTINVBINITVINNUVBITEUUIANITUUALADITUUAR IR AR W TY
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3.2 N1598NLUULAZNITAILUIY
N159BNLUULATNITAMAUNITUTENBUAIY 2 @IU ABNITLEINUIELANVYDILUALADIN LT

AN AZNITONLUUIZUUIANISLUALADTUUAAMALNanN s ulnsdlswazdunmasa Ul

3.2.1 N15L80NUSLLANVBILUNLADIN LYANEN

400 T T T T

w w
o wv
o o
T T
Smaller Size
=
\ z
—1 i
) .

Volumetric Energy Density (Wh/L)
N
8

Lighter Weight
—_—

0 1 Ly ol 1 I
0 50 100 150 200 250

Specific Energy Density (Wh/kg)

Ui 3.2 anuannsalunsifundenuveaiuanesussiameis g
#i111 : Shamsi (2016 : 21) Comparison of different battery technologies based on

volumetric and gravimetric energy density.

31n3UN 3.2 azuiudnuwunmes aiseuloosudanuaimisalunisiiundsau
NINNIWUALH B3 UTEbANd U LUt sU3um s (Volumetric energy density) Lagidiuia
(Specific energy density) Wutiniun BN uazliszezainisldnuenuiusenisusey

Tihuniisnse mawanatssuiiahludnsdenlduunnesiideuloseu

3.2.2 N15RNLUUITUUIANITUUALADIULARIALNAANDSY
Uszneausie 3 drufienisesniuuguasaidmivsruudnnisuuninedvunand
wnannasy, sanuuunisidanu Raspberry Pi @195 U53UUTANITUUMLABS UUAAIIA
LA esUkaTRINILUUA M NYMEYDI Application Ul Cloud Platform Iagn1nsiuves

SEUUTANITHUALIBTULAATIALNAANDSHANINTORARSARITUN 3.3 Way 3.4

3.2.2.1 N1599NWUURUNIAlEINTUTZUUIANITUUALABIULARIALNANNBSY
3¢l STM32 131 Microcontroller Tdlunisdoanstoua waztieuinig

IAN15¥159 Aay13alaen1sAiuay Relay seunludiuvasmsinamialninagly INA219 Tu
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A5 IRl GeUsznaudie wsesulni nszualnd wagld Thermistor Tunis¥n
gamniivosuunneiLazoamnidandon Tudrunismsauummes agld LTC4162 Tunns
muammﬁumﬁ, nsTLAAST LLazquQﬁ‘UB\‘iﬂ’lS‘U’ﬁ‘QLL‘Uﬁ]ma% Wisliliuumnesiianis
Fovne wazndantiutiamslnlin il uanswiumig 12C OLED wagyinnisassarvig

Iiimeludedu Edge computing W1un1e Bluetooth

3.2.2.2 aanuuunslda1u Raspberry Pi d1mdussuudansuunmaiuuaanas
uwanwasu
Raspberry Pi 9¢l#lusunsu Node-Red Tunnsais Ul titelsildansnsa
iifadeyanisldnuvesuunned Tasazuansamslniihvesuumne3fizuanain Bluetooth
209 STM32, wandfm i 1veeua91endaufi Tnldann SDM120CT Energy meter 7i
\Fousioay iy Siemens SIMATIC I0T2040, Wéng Datasheet vosuunine3 alseslooauily
wazfinsudaiounsdlvianisidiouss Bluetooth lasdeayaszgniiulii SQLite database
A1l SD card ¥03 Raspberry Pi kazavd 198y aluds Cloud computing #ie MQTT

Tslaaann 15 Wi

3.2.2.3 29NLUUANENEALYBY Application Ul Cloud platform
FaavhlgvinnsesnuuuliszuuiimunuantfuayseasBendieluil
1) Suskazhaninan19n Edge computing lawuu Real time H3nvinla
ponuuuliszuuiiduuseneu 2 d@unanme d@1u Supply Meter e?fatﬂuahut.l,ammaﬁﬁaagaﬂﬁ
T¥una 19 1endaunazdiu Battery lngszuudnnisuumnes unaduwansesudign
ponuuululrssuiiazUsgnaudne 1 Stringuaglu 1 String Usznaughe 2 Cells fanvhasld
panuwuuliszuuysznavluaae 3 gUnsnife Battery String 01, Battery Cell 0101ua

Battery Cell 0102 usiagaunsaiusynaumemulsdeuseneumesuasidunfwmnssioluil
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M19197 3.1 uanesenisgunsaliagiuUsifensasnetu

Devices Variable
No. | Device name No. | Name Allowed range | Unit
1 | Supply Meter 1 | Current 0 2 A
2 | Power 0 28 W
3 | Voltage 0 24 V
2 | Battery String 1 | Current 0 2000 mA
01 2 | Voltage 0 8.4 V
3 | Temperature Battery | 20 100 degC
4. | Temperature 20 100 degC
Environment
5 | Status 0 1 -
6 | State of Health 0 100 %
7 | State of Charge 0 100 %
3 | Batter Cell 1 | Current 0 2000 mA
0101 2 | Voltage 0 4.2 V
3 | State of Health 0 100 %
4 | State of Charge 0 100 %
4 | Batter Cell 1 | Current 0 2000 mA
0102 2 | Voltage 0 4.2 V
3 | State of Health 0 100 %
4 | State of Charge 0 100 %

2) vhmsudaiteudalufRdefirnuliaunfinTufuuunineiuay ssuy
Tunsdimeldideulusield
a) State of Health <50%
b) MUz YITY > 45 degC 38 gUNATVULAAYITY > 60
degC
0 gunsainAMdeusiouunin 15 Wl

I v

3) ivteyareswunmesdoundsialidesnit 2 dUans

a

o v

)
) ihdeyauAIU State of Charge lalagilaunislunsAuiu State

£

of Charge (%) fasaluil
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a) @unN15lUNISAIUIU State of Charge W04 String: (Voltage -7.2
*100/ (8.4 -7.2

b) @un15lun19A1UIU State of Charge w3 Cell: (Voltage-3.6
*100/ (4.2 -3.6

5) LAt Dashboard lalaeiisneasidennsmalul

=1

M13197 3.2 Poyaiinesnisianslumniil Dashboard

T
v a

AUT | S19aLLDUATNADINIT AR ANDBUNELINULAL

1 Instrumentation Engineering LLam%aIUiLﬂmLazmﬂ%m
| Kmitl, BMS on Cloud

2 Temperature Battery LLamqmﬁﬁqﬁﬁua\‘imema%

3 | Temperature Environment LRI UL VBEIINTOY

a4 State of Charge : Battery 01 LARANTUENNI YIS IVDIMUAAES 01 (String01,
Cell0101, Cell0102)

5 Voltage : Battery 01 LARusIFuTivale 9 YAILUAADS 01
(String01, Cell0101, Cell0102)

6 Current : Battery 01 wanINTTLaTIaTla 9 YBILUAAES 01
(String01, Cell0101, Cell0102)

7 | State of Health : Battery meqmmwmamvmmaé String01
String 01

8 State of Health : Battery Cell meqmmwmauwmmaé" Cell0101
0101

9 State of Health : Battery Cell meqmmwmaummma‘% Cello102
0102

10 System Energy Consumption wanensldndanuresssuud Supply Meter

FIUTLNOUMILAINTLLE, hIIPULALAIA

6) @39T18UUTEIAUAS N L UNR
7) Wisazivuaavanisiinfeve gt
8) 19"la v Personal computer haz Smartphone 53 UUU ] U'A

N9 Android
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Thermistor|
Load

(LED)

Charge
/
Discharge STM32

I2C OLED

A\AAAJ

INA219

Relay =771 Power
Supply *

T J ]| -

Thermistor

SIEMENS | 3
\pd < |Routertf SEVENS 1 spmizocTmv | @ Raspberry Pi
u» \

Live Dashboard | N
! 4/ /2T } Capacitive
OO\ \Rals )T

P @“‘“Z‘" A Touch

’ f
Reportini ) . .
PoPng | Time-series  Synthetic
I}

|

I

|

|

50| s

Backend  Variables _ Cloud f P |

[gl - — . dots | 1
Events Engine |
]

1 I

JUN 3.3 21n53UN15NIN090UNTAIURITEULAANITUUAMBTULAR 1IAWNAFN B SUTIYINNTT

v

RRIATNEY

[ 4 AlY

» Suzayaan STM32 siau Bluetooth,
SuAmalwihan SDM120MV-CT
#1u Siemens 1072040

3

Usmnanataya

TRANSIUE, usody, s
vasuvawaiann
INA219
yes
wilaotiayaly doudaidiautlalas User,
payload ‘
O

ANnuaunsyay
#uds Synthetic

nniuay

ims
Charge-Discharge

Usnnanataya
iutiayauh
AuA constanrt Time-series Backend

voltage, constant
current . Temperatur

udaunasu Ul 220
Raspberry Pi
waun1sndalanly

LTC 4162 [CHE A ASTE L)

MQTT TsTanaa

\lausia Bluetooth

ST

Fuiuazian
asvfufimuags
QueudnTug,

Fa51097u15:

\Autayauinang

sodayaluds
Raspberry Pj

JUN 3.4 UNUAMRINTIUVDINITINUYBITLUUTANSUUALABTULAR IR NAANBTY
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I3 -4 -4
3.3 24AUIYNAUTIALLIG
29AUTLNBUTISALISVDITEUUIANITHUALHDI UUAANA LNaRWasua1u15005 U8

amsulanny JUN 3.3 Tnggunsalensawisusastuaninsnesuienudnuaelansioluil

3.3.1 gunsaldaussaulnii uas aungll
INA219 Julugandneaiifidugesunsinnszua usadiu Maslninssuanss
Fousetululasaoulnsaimadse 12¢ 19lAss 3-5 Vde ussduliiinilanmsonsiadulsd
0-26 Vdc waznszualiiingaaniiannsnnsaduléi 3.2A wazdsdl Calibration Registers

Tuh (3U7 3.5

INA219 DC
Current ¥
Sensor

BT i
XIXYY

Ucc Scl  Vin-

Ul 3.5 INA219
i - https://www.dx.com/p/ina219-diy-dc-current-sensor-breakout-module-blue-

2053458.html

3.3.2 STM32 Nucleo FO91RC
lulasmaulvsalaes (MCU: Microcontroller Unit) au1n 32 Um asea STM32
ARM Cortex 49538 STMicroelectronics 1udivlalasaeulnsaiaesiusyavsnings uas
fnsldruunsuans faftensing nuefisn uarluaudsnisldaugramngsy dadu dn
Usehugnietinoonuuy timunssuvauenailein faunsoldauiunssgad neuionld
fimunuesamaassdmiumsSeuiumansuein waziiduisinduAeuasa STM32 Nucleo
F901RC uaﬂmmfué’amanaai#’ﬂé’ﬁ'uawuﬂﬁﬁ'&mi Mbed OS Amungdmiuamudiu loT

wazdl APl + Libraries #na 9 Tunwn C++ Tildleishe (3U 3.6 - 3.7
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5Uf 3.6 STM32 Nucleo FO91RC
i - https://www.deaware.com/wp-content/uploads/2014/03/NUCLEO.png

PISAC

5Uf 3.7 Port msldfan STM32 Nucleo FO91RC

i https://www.deaware.com/wp-content/uploads/2014/03/NUCLEO.png

3.3.3 Demo circuit 2038a
Demo Circuit 2038a 14 LTC4162 multicell step-down battery charger 14
MaBousauu 12C way LTC4162 disafuisadlaunde 8 wad d1vsu Li-lon, 9 wwad
d1m5U LifePOd uay 6V,12V %38 24V 1094Unne3nziansa DC2038a aunsauiuiden

ungadnldlalaensiedudesiieimuadnuiureseas (3UN 3.8
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CELL STEP-DOWN BATTERY
RPATH AND FC TELEMETRY
UIT 2038A -

5U# 3.8 Demo cireuit 2038a
i - https://www.analog.com/en/design-center/evaluation-hardware-and-

software/evaluation-boards-kits/dc2038a.html

3.3.4 X-nucleo-idb05a1
X-NUCLEO-IDBO5AL 9114/ SPBTLE-RF Juvaysiuga anunsaldaudriulaiu
ST Morpho way Arduino UNO R3 (lt@unsaidiesisesidensio ST Morpho lsthéaenns
X-NUCLEO-IDBO5AT 8uimesinariululasaoulnsataes STM32 s1u SPI iuuazgldainia
\U& g Default SPI Clock, SPI chip select hag SPI IRQIW&Jﬂ’liL‘lJanEJu resistor Ul the

evaluation board (’gﬂﬁl 3.9)

OR_EVALUATION ONLY
INS FCC_ID:SONSPBTLERF
NS _IC:8976C-SPBTLERF

Ui 3.9 X-nucleo-idb05al
i - https://th.elementld.com/productimages/standard/en_GB/2664525-40.jpg
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3.3.5 12C OLED
OLED (Organic Light-Emitting Diode) display Jurauanmansinuszsunnmil
fiadraantan "ansieiatihBund" (Organic semiconductor) fdnwagidutuuns 1 ag
S¥WIeUIN (Anode) uazidaau (Cathode) wazansawauadldiiefinssualiinlwarinu
138nN5EUINI5IIN Electroluminescence 9801w OLED ii4afd sumnsnaanseuaniua
LCD (Liquid Crystal Display) Walu#e laigesiinasiiadnaues Backlisht sarus simanumun
Houniuaziuinit Widslnfihe wonanduazlifiniswauasluusnadidesnslmniug

M (5U7 3.10

Bl m
GND VCC SCLSDA

@ bumd ©
5Ufl 3.10 12C OLED wunn 128464
i - https://img.dxcdn.com/productimages/sku 432398 1.jpg

3.3.6 Relay
UDTASLad 5VDC LUU 1 193 @11150%191ULend @32 huy Optocoupler
solation wagdsamnsaUsuLudsuntsvinsmuldisuun Active High w¥a Active Low (gﬂﬁ
3.11)

(\ £08-MH: - FEAR/ SR
. HEERTRMERGIT

HONG WEI. ..
"EOA P\ T .

10A 250VAC 10A 30VDC
10A 125VAC 10A 28VD

JOC3F-05VDC

1 Relay Module
o high/low level trigger ~

5U7 3.11 Relay 5VDC

v

i - https://www.aliexpress.com/i/4000789132248.html
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3.3.7 Thermistor
Thermistor A8 gUnsaifivimiinsadugamadl viunanlavgeonles 7
mmlwiamiLﬂ§SULLﬂa%aﬂqm%Qﬁ 11 2 Usziam fie
1) WUU PTC (Positive Temperature Coefficients) Ag Lﬁaqmmﬁtﬂwﬁyu ok
fnaudunuiintu fhezaien uwsnila Inda Tavead win uaz ey
2) WU NTC (Negative Temperature Coefficients) g Lﬁaqmﬁﬁgﬁaﬂaﬂ Al
Aeuiunuanas nsnaeuaufouiiemuanseRUNTY fnagaiann uwuiFew

uay Az (g‘u‘ﬁ' 3.12)

|

t

sU 3.12 Thermistor 100K
Fi: https://www.rapidonline.com/tks-ttc05104ksy-ntc-thermistor-100k-10-3-5mm-
pitch-61-0420

3.3.8 Raspberry Pi
Raspberry Pi 4 Model B 1{u Single Board 14%w Broadcom BCM2711 Quad-
Core ARM Cortex-A72 @313653 1.5 GHz flvneaa1udn LPDDRA-2400 vu1a 4 GB W3DuTW
Wireless LAN wuu Dual-Band 59950 2.4 GH Uaz 5 GHz W3au59395U Bluetooth 5.0 BLE i
WM LAN 58450 Gigabit Ethernet wase USB 3.0 Host Type A 91121 2 Wa$n tay USB
2.0 Host Type A 911721 2 Wo3H dWo35m micro-HDMI 9717U 2 WoTa 1995 Un19L3ouee

DLAAING AKE0P mug‘dﬁ 3.13
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Rospberry Pi 4 Model B
(©Raspberry P 2018

TRJGO926HENL V.

)  Trxcom® [

=
T
&
a

RUN GLOBAL_EN '

E [OO O rcc 10 2a8c-RP14B

g 1C: 20953-RPI4B
-4

i ! LY C Made in Thg, UK
[~
sl

- HDm

i

L

31]17; 3.13 Raspberry Pi 4 Model B

i - https://th.rs-online.com/web/p/processor-microcontroller-development-

kits/1822096/

3.3.9 Siemens Simatic IOT 2040

SIMATIC 10T2040 (g‘dﬁ 3.14) 1Y Open industrial loT gateway Fgnnasa lloT
( Industrial internet of things ) ln8a81821n Protype WalU1A28 Opensource 31NUDSA
9813 Arduino, Intel Galileo 430 Raspberry Pi QﬂaaﬂLLU‘UﬂJ’lL‘ﬁa loT application 4w LAy
Yo318910 PLC %3 oty lnosaansauwasidaauy Arduino shield 1#f 1672040 1Ju
815 AWS TN uIugAaInNnTsH 1072040 gniauduanlaed Housing 715893U IP20
wofnN3dous oM IFIUNIDRAMNT T WagldFUTIIUY DIN rail 16 anansnavieansiu
9Un3a/i28 ulugnamnssus 1 Industrial protocol 441 MODBUS, PROFINET wagld

Tuslnpoacudulnasidnasne MQTT 1o

gﬂﬁ 3.14 Siemens Simatic IOT 2040

fisn : https://www.hackster.io/74113/connect-your-siemens-simatic-iot2000-to-

ubidots-nodered-0Ofcae6
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3.3.10 Capacitive Touch Screen
AnavTATUveamThaedurla
1) BUIANTUIRD : 194mm x 110mm x 20mm (including standoffs)
2) yuemthaeiigle : 155mm x 86mm
3) ANazlduAYNge 800 x 480 pixels
8) anusadudald 10 i
5) Weusefuuesa Raspberry Pi Tngldanesuduadatideudetunadn DI
6) vadnezualines il el anisuaninauazwUasdyuIuIuIuaIN
Jouananaludinesn ounsuves Raspberry Pi
7) Piwill sieansTvissuuyusinis Raspbian jusigavinauldetnsgndes

8) yauiusssulagh : 5v

5U# 3.15 wiveduia

i - https://thepihut.com/products/official-raspberry-pi-7-touchscreen-display

3.4 wandwisildwmunszuy

1) Arduino IDE gavsuisfildluntsimuiay Weulusunsunagaoulndasuasa IDE
89311970 (Integrated Development Environment) A8 @U@ uU0352 UUNITNAIUINT DA
Fesng 9 flavAeetieide Developer athamdenudiiaw Application Liiaiaduliin
AT gNiDe wiug nemapuszuUTdavle vlEnsimunaueig 9 Fwndu e
gunvadlsunsy Arduino tneundudaaglngninlén AVR Unfiilesannlén AVR 1unis
Wnian3dawmesTaenss unlda Arduino Wndsuiladdu i eliaiunsaldeuldnlidne
11nNIINNTEulAALUY AVR %5 01e59udu 9 104 Arduino wazaunsaufuldausiuiu
Uo3n STM32 ladnse

2) Node-Red L1 Medium-ware Insfi il ug1unislda1ulugvuuy Flow-based
programming fivmuntunitensldauiu Internet of Things d@15un151491u Node-Red

Wudaudraanuinwsizau1sann by Flow TUSUAsua 19 9 W1 Browser Lotay
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WazLiled9n Node-Red gnitwunuy Javascript Fwiliaanseiaunlnanuaunsaesnly
&}

3) Ubidots 1Juunannesy loT wag cloud applications LUy Platform as a Service

'
a1

fdelgldauamnsaaiawoundinduiuedld aunsndeudedifuensauifuarduns
Adnealdrulusinaea HTTP / MQTT / TCP / UDP iiudayausundnduluaantg a1u1se
ahuanssalduiueundindugnimualiuansnunsusuusnisiesgivesldou
ansnasaliuonndiadurheuldeg198alutd venaini ssanmnsndenisudaiiou
(Events) oonlUdagldauiiimunld aunsodnvhuazdndsenusaluifauiignivuslag
199U @11150AANINN1TWAAINAYBITBLAUY Personal computer kag Smartphone
s2uUUUANT Android ¥l Ubidots aunsailessefugunsaiuarliuinises 9 ldeg

MIIAUADINITUBIH T

3.5 nsUszananadayaniglulasraulnsaiaes

waTilsInms Tadeluees INA219 aygnihuiUszananade STM32 §3n58UIuNg
naunmelulilpseeulvsaaesaziSuinnsetuamisiwesmliliidiunesmes 4 ns
fmun Baud Rate Tumssulagdsdoya uazshmsimusmuslinssiunosniieud1ves
gunsalusiazsa srudtnseualii ussduliiuazeamadnniwuge SuaU N kAN AT
nniudsmeenuniulusianea nszualntil, usssulwihuaraamgl #ldazgnasoonan
wioududuluslaneasdisieides ilaidudoyateaninsalimdnadosan nonganisds
Toyala [31] - [33]

Twmsideulusunsuas STM32 Tagld Arduino IDE ansnsavilgdwielud

a 6 a (3

1) 191 Google warAurlagldAgiisa Arduino IDE download %3 et 1lUNE ¢

a

https://www.arduino.cc/en/Main/Software Lﬁauaﬂéf’ma"l\‘iLﬁﬂﬁ@a%ﬂi’mmam‘w@f&g‘dw
3.16



[©'0) STORE SOFTWARE EDU PRO RESOURCES COMMUNITY HELP

Download the Arduino IDE

Windows Installer, for Wi
Windows 7IP file for non

ARDUINO 1.8.12 Windows app Requires Win 810r 10
The open-source Arduino Software (IDE) makes it easy to Get i
wiite code and Upload t to the board. It funs on

Windows, Mac 05 X, and Linux. The environment is Mac 0S X108
written in Java and based on Processing and other open- 8C O =
source sofware.

This software can be used with any Arduino board Linux 32 bits
Refer to the Getting Started page for Installation Linux 64 bits
instructions. T

Linux ARM 64 bits.

Release Notes
s e

[ (shas12)

HOURLY BUILDS Lol

55 e 2070 213457 GUT EETEEBRIIDS ©0 BETA

Dovnioad & preview of the incoming release with the most Downlozd the Beta Version of the Arduino IDE with
updated features and bugfixes experimental feztures This version shouid NOT be sed in
production.
Windows

37

Q @ sieNIN

5UN 3.16 uanmiaulunisivanlusunsy

2) WeunngIenmdnsanilidenty Just Download tielsuRuAAAYTIUA nTe

\denyu Contribute & Download tau3aatiuadvayuniaivles wdadnilvan

TuUsunsa Arduino 1DE Saifulewiugesaworivivag Tunidents Just Download (U7 3.17)

ARDUINO STORE SOFTWARE EDUCATION PRO  RESOURCES COMMUNITY HELP

Contribute to the Arduino Software

Conslgerupportingthe AfBuind Softivae by contributing1o s evelapment. (US t¥payars, please potg thisGongloutlor
45 n0%EaX deductiol@) ECRTYTIOTE Or HOW YOu €O n

\fﬁlg ﬁK %

WETih-Ar SHALLACOTRIBUTION! REVEMOER . OPEN SOURCE 15 LOVE

s10 525 $50 . OTHER

JUETDOWNLOY CONTRIBUTE & DOWNLOAD

31]17; 3.17 Dowload Arduino IDE

3) Aunmuazaullananuulig arduino.exe ISeninglusunsy
3.18

wU5IN0AMNANFY
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5Ufi 3.18 wtiwing Arduino IDE

4) paasuauianllrantausislaevinnsialuswnsy Arduino IDE watdnlua

File > Preferences

DC1652A | Arduino 1.8.12
{File| Edit Sketch Tools Help _

o—

New

Open...

Open Recent
Sketchbook
Examples
Close

Save

Save As...

Page Setup
Print

Ctri+N
Ctrl+O

E
Ctri+W !
Cirl+S
Ctrl+Shift+S

Ctrl+Shift+P
Ctrl+P

| Preferences - Cirl+Comma -

Quit

Ctrl+Q

gﬂﬁ 3.19 Select Preference Arduino IDE

5) Lﬁaﬂi’mg Preferences Tinnaanasnil

https://github.com/stm32duino/BoardManagerFiles/raw/master/STM32/package stm i

ndex.json U Paste (Ctrl+V) Tugos Additional Boards Manager URLs me3U 3.20 wAAdN

Ju OK iiieeanainlnezden



Preferences

Settings Network

Sketchbook location:

:C:\Users\kunan\Desktop\Project\Mbed Programe\\LT Sketchbook\LT Sketchbook ‘

Editor language:

lSystem Default

v l (requires restart of Arduino)

Editor font size: |12

Interface scale:

Theme:

Automatic ' > (requires restart of Arduino)

Default theme | (requires restart of Arduino)

Show verbose output during: [_] compilation [_] upload

Compiler warnings:

Display line numbers

Verify code after upload
Check for updates on startup
Use accessibility features

None v

Enable Code Folding
[J use external editor
Save when verifying or uploading

Additional Boards Manager URLs}

'E.com/stm32duino/Bosr&MénégerFiIes/raw/master/ST_IVBZIEckage_stm_index.json

More preferences can/be edited directly.in the*file
C:\Users\kunan\AppData\Local\Arduino15\preferences.txt

(edit only when'Arduino is net.sunning)

6) Runtluan ussakazlauss Inyldads Tools > Board > Board Manager A9

U 3.21

[ ok

5UT 3.20 Preference Arduino IDE

U

& DC1652A | Arduino 1.8.12

File Edit Sketch

DC1652A §

91 #includ
92 #includ

TI'OOI;J Help

Auto Format Curl+T
Archive Sketch

Fix Encoding & Reload
Manage Libraries...
Serial Monitor

Serial Plotter

Ctrl+Shift+l
Ctrl+Shift+M
Ctrl+Shift+L

WiFi101 / WiFiNINA Firmware Updater

——

[0/ Board: "Arduino Uno”

Boatds Manager.

Port
Get Board Info

Arduino AVR Boards
Arduino Yin
— 5

®_ Arduino Uno

Programmer: "AVRISP mkil" b
Burn Bootloader

I
=l

5U7 3.21 Board Manager

Y

Browse

Cancel
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7) ¥hn1s Search Lilafum STM32 Cores wédananiity Install faguil 3.22

Boards Manager X
Type |All v | |stm
STM32 Cores A

by STMicroelectronics version 1.8.0 INSTALLED

Boards included in this package:

Nucleo F207ZG, Nucleo F429Z1, Nucleo F767ZI, Nucleo H743Z1I, Nucleo H743Z12, Nucleo L496ZG, Nucleo L496ZG-P, Nucleo L4R5ZI, Nucleo
L4R5ZI-P, Nucleo FO30RS8, Nucleo FO91RC, Nucleo F103RB, Nucleo F302R8, Nucleo F303RE, Nucleo F401RE, Nucleo F411RE, Nucleo F446RE,
Nucleo GO71RB, Nucleo G431RB, Nucleo G474RE, Nucleo LO53R8, Nucleo LO73RZ, Nucleo L152RE, Nucleo L452RE, Nucleo L476RG, P-Nucleo
WBS55RG, Nucleo LO31K6, Nucleo L412KB, Nucleo L432KC, Nucleo F303K8, Nucleo G431KB, STM32F030R8-DISCVL, STM32F072B-DISCOVERY,
STM32F100RB-DISCVL, STM32F407G-DISC1, STM32F746G-DISCOVERY, STM32L475VG-DISCOVERY-IOT, Discovery LO72CZ-LRWAN1,
SensorTile.box, STM32F030F4 Demo board, STM32F030F4 Demo board (16Mhz), STM32F030F4 Demo board (internal RC oscillator), BluePill
F103C6 (32K), BluePill F103C8, BluePill F103C8 (128k), BlackPill F103C8, BlackPill F103C8 (128k), Generic F103R8T6 (Blue Button), Generic
F103RBT6 (Blue Button), Generic F103RCT6 (Blue Button), Generic F103RET6 (Blue Button), HY-TinySTM103TB, Maple Mini F103CB, RobotDyn
Blackpill F303CC, Black F407VE, Black F407VG, Black F407ZE, Black F407ZG, Blue F407VE mini, DIYMORE STM32F407VGT, FK407M1
STM32F407VET, BlackPill F401CC, Core board FA01RCT6, Sparky V1, RAK811 LoRa Tracker (16kb RAM), RAK811 LoRa Tracker (32kb RAM), RHF76
052, Armed V1, RemRam v1, RUMBA32, STEVAL-3DP001V1, PRNTR F407 v1, EExtruder FO30 V1, Malyan M200 V1, Malyan M200 V2, VAKE v1.0,
Afro Flight Rev5 (8MHz), Afro Flight Rev5 (12MHz), MKR Sharky.

Online Help MoreIFfo " select version sl ' Remove

Close

5UT 3.22 Install Board STM32

u

8) yhmsidieu Code ilanagou (§Uil 3.23

File Edit Sketch Tools Help

1 >
# SPI.h

# ide <Adafruit INA219.h>
# ide <Adafruit_GFX.h>
#

]

.

clude <Adafruit SSD1306.h

OLED (SCREEN_WIDTH, SCREEN_HEIGHT, &Wire, OLED_RESET):
ruit_INA219 ina219;

relayl - 2 , relay2 - 4; |
ermistorPin0

ermistorPinl
- Un V.

Ui 3.23 uansnisifenulusunsuastu Arduino IDE



9) WUl Tools wievin1sdieAnas Upload 1Ju Board igiaenis (g"dﬁ 3.24

Blink | Arduino 1.8.12

File Edit Sketch

at

Tools Help

Auto Format

Archive Sketch

Fix Encoding & Reload
Manage Libraries...
Serial Monitor

Serial Plotter

WiFi101 / WiFiNINA Firmware Updater

Board part number: "Nucleo FO91RC*

U(S)ART support: “Enabled (generic ‘Serial’)"

USB support (if available): "None”

USB speed (if available): "Low/Full Speed"
Optimize: "Smallest (-Os default)”

C Runtime Library: "Newlib Nano (default)"
Upload method: "Mass Storage”

Poit

Get Board Info

Programmer: "AVRISP mkll*

Burn Bootloader

Ctrl+T

Ctrl+Shift+l
Ctrl+Shift+M
Ctrl+Shift+L

5Udl 3.24 1390 Board #1#9sn13 Upload aq
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10) auiulidnszuuinsyianuaudsfinvun Iaeseuuyianis Charge aguansss

U

SUN 3.25 UAgIzULYINMT Discharge IwUandfaguil 3.26

5Uf 3.25 52UU¥ANg Charge




a2

SUT 3.26 SEULIIINTS Discharge

Y

3.6 N135h91U Node-Red Uu Raspberry Pi
ﬁau%"ué’aqﬁmﬁaméiy’qazuwﬁﬁ’amﬂﬁﬁ’u Raspberry Pi-fiou lngszuuufiinnsild
i\ 01 Raspbian sruvUfURNsAMTUAAR 149 1mUL Raspberry Pi Walu181210 38Uy
Debian Linux wixgdnsuiinanldinisneaes uazauddeiieatusyuvnonfiomesuuy
98 (Embedded System) Tneagdl NOOBS iluiespafielunistisfinssseuuufiansls

Raspberry Pi vilrauisafanslaine [34]

3.6.1 ijy’umaumsamﬁy’qsxuuﬂﬁﬁamsuu Raspberry Pi
1) atlluan NOOBS il https://www.raspberrypi.org/downloads/noobs/
2) Format Micro SD Card lagdl File System 1Ju FAT32
3) wan Zip 18l Micro SD Card #9¢l4fas 0S
4) 11 Micro SD Card 31ld Raspberry Pi 4 Model B
5) UawA3ed Raspberry. Pi
6) wwumiinvansinga ImAenszuuUfiRnis Raspbian wéana Install
7) s03ulase lneszuuasdl Default Ao
Username : pi
Password : raspberry

53UUUf]URN1T Raspbian Liasua1gadlusunsy Node-Red finsaunliag

Y

W WANMNABINITARANLIBSTUBNELTRIBAARILGAN hitps://nodered.org/
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i Facebook x | 8 Node-RED x | &2 Running on Raspberry  x | +
& > C & https//nodered.org tart +* W @II ()

Node-RED bou bl documentation

docs + getting started + raspberry pi

| prerequisies Running on Raspberry Pi
Installing Node-
RED
Running locally Prerequisites

Running as a
service If you are using Raspbian, then you must have Raspbian Jessie as a

minimum version. Raspbian Busteris the currently supported version.

giJ §i 3.27 Gumadmunsiniiusunsy Node-Red Uu Raspberry Pi

fiun : https://nodered.org/

3.6.2 N5 WulYsNSU Node-Red
LWYINN15ARAIUSINSY Node-Red 138U D8MAIMAIINLUL TR US AT DLSY
TFnulpevinaudunsusnsaldd

1) 10a Terminal 909 Raspberry Pi Laziiui Node-Red m’mgﬂﬁ 3.28

E .pl@raspberrypx

-——@ T3

Fne Edit Tabs | Help

gﬂ‘ﬁ 3.28 w@ma Terminal ¥e9 Raspberry Pi
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2) 'lU7i Web Browser w&ald IP Address 284 Raspberry Pi Ingld Port 1880 &4

File Edit Tabs Help

5UM 3.29 uaninsviuvedysingy Node-Red Uu Server

3) 9zUsnglsunsy Node-Red sisguf 3.30 uaz 3.31

%)

a. V&N B Cw W VT S

Vo RERRL : A
$ G L HE Eoderen consolel #8NodeRED Y Chio. . . B | 18:44
= J

& Node-RED XA+
ENC @ 127001850 a % B9 ©
=< Node-RED

oS

Node-RED

U 3.30 wansns Log in Aewldenlusunsu Node-Red



68.137.144 (raspberryp NC Viewer

Wi 192.168
‘ @ .[NodeRED console] c Node-RED - Chro...

Node-RED - Chromium

& S5 C ©® 127.00.1:1880/#flow/edc5e20.23844 o Q ¥w W9 6 :
o clowt Y 4= i info i ||l o~
common - “ | v information
Flow “e9c5e2i0.23844"
)
B =7 b w1
[ complee b - Description
[ cach -
s
( ink in
fink out |
| omment |
-
function - »
e 4

U 3.31 uananthmdnlusinga Node-Red

3.7 n'li?ilams%’agaszwjfm STM32 wa Raspberry Pi #in8 Bluetooth

45

Tudruilazldinseeiloiyeai1 Generic BLE v@4lUswnsy Node-Red vJugaielunis

deanstoyariu Bluetooth 5emine Raspberry Pikay STM32 suduneusiasioluil [35]

1) asudenisivavestoyadniunisvinaunes Generic BLE mugui 3.32

192.168.137.144 (raspberrypi) - VNC Viewer b —-=
> R R 4 8 = ~—
81 (AR E._ [NodeRED console] @NodeRED - Chrox 3

Node-RED ~Chromitim

| '@ Node-RED x|+

€& o ‘Cao ® 1270.07880 4 Inv /e9ebe2{0.23844

Flow 1 » [ +il= | IM s debug @
~ common \ l‘.. a_ v
= :
hmestampw
- \ » { uuid: 9280 2"
| ==t 0
,,,,,,, v
e mmm_/
= | 1 » { uuid: "828
| complete (O characteris
1 caich =
o= o —— S )
| saws & .
J— uuid: "8280e1803412"
| Enkin (O ~ characteristics: objec
O ok out ] BlcSGbSB 45:11:—230730802 5d5c51t
comment | 0: 37
- 1: 0
~ function v 4 > 1
“Tol+

JUN 3.32 uansdsnisivavestoyadmiudoansteyaniu Bluetooth
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2) Tasnsdoanssin Bluetooth azldf Mac Address uaz UUID Tunsidhiisdoyasgy
7l 3.33 uay 3.34

b

192.168.137.144 (raspberrypi) - VNC Viewer — O X

7 @ [NodeRED consolej @:Node-RED—Chm...

Node-RED - Chromium

| & Node-RED x| +

& > C O 127.00.1:1880/#flow/edc5e2f0.23844 Qa v+ B9 6 0

| Edit Generic BLE in node it debug B[ |(lw| v

| Delete |

— : =
& Properties

m blect
» { uuid: "6280e1803412",
- . - characteristics: object }

54652 PM  node: 4764061c.372214

| | n te
75 M| K4 ||, » { vuid: "8280e1003212",
77 = characteristics: object }
@ Emitnotfy events |
|, 320z
Stringify in payioad sy payicac

¥{ vuid: "9280e1803412",

characteristics: object }

=2 PM node: 47640b1c 372214

Otject

V162020, %4682 PV node: 4764061c.372214
=g payicad,: Object
» { wuid: "0280e1803412", )
lp.characteristics: object } v

S cakV., T ___ NS Empy — . >

1‘ ¢ MAC l 19: Smvams- g 65
{ “:uuD £ mem e 165 '

i 9 Listening )J B \OFE> Ja 0O I
Period (milliseconds) | |

# GATT Characteristics

| Device Name (2a00) Write Read |
{ org.bluetooth.characteristic.gap.device_name

J‘ Appearance (2a01) Read
Iy I org.bluetooth.characteristic.gap.appearance

| Peripheral Preferred Connection Parameters (2a04) Read
org.bluetooth.characteristic.gap.peripheral_preferred_connection_pararr

O 0 node uses this config On all flows j

U 3.34 Mac Address uaz UUID fil#lunsidhiistoyaves Bluetooth

Ingludinyes GATT Characteristics agiludayaiianusng1uléain Bluetooth
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3.8 N199@NLUU User Interface 310 Node-Red Ui Raspberry Pi

Tufadedasidunisasns Ul §18 HTMLS 91n1Usunsu Node-Red wileidudenanslu
n1sfnsenazlineusznIngldivaunsaldidnnsefindlauazuananan1une Raspberry Pi
aupiidenld HTML5 1osndinsusuiiia Feature nangograilolvigimunanusaldau
#ieTu ansnsouansualdiunn Web browser aanisldudndufivewatng Adobe Flash,
Microsoft Silverlight, Apache Pivot atuayu 3ale waresfUsEneudssurdedaniiie
F19 9 WINTu usireufiazadas Ul Fududomsudeuineslshedsiifeansazuand il diiu
waztudefiannsalineuldseninegfldiugunsaldidnnsetind

\osanusyginusatuiiiaues ssszuudanisuunines uuaaadunanasu
ﬁaﬂfuﬁﬂ'a:ﬂaﬁﬁ%ﬁuéf@mamuu Ul W Amndlfinvesunasdnendsnuitinsiu SOM120
Energy meter, USeLANTaewumaa3fild, d1mnsluiives String battery uaz Cell battery
(wsasiulngl, nszualwiin, guumadivunines, gamaddwindes, SoC waz SoH) Ingdsnns
a¥19 Ul azuamanafunewusaste il

1) adrdsnsinaresdeyadmiuiansamsliinveaunasinelnifnsiiu SOM120

Energy meter mmg‘dﬁ 3.35-3.36

= Node-RED x> INode-RED Dashboard = x.| ‘+

oD C  ©27.00:0:880/F 6w/ F 0daT Sk &

T . ) L)
(17 conqume somer et o bighbagn [P ———
— )

3UN 3.35 den1slvavesdoyadmiukanaimislninvesunasanglnii Tasnu SDM120

EnergyMeter



Node-RED Dashboard - Chromium

Node-RED x | >2 Node-RED Dashboard x| +
€& > C ® 127.0.0.1:1880/ui/#!/0?socketid=vg300MOEsj7TEgo50AAAA Qa v« B9 6 :
SDM 120 Energy Mete
Voitage v
Current A
Freguency Hz
Total Energy KWn

5T 3.36 Dashboard uamsdwnslitihiidnldan SOM120 Energy Meter

2) wanswazdoanasuunneslagly Ul Media fagum 3.37 - 3.38

192.168.43.231 (raspberrypi) - VNC Viewer = O X

3UN 3.37 szyvilnvasiuningd
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192.168.1.106

= Battery Type

(raspberrypi) - VNC Viewer

Lithium lon

Panasonic NCR18650B
Features & Benefits  Specifications Dimensions
+ Hagh encrgy denty Rated capocty® | Win. 3200man Max 133
ot [ Bt
+ el for rotebook PC, L o 5
bosstars, portable devices, | Nomnal veltage |16V wanate (9
Lo Charging CC.Cv, Std. 3625mA, 420V, 4.0 hrs o
Wegt imec)485¢ i
Temperature [— i "
Discharge. i .
IANE]
Netersree

Discharge Characteristics (by temperature)

" s count
Discharge Characteristics (by rate of discharge)

’ v

31]171 3.38 Dashboard L@ng datasheet %amwmmaé

3) afeianisivavestayadmsusansdnisliiaues String battery (Wseaululvin,

nszualni, gaumagl, SoC wag SoH) mugﬂﬁ 3.39 = 3.42

192.168.43.231 (raspberrypi) - VNC Viewer

sUN

Y

3.39 dsnsiavestoyadmiuuansamialiives String Battery



192.168.1.106 (raspberrypi) - VNC Viewer

Node-RED X | 2 Node-RED Dashboard % | +

& > C ® 127.0.0.1:1880/#flow/bc35185.2965a ~Q % W09 6 :

-~ i -
+ common Delete cancel - @
I l TS — J s (S —

| © Properties (2|35 | rabs & vinks e[ o]

et H

W Name State of Charge A4 > BB 261dball. 768906

/ Function > v B string Battery
var paylead = msg.payload; > B8 90b972eb.b2afl

2 msg.paylead =({{msgipayload-3.6)/(4.2- ))*108; =¥
g 3 return msg; v B cell Battery

> B cell1
> B8 cell2
J y a8 T ¥ ~ B Battery Type
rl’ 4 ':. > B8 Lithium-ion battery
i _‘i = _7\ v Bi sting Battery -
L | Ahad | .
5UM 3.40 fandudmiuauin SoC valunAed
192.168.106 (raspbereypi) - VNG Viewer — O X

|18 Node-RED x | = Node-RED Dashboard- % ||+

&€ S5 'C ,© 127001 1880 owrbe35 3520558 - Q% W9 6 :

Edit function node

il SDM 120 Energy Meter

 Name ismeulheelm & > B8 261dball 768906
# Function 7 v B sting Battery
WA, var payload = msg.payload; > h* M 7 A > B8 90b972eb.b2afl
112" msg.payload =((586-((({msg.payload-3.6)/(4.2-336))*180))/5%)*166; | | =
3 géturn msg; v B cell Battery
| > B8 cell1
I > B cell2
v Hi Battery Type
¢ Oupus 1 : » B8 Lithium-ion battery |
v Hi swing Battery )

3UM 3.41 dlandudmiuduim SoH veauunmnes
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192.168.1.101 (raspberrypi) - VNC Viewer - O

= String Battery

gﬂﬁ 3.42 Dashboard wanarnialives String Battery

4) asrelsnsiuaveseyadiniukaniaimsliiives Cell Battery (Wsadulniln,

nszualndin, gamadl, SoC uay SoH) fegud 3.43 - 3.44

192168143231 (raspberrypi) t VNC Viewer - m]
""" =
)
~ ¢
I Node-RED X [ -2 Node-RED Dashboard x| +
& S¥ICY @) 12700.7:1880/#flow 860efe73.d2d8F Qa %' m 9 6
oo TR - HEQUre Detangee = +|[=] [Wansnbosrs W -
o 3 L , JIC> 4 Z 3 ) Fdi =
> A’ Layout || Ste Theme | @ &
N . Tabs & Links Ve
‘!L\ A‘ trum ~ EI SOM 120Enesgy Meter &
Ex‘ WD & 261dball 708308
RN e o
i' m\ “unﬂ = c:‘lra;:zr_.‘
ER AR (LT
Pl e e
3z 1 nn-m-zE = SOM 120 Energy Mete
[ ‘soccmz [
DL ;-«e-:m
4 » nd

JUN 3.43 fansivavesdayadmiunansrmslniinves Cell Battery
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192.168.1.101 (raspberrypi) - VNC Viewer - O

= Cell Battery

Cell 2
Vokage Cetl 4167V Voage Cen 2 a1625v
Current Celi 1 0025A  CumentCe2 0.0254

Temperature Cell 1 33C  Temperature Cell 2 3s’c

SocC cell 1 Soc cell 2

945% ‘ 93.75% !
100

100 °

SoH Cell 1 SoH cell 2

99.42%

gﬂﬁ 3.44 Dashboard uansamslninves Cell Battery

3.9 MSUINRBUKIU Line notify A28 Node-Red
NMSUIUABUNIU Line notify @18 Node-Red divumnaulunisdnvinnsseludl
1) a%ffmﬁﬁﬂﬁiiuasuaﬁaagalﬁaﬁwmilﬁaLﬁauchu Line notify mugﬂﬁ 3.45 (N3G

Bluetooth w83 STM32 91an15sesaiu Bluetooth v8 Raspberry Pi) [36]

JUN 3.45 fansivavesdayaiiiorinisudusausu Line notify
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2) Weuileddunmguil 3.46 - 3.47 Tnglunseudivdsude Token ¥84 Line notify

Tnedunaun1soon Token mmia@iéfmﬂ https://notify-bot.line.me/th/

192.168.43.231 (raspberrypi) - VNC Viewer - ]

N [EiNode-ReD console] ({8 Node-RED - Chro..

Node-RED - Chromium
\ Node-RED x | »2 Node-RED Dashboard x| +

€& > C © 127.00.1:1880/#flow/7747e4df.500aec

Ea tunction node

@IS SRR - form- U acudad T AUTRor IO RS SEBTOGG XEET 5
ansa=on - nsg.paylosd) .

3UN 3.46 flanduiiiovinn1suisiiounu Line notify

192116271 707 (aspberrypill- VNIE Viewer

@ BAE

I
v 1

31]17; 3.47 $9A1 http request

3.10 A19a39gudaya SQLite Uy Raspberry Pi

\{l9991n Raspberry Pi i1 SD card Lﬂwﬂaamwmﬁ’wLWiwazﬁ?uﬁuﬁiuﬂﬂiLﬁU%’ayjaﬁa
Aoudadta fuTadenld sQLite et saLite iulusunsugrudeyaiifoumdnuin
Augudeyadulndlnglbidniudesidimnes Tng¥nsvhiideielud (37)

1) asedanisivavestoyanusui 3.48
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1?1‘15‘3.1‘1‘21wra'rberr‘pu VNC Viewer - m] X

!\ @E) -[NodeRED console] c Node-RED - Chro...

Node-RED - Chromium
x | »= Node-RED Dashboard x| +

& > C © 127.001:1880/#flow/aded]5f 47e5ae8 Qa % B9 6

SQLIte Database IE 4l dashboard i [a] ] -

7 v H CetBamery T
> @ can
> @ caz

+ EL Power Supply

[ —
‘-

© H sy Type
EER TR = o oy
L
+ H SrrgBaney
> @ barereBd ecs

v H Cet Bamery

,3,
:

2) Weuilantuiesunazuandaiiy Node-Red anuguyt 3.49 - 3.51

Wil 192.168.432231 (raspberrypi) - VINC Viewer O N

t; @ A-i- -{NodeREDconsole] % ode-RED - Chro.

Noce-RED~ uhrum:um

| &2 Node-RED X \‘ -2 Node-RED Dashhoard | X' |

& S 'C @ 127004 |830/Eowaded] 5T 47e58¢8 Q% W9 6 :

PVMHID"H
\ F 5 P e

-
S rroggles [ ) L IO\ - 152 J ( ) = lo ﬁ‘ j Tabs & Links ¥ =
| ~ Bl SOM 120 Encogy Meter &
1 % e arife query I a- » 8 2610ba11.708906
| AFuncoon 7 ~ B Sring Battery

Wi var d @ewiDatel); > S8 5009720 nZart
I 27 yar tinettemo . dgatTive():
v B Cet Baery
> 88 Cettl

> & Cen2

! msg.payinadicountsy

~ El Power Supply

1C%EC INSERTRINTO MEVESR' VALMES Atimestagp + + nsg.poyloRditirstnane 4 + msg.payload. lastnane + * o+ msg. > £ SOM 120 Energy Mete

* Bl Basmery Type
> 2 Uthwm-ion batery
v B SvingBattery

4 R — » > 8 B27EIeBd. D005
v t Bamery
X Outpues 1 = H cel
| > 8 ceny
< v
I ) Enaties -

UM 3.49 WenduiitesunasuansAniiy Node-Red
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192.168.1.101 (raspberrypi) - VNC Viewer - O

’\ @ @ [NodeRED console] @Node—RED Dashbo... )B =T ) 2125

Node-RED Dashboard - Chromium
Node-RED x | € Node-RED Das X | & Node-RED:19” x | € Node-REDDas' x | +

Vi 21 2%e0rketid=OVEED ~7-nWI IKTWYDAA A A .
& > C  ® 127.00.1:1880/ui/#/3%socketid=2VF52cZ-pWUKTWyDAAAA a +* B9 6 :
= SQLite Database
! Index Timestamp Voltage Curmrent  Temperature
s o 841 0.093 34
,,,,, 1 1287300203526 8.41 013  3a
0720 2 15a7300178272 841 020 34
3 a4 o 3a
Teriperasas 4 1387300121095 8.41 0.230 33
34 s 841 0371 3s
o 1287300071073 8.41 o484 a7
m— 7 1387300042999 8.41 064 a7
B 1587300011944 8.41 070 39

—r 4 5% /(0 L

| &3y Filesystem Root } oA - = i
—— . — /_‘_‘T,::T_:';i Desktop = Documents Downloads = MagPi Music

r [ggev I S (g - _ |

o Iyl dad=l B > &

I | et §

P> ete I . o | N~ b

I Pictures Public Templates  Videos sqlite

! {52 Documents

'Downloads "

3
10 items (18 hidden) "\ 7 Cied space: 21.6 GiB (Total: 28.9 GiB)

5l 3.51 lnild SQLite fidaAuaglu Raspberry P

3.11 n’li?ilaﬁ’li?’faagaiz'i’m Raspberry Pi uag Cloud computing 428 MQTT

TUslanea

iesan MQTT Wslnasagnesnuuusniiieldaufugunsaididnnsednduunadnidu
naLdousieuuy M2M minedsgunsalileusiodugunsal afuayumelulad Internet of
Things Tnefi dutnesidnaiuisaidensodugunsalsng 9 Ie §9n158oansdoyasening
Raspberry Pi uaz Ubidots Cloud computing (Ubidot) uneusielud

1) ahafannslnavestoyalaglilvun MQTT TUslnneaniugud 3.52
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192.168.43.231 (raspberrypi) - VNC Viewer - a X

“ @ | @ [NodeRED console] @ Node-RED - Chro...

Node-RED - Chromium

| & Node-RED x| +
€& > C © 127.00.1:1880/#flow/992fb2c3.e60d6 aQa ¥+ B9 6 :
a Flow 1 Flow 2 P+ ||= it debug i : Lt |~
e
function mm—w
function s} ode: 7
4 swich 1.7
e p =
S e | Dot bioniinn
p ;‘;_p"_" O __?'“JH_” =

Uil 3.52 uanafsnslvavesteyalneld MQTT Tuslenea

2) suidamandi Blog ves MQTT iasisarlun19id18s application ¥4 Ubidots H1u
MQTT Tuslmmeansiguil 3.53

B8 "152.168.1.101.(raspBerrypi)- MINC Viewer - O

& ©  HEE Eliodered consold 7: RED - Chro.. 2 Foe) 2334

Node;RED - Ghrom U v O x

["@ Node-RED x| +

v

3UM 3.53 uanen1snvun Token iiaidntlanisdeansteyariu MQTT Wslamea

lngtunaun1seean Token ansaglaainyiade 3.17 n135UA13IN Edge computing

3.12 Siemens Simatic IOT 2040 to Cloud
dwu Siemens Simatic 10T 2040 TszuuUFtAnIsdu Yocto Linux tasanszuy

U{URNstgnitmwn e uneau Embedded System WussuuyuuAnisiiasng Linux
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Distribution fiAuanusalunis portability fevunediidnusviiauuugunsaliifianuia
Yo3815a5kiNAUle 19 Siemens Simatic 10T 2040 TunisipAmassuliivesniies
nmaneiiniu SDM120CT Enerey Meter aziannauy Raspberry Pi wavaslud Cloud s
MOTT Wslnroa lnsasuansmuduneusoluil

1) ﬁmsﬁgﬂiwuﬂﬁﬂ’ﬁmiﬁm%’u Siemens Simatic 10T 2040 Tngdunaulunisinga
mmmalé’fﬁ]’m https://help.ubidots.com/en/articles/2046638-setting-up-the-siemens-
simatic-iot2000

2) WalUsunsu Node-Red wazairadanisivadeyadmsunisenudmaanuluives

wnnesdnmaneinldain SDM120CT Energy meter augUil 3.50 - 3.55

2} 6841 10}(raspbe [Evigwer 4
@ [NodeRED consolej ;JE‘i‘:ﬂ:_;deP.—REB*—"ChroA..‘1

e
Node-RED"- Chromium

| /& Node-RED x |\>2 Node-RED Dashboard. _x | +

& S _C 7O 127.0.071880/ HHiew/s60efers 42d8T a %+ B9 6

TR e T

et

e LY
~ M

, i)
(| i ) b T - TR |
| e, S e

pa s $ )
L ] s tcinan ,%,4
.

BF R s
e
[ [BM: = ‘nvnl:'\’«_- - —‘f: ‘
“ ThooeaTagd® ——  socsc o necmenn o) A
N v - N & 4 R

JUN 3.54 uanadsnistvatoyanmsindndanuliihvewwiesdnnans



192.168.1.101 (raspberrypi) - VNC Viewer e O X

[Node-RED console] @’Node—RED - Chro...

Node-RED - Chromium

x | < Node-RED Dashboard x| +

| @ Node-RED

& > C ©® 127.00.1:1880/#flow/860efc73.d2d8T a v B9 6

U

5Uf 3.55 fwun Address la3uaTTIRBIN13In91n SDM120CT Energy meter
Tng Address @111309laa1nN1ANWIN SDM120CT Energy meter datasheet

3) sruilamaniilvun MQTT 21n1iuld Token Y83 Ubidots Litevin1sdeanstayanis

5UTl 3.56

B 192.168.43231 (raspberrypi) 5 VNC Viewer

| & Node-RED x4

EN S C & ® 127.00.1:18804#1T0W,/90255263 26046 Q % B9 6

33 PM  node: T9e3C343.4B1E0E

1
W Name
59 PM  node: 79e3c343,0B1E08
Connection Security Messages 1
2 node: T3e3C343,dBIECE
& Usermname BBFF-XmFHkjkhOcbZoobFjlrcBpgMiaHkfc curent : msg payoad : !
1
& Password
20, 1002 T9e3c343. d8rE0e
power : msg payices - ru
10282 node: T9e5c34 dB1BCE
voltage - meg paylond : num
-
OEnabled | @ 1 node uses this config on all flows v RN ’f

5 3.56 1d Token w83 Ubidots Litevihnnsaeansdeyasiiu MQTT Wslanea
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TUnoUN1508N Token 8¢ Ubidots a13aglaainiade 3.17 n153ue13n Edge

computing

3.13 A19eeNglHUIN1T Cloud Platform

MnqaandAninseanuuy §3nvidaldidontd Ubidots 491w IoT Application
Development Platform lagdns1A1U3A15004 Ubidodts wsﬁuagﬁ’mzﬁuﬁlﬁaﬂlﬁm 1oy
Tulassawigdavldidonlduuy Professional Fsfleldd1sog $199/month iilasand

AuaudRisanesonisldu Fslunmsdnilassnuduiisssimeasddivintu

3.14 n15a319 Application lnald Ubidots

vnsadasldon Ubidots Tnefidunousselud [38] - [39]

1) 457 1UA Ul https//www.ubidots.com/ wd k8 en Sien up i NIULNAT8S
Ubidots aguanasaguil 3.57

o0 - -
seo UbidOIS ABOUT  INDUSTRIES-  IOTECOSYSTEM  PLATFORM  PRIGNG  RESOURCES~ D (o)
Seoo -

Data Drives Decisions

Rapidly assemble and launch Internet of Things (loT) applications without having to write code or hire a software
developmentteam.

GET STARTED FOR FREE

'\4;,‘

U 3.57 wananthiauwiaes Ubidots

2) nsendeyadmiunisameileuainiuden create my app teas1s Application

niaamnzileuves Ubidots azuananagui 3.58
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Ubidots Low-code loT Application Development Platform

Atoolkit for assembling and launching Mobile and Web loT Apps

Username

g' “ﬂ\\\\“‘a e &

'T T Email

App name Jiot.ubidots.com

/ CAp
. o)
Z, ‘ ﬂ Password =

CREATE MY APP
dal p ‘Check out Ubidots STEM

3U# 3.58 uanmiiameideguves Ubidots

3) \d8n Login Wnevihnawmsideuvad Ubidots asuansdisguin 3.59

New to Ubidots? Create an account

5U# 3.59 uansminaamgllyuves Ubidots

4) flevhnisamezideudguounadiatu il Dashboard aztduninusniiusing

LLamé’ﬁgﬂﬁ 32.60

= Demo Dashboard i Jun10202000:00-Now + & W

35U 3.60 uanwin Demo Dashboard veawaUnaiaty Ubidots 7ias1a7u
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n1514971 Ubidots U Smartphonelusguu Android @ snsavilalagnisa1iiluan
Application nasantuinnsidigszuulunthameideu (JUN 3.61 uazansadifeloys

Aldelaanuthdeyadldnudsgun 3.62

Ubidots

JUT 3.61 uanshamgileuvedueundindu Ubidots Ui Smart phone

Settings

*‘ bmso

< API keys

Ubidots for Business

1B  Docs
i3]

5] Log Out

3UN 3.62 uansmimthdeyarldauvessundiadu Ubidots uu Smart phone
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3.15 msaseaunsal, daulsuaznguvasgunsal
ﬁwmia%ﬁqqUﬂiajLﬁaﬁ'mmﬁumﬁaLLUiﬁ%’Uma'mehu Edge computing kazy11n1s
a$19nguvesgunsal (Device Group wiadnnguvesgunsaliliertesiulmdungu lned

Tupaulun1sasisgunsal, Mudsiagnquuasgunsainiolul

3.15.1 msadegunsaldmsuiuiauyseng o fisuAunaindau Edge computing

Tma%aqﬂﬂizﬁﬁ?fa%’w‘fuﬁ%gﬂlsﬂuﬂ'ﬁé’wéqLﬁadammﬂ Edge computing
fupoulumsassgunsniiifeolud

1) 1den Devices lunaumydiuuy hmsasrsgunsallug Tnenadl Create

Device axUsnguiiisnsdasuil 3.63 \den Filters n3aLdon Blank Device (faogsiidon

Blank Device)

)
CONNECTIVITY HARDWARE TYPE
( Ethernet (. Cellular ) (' Chips & Modules ) { DevKits )
\ ) J N AN o
\" TR\ /7Y 2F O ( 5. BF Y
| kLoRnWAN ) LTEM. ) ('NB-oT' ) (- Gateways=) ( Production Ready | )
) ( / . > J
N, a2
(Sigrox) (wiri")
2 \ o
INTEGRATION TYPE
F—\\De e
(“ubrary’ ) Plugn-piay )
(Tutormi

{

(@) b og Aonion @
Blank Device, Adafruit Ambient We.

Technology

3UN 3.63 uansisinglunisasnsgunsal

v Y
(Y

2) finun¥e Device name wag Device label lnsdiafinstuasgnululdnig

9199185 UARIN Edge computing AsRsunsnalull [40]



Data from device
received

“MyDevice_1"

API TOKEN Authentication

No

63

Is allowed? — Reject Data

Yes

Device "MyDevice_1"
exists?

Yes

Update data of device with

No

Create new device with
label="MyDevice_1"

label "MyDevice_1"

JUT 3.64 flsanuaninsiuA1ngunsaives Uidots

i - https://help.ubidots.com/en/articles/1330905-automatically-provision-devices-

and-variables-with-ubidots-api-labels

A15199 3.3 Lang Device name wa Device label MMNuUnTU

Devices

No.

Device name

Device label

Supply Meter

supply-meter

Batter String 01

Battery-string-01

Batter Cell 0101

Battery-cell-0101

2LV DN

Batter Cell 0102

Battery-cell-0102

NP egUnsainium1519913.3 laslull esduazuaninisasnagunsnite

Supply Meter Lﬁ'amsa%ﬁqqﬂﬂsaj Supply Meter Lﬁ%ﬂﬁ‘u%ﬂiﬁﬂg%ﬁﬁﬁmﬁﬂgﬂﬁ 3.65
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- I——

Filter by: All organizations °

Devices
D NAME LASTACTIVIT CREATEDAT RGANIZATION
@ Supply Meter 9 days ago 2020-05-21 21:54:14 +07:00 My BMS team

3UN 3.65 uanssgavidunvetgunsal Supply Meter Minnnsasnatiu

3) ﬁ%ﬁﬂ’qﬂﬂiiﬁ Batter String 01, Batter Cell 01018y Batter Cell 0102 a1y

19197 3.3 Weasgunsaladaduasysnguindeassui 3.66

; €
Devices (5]
i
Filter by: All organizations (@
Devices

D NAME CREATED AT ORGANIZATION ION
Batter: 0102 9 days ago 2020-05-21 21:55:12 +07:00 My BMS team
Battery 1 9 days age 2020-05-21 21:54.56 +07:00 My BMS team
@ Batte 9.01 9 days ago 2020-05-2121:54:39 +07:00 My BMS team
@ s Viete 9 days ago 2020-05-21.21:54:14.#07:00 My BMS team

3UN 3.66 Uane318auldenved Device anuAMinN1sas9Tu

4) wilugUnsalndeenisiiiemnun ez deaialAnues Devices LYu
Description, Location (\untsfifvunpa ANANRRYIIAINSIUNITIAAN AEIAINTTUAIENT
andumalulagnszaeuinatdtnunmisatnnssy lu UM 6.7 azuanin1sivum

JeazdenvasaUnIaite Supply Meter
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@) s

© SETLOCATION

Supply Meter 2 e (E2)
g EOW e S

JUN 3.67 uanssgazidenveigunsalve Supply Meter

3.15.2 N13a519AuUS
lagluunazgUnsalas aalidaulsv19lug Unsald 9 Edge computing

ALYINTAIANIUAILYT UBNANUAILYSAVIINITEST 19T war sl ulairer1Au (Raw

'
a

NSN30 Edge computing #5810 U Synthetic 7 LAAINNTSES 1WAUNITAIUIN

Qe

Funaulunisas1eiwlsinmaluil

1) Mvueseazidenvesiiulsidesnisassluusiazaunsnlfmigen 3.4

15197 3.4 LARISIURLDEATDIRILUSNAMUATY

Devices Variable
No | Device Device | No | Name Variable | Allowed | Uni | Type
name label label range t
1 | Supply | supply- | 1 | Current current | 0 2 A Raw
Meter meter 2 | Power power 0 | 28 | W Raw
3 | Voltage voltage | O | 24 | V Raw
2 | Battery | battery-| 1 | Current current | 0 | 200 | mA Raw
String string- 0
01 01 2 | Voltage voltage | O | 84 | V Raw
3 | Temperature | temp- | 20 | 100 | deg Raw
Battery bat C
4 | Temperature | temp- | 20 | 100 | deg Raw
Environment env C
5 | Status status 0 1 - Raw




A1519% 3.4 (A0)

66

Devices Variable
No | Device Device | No | Name Variable | Allowed | Uni | Type
name label label range t
2 | Battery | battery- | 6 | State of soh 0 | 100 | % Raw
String string- Health
01 01 7 | State of soc 0 | 100 | % | Synthet
Charge ic
3 | Batter battery- | 1 | Current current | 0 | 200 | mA Raw
Cell cell- 0
0101 0101 2| Voltage voltage | 0 [ 42 | V Raw
3 | State of soh 0 100 | % Raw
Health
4 | State of SOC 0 [ 100 | % | Synthet
Charge ic
4 | Batter battery- | 1 | Current current | 0 | 200 | mA Raw
Cell cell- 0
0102 0101 2 | Voltage voltage | O | 42 | V Raw
3 | State of soh 0 | 100 | % Raw
Health
4 | State of soC 0 100 | % | Synthet
Charge ic

L4

2) inlufigunsalndednisasneniuys lugui 2.68 uaninisiden Battery

String 01 Tunsasnemauys
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€« Devices

® SETLOCATION ,/
J

(3119)

3701 (3702) /
Q= :
/

3702}

Battery String 01

=
Gr2) 3701)

Ui 3.68 wansvithgUnssi Battery String 01

3) aseiuUsindlaena Add Variable Ingludunsuilsdaunsaiianyin

YosiUTAFBINTLH (Raw %130 Synthetic) (U7l 2.69)

€« Devices

© SETLOCATION )/

/

Battery String 011

5ee€113101d84725bb3¢22592

3UN 3.69 uansn1sasreiaunuslugunsal Battery String 01

[ o

3.1 nasadieiuusundbimdenidu Raw a1nurinisasdeduls lay
iegtiazinsas1eiiudstie Temperature Battery Ineveiinsuazgninlulenisansds

diesudan Fdge computing (gﬂﬁl 2.70)
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€ Devices

@ SETLOCATION

Battery String 01 /

3702) 7

s 3 y Leaflet

W lUAFRILYSTD Temperature Battery Liiomnuas1tazideaisifuaes

fuUsiru Description, Allowed Range, Unit ﬁ'ﬂLLamﬂu'gUﬁ 3.71

€ Battery String O1

No date selected Q@ Rraw o cmn
iption
ab
temperatlre-batieny
e118cd1d84725bb3c22596
1range
r 20
¥

JUN 3.71 Uanesgasldenved AuUs Temperature Battery

asemawdslugunsal Battery String 01 81 9 MIUM1T19W 3.4 L8YIINTT

afaiulIATuILUIINgUTENeAIIUR 3.72

®

Battery String 01 ) 2 2 Q e

° - 7 =
~mMA %
i Currert e o vosth
oot g )
~.degC ..degC
° veos @ [ Temoersture Eneronmert

Uil 3.72 uanssausivhnsaiistiulugunsal Battery Stiing 01
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3.2 Msas1aiwUswuU synthetic Tidenidu synthetic (g‘dﬁ 2.73)

Latitude 13.7275
Longitude 100.7744 all raw
Properties @ °
Synthetic
Add new property Z Y

Add Variable

31]1‘7; 3.73 uann1sasesiuwdsiuy synthetic Tugunsal Battery String 01

wUTINGUINANGIIUN 3.74 WeaswaunsdmSuannulagainsaly
ALUTAUNSUNIN Edge computing Tuaunismuaule lnelumednsiiluaunismuau
State of Charge antWiNsUaBU Timezone Wil Asia/Bangkok tivelvinsariu

Timezone ﬂ%ﬁ;ﬁu

Batteny String @1

sytitheticVariable

Entefyour synthetic variable expression. Learn more about syntheticvariables Timezope;

Asia/Bangkok °

1 @) - 7.2)"100)/(8.4-7.2)

Clickiorvg varfable to add it to ygumexpression:

Q@ Search device Created At @

TS )

UM 3.74 uansn1sasnsaunisinadmiuainys State of Charge

\den Accept iiiaaseiiuls andwinisiasudesiudsidu State of
Charge (3U71 3.75)
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'
Battery String 01
) —— _[57%2]
Description n

APl Label @
battery-string-01

D ©
5ec6962f1d84727439f9f90¢

Token
Sescccsssesssesessssenne - o) State OT" Chal’ge
Tags Lasbgctivity:

No dastactivity
Add new tag

Last activity

3*1]1‘7; 3.75 ULanIRILUs State of Charge ﬁﬁﬁmia%'ﬂﬁuluqﬂﬂizﬁ Battery String 01

lufishuusta State of Charge Wiomnuaseaz Semfiuifinyoefnys
1% APl Label, Description, Unit (3Uf 3.76)

State of Charge

Add new tag DATE VALUE CONTEXT ACTIONS

31]17; 3.76 AR 18AZIBEAYBIILUS State of Charge

nnsaswmuusiugunsaldy q mumsd 3.4 Wevhnsaseasunnm
wUslugunsal Battery String 01 azUsIngAegun 3.77
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o |

~mA
Currert

= degC ..degC

.0 mass @ Status. Tempersture Dattery Temperature Enwormert

Add new property

_v ©

Vokape &5

=

3UN 3.77 uansduusnamaanvinisasisdulugunsel Battery String 01

3.15.3 msasenguvasaunsal
9 . a & o ' ¢ o v
4974 Device Group wiailunsdnnguuesgunsal lneduneulunisasna

Device Group Sisanalull

'
a

1) \&8n Devices luaullusa 14U LaoN Groups 3xUsINYNTIA19R95U

3.78 31AUUIIN15A379 Device Group lawnail Create Device (lASBINRLIY+

All Organizations ° Q chD oM pr

Groups

NAME ABE

RBACE -

U 3.78 uanwth Groups 989 Ubidots

2) A4¥0 Device Group LazlaaNgUnIaiNiABINITIANGUIINEAUNUIAIGT
UsNTUAIUN 3.79



172

Add new Device Group

STATIC

Q, Search devices Not assigned to Group °
-C+]- Battery Cell 0102
-@- Battery Cell 0101
-@- Battery String Ol
@ General information © select Dovices

5UN 3.79 uansnsidengunsaliinesn1sinngs

3) \deniAsesnuiegnLiteasne Device Group LilByiN1sasnasdwazUsIng

Mien9693UN 3.80

7 AT OGBSI S\ 9

All Organizations ° Q| Search Device Geoun
Groups
D NAME LASEL ORGANIZATION DEVICES ACTIONS
Battery-Device Group 01 battery-device-group-01 = 3
GRAUPS PER PAGE 0w

5U# 3.80 uang Device Group 71837190

3.16 N153UA131M Edge computing

Ubidots Mnsiiousiefiu Edee computing sunisld Token anilemiinanil3lu
wate 3.12 Tnefidunewlunisdu Token sueluil

1) aaluiudedldausuuurnvesmiis 1den APl Credentials (U7l 3.81)

2) vhmsfinaenvnelay Default token tiethluldluduneunisiudednain Fdge

computing
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5UM 3.81 uans APl Key lay Tokens ¥@eUsy¥ Ubidots

3.17 Juiindeyauazdeeandayaain Ubidots
mstiudayalu Ubidots dmsusmeassldazanunsadmiudeyald 1 hou
nsaseandoyaan Ubidots ammsavinlduans™s wilulessauiddavilsidonlsivii
nsdasandeyalusuuuulid Csv dsannsaidendeyaiinesnisdseenldlnsanunsoidends
anzdeyaresgUnsniniesustuniatoyavesasdng nisdseandeyalusuuuulud csv

Hounaunsmalull

3.17.1 psevandayavadniauls
nsdssandeyavesiauysiidunoulunisdvesnyianun 4 duneulnsusiay
TuneuiiswaBundieluil
1) WUl Device Management —> Devices ~> Variables udatdoneuusdl
foyafifeanisdsean (mnidensiuds Power Tugunsai Supply Meter asuansdaguil 8.2)

2) PANT "Export device data to CSV" flguuuausuu

‘f‘ \.xt War 22 203002:27 A = oy Py

aYy

[N

=

gﬂﬁ 3.82 wananiiuys Power Tugunsal Supply Meter

3) ie199zUTINYTUAITUN 3.83 IlUeBluATIAeIN1TaY CSV LazdaLIa

=b.
)
ee
N

J88n
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Export

3UM 3.83 uanmihisimuadeyavesiiilsiseinisdieanteya

1) PAnit "aSedu’ elafadunssuiunis
nsdseandoyaealiinadnasiusgiusueesmadeya mndoanisiama
AwAunihlunsdsesnteyaliindniilonsunsudaieusnuviuy (§U 3.80) Gefldauas
annsanflvanlild Csv IsuBmaiivinsimuald (5Udi 3.85) Tnelwdfianiinanasdl

sUwuuRauandluguyl 3.86

B amm ALEL R W

= M Gmail Q Search mail v @ KM”‘L e
I_(—ﬁoioﬁ,b.i otz < > @ g
@ Your sensor data export "Power" inbox x X 8 B 0]
* The Ubidots Team <support@ubidots.com> 329 PM (7 minutes ago) Yy 4 : 0
° t0 59010665, me ~

s Hithere, Your sensor data export "Power” s ready for download

B hitps/s3 o lues_power_11emb.csv +
v Allthe best,

5UN 3.85 uansdwadmiuailnandeyavesiiius power Minnsdeen
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Clipboard N Font ~ Alignr

K21 v fe

| A | B | € | b | E |
1 | Timestamp Human readable date power Context
2 | 1.58636E+12 4/8/2020 21:13 24 b'{}
3 | 1.58636E+12 4/8/2020 21:10 24 b'{}
4 | 1.58625E+12 4/7/2020 15:39 23 b'{}
5

U 3.86 uandld CSV vastoyavedduls power Minisdsonn

3.17.2 n1sdeeandayavasgunal

n1sdseenteyavesgunsaiiitunaulunisdiseniaun 4 Tunsulngusiay

Tunouiisgazidunnsolull
1) 1U# Device Management —> Devices waaidengunsaifilveyaidosnis

deeen lunsalidengunsal Supply Meter avuandsiagy 3.87
2) AN "Export device data to CSV" ﬁagjummué’muu

« Devices

&

Supply Meter

5 days ago

gﬂﬁ 3.87 uananingaunsal Supply Meter

3) ie199gUTINYAIUT 3.88 LitevediuaniAmAensds CSV ULayyiaan

719vdsaan



2020-04-06 15:45:02

Download data
Supply Meter

59010665@kmitl.ac.th,59011355@kmitl.ac.

76

3U# 3.88 uanmihwnesimuadeyavesgunsaliifenisdeandeya

4) panil "W@5edu" WelasdunszuIuns nsdtesndeyasdliiiandnag

Tuagiurunvesyataya nndeINsianuaNuALrthlunsaweendayaliainilonoy

nsudReumMuYN LTI lENUIzanInsanlluaalig CSV 1o Tneguuuuvadlidfianid

Ianzuannagun 3.89

_| Timestamp

1
2 1.58653E+12
3 1.58653E+12
4 1.58645E+12
5 1.58645E+12
6 | 1.58644E+12
7| 1.58644E+12
8 1.58644E+12
9 1.58644E+12
10 1.58644E+12
1 1.58644E+12
12| 1.58644E+12
13 1.58644E+12
14 1.58636E+12
15 1.58636E+12
16 1.58636E+12
17| 1.58636E+12
18| 1.58636E+12
19 1.58636E+12
20| 1.58625E+12
21 1.58625E+12
2 1.58625E+12
23| 1.58625E+12.

Human readable date  current
4/10/2020 22:33
4/10/2020 22:15

4/9/2020 22:33
4/9/2020 22:15
4/9/2020 22:00
4/9/2020 21:50
4/9/2020 21:35
4/9/2020 21:20
4/9/2020 21:08
4/9/2020 20:50
4/9/2020 20:35
4/9/2020 20:32
4/8/2020 21:13 -
4/8/2020 21:13 -
4/8/2020 21:13
4/8/2020 21:10 -
4/8/2020 21:10 -
4/8/2020 21:10
4/7/2020 15:40
4/7/2020 15:39 -
4/7/2020 15:39 -
4/7/2020 15:39

power

voltage context_current

context_power

by

v

b

context_voltage

o

b

by

U 3.89 uanslyid Csv vestesavesaunsal Supply Meter inisdonn

3.17.3 n1sdeeandeuaradeyaaiAns

n1sdseanteyavetesAnsitunaulunisdseeniianun 3 Tuneulnsusas

JuURBULSIwarLDunsIfe T

1) TU# User -> Organizations \denasfnsfidesnisdseentoya Tulaseau

iidonaadns My BMS team (3U7 3.90)
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Organizations

gﬂ'ﬁ 3.90 LaR9MN89ANT My BMS team

2) P@Nd "Export device data to CSV" ﬁLLﬂUﬁmuuﬁﬂﬁﬂimﬁugﬂﬁ 391

€ Organizations

o
a
iy i
¢ T
e

Dastiboards General imformation

3U# 3.91 Uansmsdseenteyavedoddns My BMS team

3) azUsIngMiANAaguUN 3.92 dnsuszydiuanseinisds, ¥3aves

o i

TayanfenIsuazyilalng 9ndudon Send email ievinisdsdeyaludaBiuansey lne

Y

Bafllasuazuanaiagun 3.93 ntuedndsinkuuniiieriinisnluaning xisx Falng

avgnsusalu Zip Indfaguil 3.94

et ubidots

« Organizations

Dashboards General information

© $ 4« B & =

“ sendemal

3UM 3.92 uanmmhsinsdmiuimuanisdieandeyavetetdns My BMS team



78

= M Gmail Q  searchmail - ® KMlTL e
¢« 8 6§ & 0 ¢ b e lofszz < > o
F : =
Your sensor data export "My BMS team" inbox & 2
* The Ubidots Team <support@ubidots.com> 2:40 PM (0 minutes ago) Yy 4 : 0
o tome v
s Hithere, Your sensor data export "My BMS team” is ready for download
.. https://s3 /prd- I 153/My%20BMS%20team_1586849979499_36987_vInzfw zip +
v All the best,
°
S
o8
« Reply » Forward

3U7 3.93 uansduadmiuaniilvandeyavedaddns My BMS team Mvinn1sddaen

E) 32 @ 71 5 WinZip Pro - My BMS team 1586849979499 36987 vInzfw.zip

Home  Backup.  Tools . Settings  Window Help

2% V/ Include g % FTP Upload m T W Unzip andnstal n,. 7< Delete
T Filter & Bum CD/BYD  Unzip Options — 2B, Rename
Add Attach to

Compress Send Decompress View Editing
Folders in WinZip File X & Name Type Modified Size Ratio Packed
EIWJM;HBW 36 i values 000Txisx . Microsoft Ex.e . 4/14/2020 7:40.. 5985 . 0% 5085

by

MS team_1586849979499.
-010

gﬂﬁ 3.94 uang Zip Induesesdns My BMS team

3.18 AsasentnansNa (Dashboard Tu Ubidots

Dashboard 1§ udauansnaniiiiulilusauusmnae 4 @9 Dashboard w83 Ubidots
annsavmafuauasuanssaldludiioasangnsofsnai suansdeoyadaunds
Tnetuneulunisadns Dashboard anunsadilaalui

1) 1don Data luunuluyduv «8an Dashboard ludumaudanuisogld1d
Dashboard gnas1sliudan3eld (Demo Dashboard) mnlsdil¥ian15a31e Dashboard

Tuin IngadniaTowmang + Aauandluguin 3.95

= Demo Dashboard # May 122020 00:00- Jun 11 202023:59 v

gﬂﬁ 3.95 L@nInt1 Demo Dashboard
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2) yhmsaina Widget Tu dashboard Tanail Add new Widget (Ul 3.96

Add new widget

Double Axis

o T gy

, Gauge 5 ' HTML Canvas
!
R — - 000 ol y
[N Jile (€473 ta
..... ot N=f 1 AN &
| HictAoram ' Imaoco 24

3Ui 3.96 uansuila Widget #ilsiusnis

3) Avunstinved Widget 1ags19n1sNABINITUAAIAIAITINN 3.5



A19199 3.5 Lans Widget Loz 318n15NA0IN1TUaRS

80

a9 | vile eaudunfidenisuand Mosunefisnii
il
1 Text Instrumentation Engineering | Kmitl, BMS LLﬁﬂﬂ%@IﬂJiLﬂﬂLLazmﬂ%ﬁ
on Cloud

2 | Thermometer | Temperature Battery LLamqmmﬁﬁanmemaé

3 | Thermometer | Temperature Environment LLammeﬁﬁuaﬁmmé’am

4 | Bar Chart State of Charge : Battery 01 LARSANTUENIVISIVE
LUALE3 01 (String01,
Cell0101, Cell0102)

5 Line Chart Voltage : Battery 01 wARILIITLTATe 9 VD
LUALE3 01 (String01,
Cell0101, Cell0102)

6 Line Chart Current : Battery 01 LLam\‘mizLLaﬁnaﬂm HIRION
LUALAES 01 (String01,
Cell0101, Cell0102)

7 | Battery State of Health : Battery String 01 LLﬁﬂ\‘iEj“Uﬂ’]W“U@QLLUG]LG]ag
String01

8 | Battery State of Health : Battery Cell 0101 meq%mwmaummmaé
Cell0101

9 | Battery State of Health : Battery Cell 0102 LLﬁﬂﬂEj“Uﬂ’]W“U@QLL‘UG]LG]@%
Cell0102

10 | Double Axis | System Energy Consumption wansn1slindsuresyuud

Supply Meter Fauszneaudie

ANNTELE, WIIRULAZAIAY

4 Tnglustegailazidenly Widget ¥ila Thermometer Livelduansgumngives

WUALMBS NTUINISEeNaUNsal Battery String 01 LiansiauUs Temperature Battery

\ielif Thermometer Widget \eufusauls Temperature Battery éﬁjﬂg‘d‘ﬁ' 3.97
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Widget Creation

Select Variables

Temperature Battery

Temperature Environment

31]17; 3.97 wanen 94deu Thermometer Widget U fauds Temperature Battery

5) AmuasILazdunYad Widget 1o @ Widget, A1 Min value way Max value,

Color logic 9nwuden Finish (5U7 3.98

Seladieolor Jogic

Thermometerwidget

Cofor:

20 #  #138d9es
45 8 #e7dd37
60 B #126804

100 B  #e2108

G -

00 00

31]17; 3.98 L@nIN1IAIAT Thermometer Widget

6) Thermometer Widget 13 a5 8 usiauUs Temperature Battery Y93 UnTal
Battery String 01 Tu Demo Dashboard wagnniin1sasananisauls Temperature Battery
¢ Edge computing Thermometer Widget avuaninariufl windslifinsideusovsuans
FlasUit 3.99



ses Ubidots

Demo Dashboard

JUN 3.99 uang Thermometer Widget vnuzdsliiiinsdstoya

7) nduliviinsasns Widget WisLANFInn5199 3.5 winlganuuu Personal

computer aglanadnsaaguil 3.100 waznnlderuuu Smart phone dglakadnsaagu

Y

3.101

BMS onCloud

gﬂﬁ 3.100 uan3 BMS Dashboard vaugdslaifinisaadayauu Personal computer

82
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O8I 0 001 @ 8 15 Tl T (204

< BMS Dashboard

BMS on Cloud

No Dala Feund
vt W s

No.Data Foung

-

-

No Data Fou
i

5Uf 3.101 uans BMS Dashboard wazéishifinmsdsdoyauu Smart phone

3.19 MIafenIsudioudnlulilu Ubidots

yiin15a379 Events 1l alfssuvannsadauduiousduuunig 4 1degesnluia
Tnefdnideenuuulisruuinisuduieust 3 nadissil

a) State of Health <50%

b) ganiUE¥ITY > 45 degC vise RuNNIIvAYFAYISY > 60 degC

o gunsalvNsdeusewIund 15 uni

Tneduneulunisaanaudafeusaluiffannsoshldsed

\den Data lunaulaysnuvy 1den Events n1sasisnsudaiioulnenail Create

Events (\w3anane+ agUsingmitisnaagy 71 3.102
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9 days lert on trial

Select variable (+] value (] Equal to (V] 10 fol 0 O

& 0 =
3UM 3.102 UanamthA1an15as e Lsio
\don Device %59 Device Group Waz Variable #1A93n15604N15UALADULAZLA DN

Joulvlunisudasiou i ludiaginmualiui whesuliogamgivaesisa > 45 degC

139 QUNIVEAaYIF > 60 degC (MuuAlianUEYITIAIYT Status AWYINAU 1 uazdl

AU 0 Weegludniuy Aawsa (UM 3.103)

Battery/ String 0 - Value S Greater than (V]
Temperature Batter ©
P
Battery String 01: Stat [+ 1 (V] Equal to (] 1 0 minu &l i)
-

= 2 2
2 M. g o , P < e y GFa Jrr i)
Batte SUring . Status Value Cf (Lo ) k. 5
01 Status € (V] qual't (V] ) W}

JUN 3.103 uanaduUsuwastoululunisudafiousnmgiiveduunnesianiugsn o

weoneulvinaglvidssunisudadouluzuuuule 1w Send e-mail, Send SMS a1ntiu
MNIAAETULaE N Y NADIN1THIAFDY UAINA Finish Tuilegwilidenyiinsuiusou

HIUBlA (JUT 3.104 A1ntuvinsimvundiuauaztonnufinesnsads (JUN 3.105
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Trigger actions

L
( Add new action )
AN J

3UM 3.104 ugnssnen1szukuunIsudnseunliuinisiu Ubidots

:

CT

Hey(here‘was Trigger value JEIN Trigger timestamp v

UM 3.105 Wan9318az188ANTSUAARDUKUY e-mail

AVUATONITHIWADULATYIWIAN ADINTIINITUT AUl Tugun 3.106
Aualiiinsudsfieuwuu 24/7 Hennsoawmnnegn LUNIUneugANIEYeIN1sas19N1TuT e

LA UDUNYHVBILUAABTNANIULAN 9

Almost ready!

Temperature Battery Alert

3UM 3.106 uanateunaryieamimualinisudanaurinny
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Wovadenuasfioudu o Wadnauilavitniseenuuuliauasuie 3 nstlazians
AaguR 3.107

.

Filter by: All organizations @§) ~ Sort by: Created date (@)

if.’ @
f Healtn Alert (Batfery Delice Group 0 [ @

JUT 3.107 uanssngn1sudapeudnluliinmuafignasiadu

wazvnmkUsmaandulunmutaulandusily Ubidotsazadnisuasiouniuisaaily

3.20 NISE31UTINTIEIUanlue (Report) Tu Ubidots

5718971989 Ubidots @nansaimunisulavaieny, ivunsseziiantoyadounas,
Suaszosalumsdidiua Tnedituneunsadiesionudnludasi

1) \dan Data TulAULIYAUUY Ld8N Report Ymsassenulaenail Add Report

(\SenuE+) wUTINGUTesazU 3.108

Add reports

3UM 3.108 wanavitsanisasnesey
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va d v v

2) MruasIgazldeauarUkuUIeITeudnlulANfeIn1sase Wy Yo5189y,
JULUUTI89Y, /15U, Auduazszegaatlunisds, uiu)duazanseifean1suans (FUN
3.109 - 3.111

Reports

Create report

Name: Bms on Cloud Report
Timezone: | “Asia/Bangkok v (2]
B
Data Time: Last 7 days v (7]
Report format: , PDF v e
€ Add header & Add chart
Header
Header: Size!
F Lo D YW 7%l oo
Bms on.Cloud Weekly.Report | [ Large &

[ €9 rRemove section

JUN 3.109 UaRSIRE19N1TAIAITOLAL JULUUYDIT 184U

Chart and table

Type, N ~ w Narne:
3t FAN Vv
Chartand table v! I System Energy Cepsumtion
b v al \wam Y 8Y w it
© Add Variable
Device Variable Operation
Supply Meter  + 'l Current sl A R | o
. =

Device Variable Operation
Supply Meter  ~ Voltage v Raw v 0
Device Variable Operation
Supply Meter ¥ Power v Raw v O

€© Remove Section

JUM 3.110 uanaiieg un1sasAuNuiiara1seineInsuanslusieny
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Email settings

Hi, your report New Report is ready for download:

JUN 3.111 LAy N13AeAssaslIatun1sas, T uuazssy

3) L{eYINITIIMUATILALLENTDITIBNULAT LaBN Save report 3wUTINYNIIAI9A

U1 3112

Name Data Periodicity

s onClogd Report AT'08:30 eve MonCga

JUM 3.112 Uana318n1331891U8R lulRNas 9T

3.21 nsiiigesdns, unum, il Ubidots
MIALBIANST, VNV, Aldadly Ubidots ftuneusmelud
1) A15as199ANT
aeAnsiudiugosvoauen Ubidots Tulnerldaziidansnisididls Dashboards,
Devices, Events waz APl Tokens fiumnsnsdiu
asvernsluneundindulnelden Organizations 9wy Users Tuwauimnevan

WNTBLAE AU AN UIANSNAS19TU
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L ] -
£33 ubidots — o ®

« Organizations

Dashboards General information

Events
Limits

Tokens

©O $ <« B @ =

Users

gﬂﬁ 3,113 wadneeddns My BMS team fia$edu

2 msasunum (Roles)
iden Roles anuiiugldlunautimig adnlonsu + fyusurnuuiefiungy
unumlrdlasanuseassunuwiivalieas eldunumBuduves Ubidots Tnsusazunuim
asflmauannsanail
Explorers: @10150@3579 wAly AuaEaU dashboards wag events RN GRERERIY
gunInIfaLUsagARNg 4 usilianunsownlunseaugunsaivsadiulsla
Viewers: 1111309 dashboards, aunsal, Aauwdsuazaila uildaiuisaasiauily
wsoaula
Dashboard viewers: a1:3aguatUaiatosavetasinsvoll vty
Managers: a1ansavinynageiigquaszuvanansavildoniunsaiadlovieay
A lEUaeNNg
3) nsiiiugldoy
anunsavilalaeidon Users 91nudiu Users Tukaumnandn ifinde, Siua 1den
99ANTUAUNUM wazidendBiuariiaiFydldnulve (37 3.114 lasdwadidsazuuy ded
ei’m%’w?ﬁﬁammﬁavﬁwqjizw (gﬂﬁ 3.115 LLazLﬁa;ﬂﬁawuiwﬁLﬁwaizuu WoUNWALATURY

wanavit Dashboard eldaumuunumignimun (U7 3.116

Y
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sssubidots

Add new User

All organizatons (-] Q Search user
Users
O username EnAL CREATEDAT
° Teeraphat 59010665@kmitia.. 202003200233
59011355@kmitl.ac.th
o anin.nu aginnu@kmitiacth  2020-03-20 02:31

User Select Select Send
© .5 0 0. 0 0. @

eE—

3UN 3.114 uwanamieanmsiiugl¥an

= M Gmail QT - ® = KMITL @

¢« 0 6§ &% 0 ¢ D.® 10784 < > & @

Welcome to BMS in Cloud /isboxx e B )
no-reply@iot-notifications.com 453PM (Ominutesago) Y & (/)
tome ~

+

WP emyorg +

Join'my account

Hello Samatchaya, You've been invited to join hitp//bmsproject iot.ubidots.com

Click on the button below to access your account

ACCEPT INVITATION
>

JUM 3.115 uanadiaiivertaldanulmiidngssuy

sss ubidots Devices -

= BMS Dashboard
nstrumentation Engineering | Kmit % Temperature Battery Temperature Environment
BMS on Cloud , 5 5
No Data Found No Data Found

State of Charge : Battery 01

the date
- d
-
4 n
No Data Found
State of Health : Battery Strin... State of Health : Battery Cell ... State of Health : Battery Cell ...
There seems to be no dat: lize in the date range you
- - -
= = =
4
No Data Found No Data Found No Data Found
Voltage : Battery 01
There seems to be no data to visualize There seems to be no data to visualize There seems to be no data to vis
in the date range you have selected in the date range you have selected in the date range you have selected
—]
=
4 4

No Data Found

System Energy Consumption

Thara mammar ta e mA Aats fa e mline etk Hata ramma

U 3.116 wansmih Dashboard vesildluunum Explorers
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3.22 n13USURAUNALATUY
msUfuuisuoUniatuiiynUszasdiiovinlfueundinduiiy 4 flendnualiawzsalng
ansavinsUSuusseUnanduld 3 dauseiusel
1) @ App Domain
n13USuss App Domain ansnsavildlaeluiiuiiu App (5U 3.117 niumand

Manage App

Apps

gﬂﬁ 3.117 uanantiwiasiy App

1@eN Domains kagNuNiTe domain NHaIN15tudee Custom Domain #IaLaanty
Domain % Ubidots nuuaty 11lAssa1uil taantsd Domain 1 Ubidots n1vualid ame

bmsproject.iot.ubidots.com (g'dﬁ 3.118)

g"dﬁ 3.118 LanIn1 Domains

2) @ Organization domain
msimueildaudiannsainisidrgszuuly bmsproject.iot.ubidots.com Tng
154ty Token Tu Organization domain ¥n155uA"TokenvasaadnsFaansTang s
bmsproject.iot.ubidots.com Tnglufiudiu "Users' anntunand * Organization" lA8NOIANT

figoens lulpssuiidenasdns My BMS team (g‘dﬁ 3.119)
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L ] -
£33 ubidots o ®

Organizations

a5

Sort by : Created date (] Q

g'ﬂﬁ 3.119 LaAMNBIANT My BMS team

\fan Tokens ANUWINIIARaBN Token Aananslugy 3.120

« Organizations

Tokens

@ bmsteam

gﬂﬁ 3.120 uannil1 Token 983999ANT My BMS team

11 Token v 1sAnaanulaluges Organization domain (5U# 3.121

gﬂﬁ 3.121 uanIN15kfin Token Y9403ANS My BMS team T Organization domain
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3) @ interface Vo lEhaUnNGLATY
asavinsusunnslanerelull danwal, & nin login, NMwilazdiulseneau
B q voaweUnaatu n1susulssaunsavinlalagluiiuiu "App” 3Nt uAaNT " Manage

App" t&8n Appearance 3MNHuNsUTULAIRaUNEIAdURIU 3.122

© Appearance N

App information
©® Domains

Englisr v Change language. )

Appearance
App Logo © Favicon

g &R
tlog.

Login background Login screen message

Colors Header > 108 n ( Reset colors )

""" > ]
P > n
8 > [ ]
> ]
riabi > 406
> 4 ]
>

JUT 3.122 uanssngastaennisusuusai interface YoulduaUndiady

\@9n Save Changes LWa111N150UANAITUSULAT LABnDUNISUSULASIZLEAINTA

Az doudegun 3.123 n1enaviIN1TUTURAIMALUTINYAITUN 3.124 wagnaunis

a

UFuuwsiaazuanani Dashboard 693Ul 3.125 Menaavinni1susuusauaazusngeagy

3.126
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SIGN IN

UM 3.124 uanavth amellguvas bmsproject.iot.ubidots.com 1IN sUTULAY

{s3ubidots

Temperature Batte

Health : Battery te of He: B
— — —
No Data Found

No Data Found No Data Found

No Data Found I

5Uf 3.125 uanswth Dashboard vesueUnalAty BMS on Cloud risunisusuus
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Devices ~

= BMS Dashboard

Temperature Battery

Instrumentation e Kmitl
BMS on Cloud - -
4 - =
State of Charge : Battery 01 No Data Found No Data Found
There in the date range
-
=
No Data Found )
State of Health : Battery Strin... State of Health : Battery Cell . State of Health : Battery Cell .
- -
= =
No Data Found No Data Found

System Energy Consumption
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NaN13INNadN

4.1 nagdaun1s Charge — Discharge ¥84353UU

nanaaeuiasdunisfua nszualii wssdului gumgRasundon gangd
wused uay 1an tethunlimaunmvesuunineiseluls Tun1s Charge - Discharge g
Suduannsimuae SoC A 0% Lu 7.2 Volt uagfl SoC 1 100% Ju 8.4 Volt aitléan
Specification vosuunine3 tagld (TC4162 Tun1sw1sa ilomuauLsIdunaf, nszuand
waz gaumgilunisuda il elaliuunnesiansideme uazld Relay 7i5udanain
STM32 aelunasudmssanistunis Charse - Discharee WiawuaniSeusesthandildundeu

v
v A

N3 Charge Way Discharge aglagall

Charge
120
8.6
84 B o VAN B WV N 1 100
e .-
o -
8.2 ” 80
s ~al
cau -
T 3
e > o g
S e /-
A 40
/
76 /
/ 20
74
2 o
0, 5 10w .15 | |20 | 25 30 185 . 40 46~ 50 55— 60 65 70 /75~ 80 8 | |90 /w95 100 105 107115 |10
TIME {Minute)
'
]
SUN 4.1 uananns Charge
Y]
Discharege
8.4 \¥ 100
90
8.2
\, 80
70
8
B 60 _
[c] 53
278 50 5
5 N——— 3
o
> ~— 40
7.6
30
20
7.4
10
73 NEo
oooooooooooooooooooooooooooooooooooooooooooooooooooooo
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
TIME (Minute)

€aN
c
=

4.2 L@aanng Discharge



97

4.2 veagaun1siea1sdayasendng STM32 uag Raspberry Pi @78 Bluetooth
TunsnageuiiagyinnsasAIAuaL (Humidity) ves STM32 lUés Raspberry Pi fag

Bluetooth TagldlUswnsy Node-Red wanisnaaautdusdl

1) lfansivavesdeyaluidef 3.6 Wevinnnsieuse Bluetooth AguansanIuy

connected ﬁﬂgﬂﬁl 43

.168.137. raspberrypi) - iewer
W4l 192.168.137.144 (raspberrypi) - VNC Vi b [m] X

& E [NodeRED console] 6 Node-RED - Chro... S

Node-RED - Chromium

Node-RED X | it

& > C ©4127.0.0,1.1880/# 0w/ e0C5e2f0.2384% Qa v H9 e (¢
=l = i [ [w] ~

7.1,-5»7 E Flow 1 (\ 1\ = > L*:lF it debug |||l

common

e P ~ |
.y v
it =k '\ B0 ¢ ousc: -azesens
¥ vj“' s _ ‘ b %, -
F = 2 "ﬂm" Ny
eyl E ‘ _a‘ / ® coor . - e
[ - i Oty

» { uuid? 70280

( complete & characteristics: o

[ e | s, . "y
L L pR ) — D)
| uuid: "6280e1083412"%

wcharacteristics: object

c58b60edBc11e2a8730002a5d5c51t
uffer(2]

2) GATT Characteristics Auganu Read visnganuifmdsemdeyaneglu

Bluetooth flagudl 4.4

192:168.137.144 (raspBerrypi) NG Vicwes by E

® @ BT BlNoereD consolel {eRNGGe RED - Chio,

Node-RED - Chromium

| & Node-RED XIS -t
Q= = % (18 Bn g &
& > Cuny, ©"27.0.0.1:1880/#ow/eSe5e20.23844 Qa %« B9 e :
a Fl¢ 1 Generic BLE in node > Edit Generic BLE node it debug i ||l v
~ common = Delet ance u:-dax-:« v e 8
[ ] 23 9
© Properties 8= » { uuid: 9286 5 -
characteristics t}

A | ane

[ |
. & GATT Characteristics

vobject
<Unnamed> (a32e5520e47711e2a9%e30002a5d5c51b) Read uuid: *0280e1003412"
(Custom Type) ~ characteristics: object
<Ui d> (cd20c480e48b11e2840b0002a5d5c51b) Read 7
(0 2 2 ) 81c50b60e48c11220730002a5d5c51t
e

>

i‘ (Custom Type)
<Unnamed> (01c50b60e48C1162a0730002a505C51b) Read

Coo ) e
1. v { : "0280e1003412",
<Unnamed> (09366e80ci3a11e19ab40002a5d5c51b) Read characteristics: object }
{Custom Type) PM  node: 47040b1c 372214
= -
« function >4 4 b
| OEnabled | © 2 nodes use this config on all flows v =

gﬂﬁ 4.4 GATT Characteristics éwu%a;gaﬁ'aglu Bluetooth
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3) Weuilsiduiauyasdeyaianudures STM32 augua 4.5

192.168.137.144 (raspberrypi) - VNC Viewer h = O X

® @ &5 [EllNodeRED console] (f8" Node-RED - Chro..

Node-RED - Chromium

| @ Node-RED x| +

)

& > C ® 127.00.1:1880/#flow/e9c5e2

N

Q fiter nodes Edit nject node > JSON editor it debug i ||| v

« common I Yalinodes | [

81c50b60edBc11e2a0730062a5d5c51t

buffer[2]

Edit JSON | Visual editor 0: 37

1: 0

1

2 "a37e5520e47711e2a%:38002a5d5c51b": "¢
3 "cd20caB6e48b11e284@b00O2a5d5c51b": "ca",

a "61c50b60ed8ckle2a0730002a5d5¢51p": Mca!

5

» { uuid: "0280e1803412"
characteristics

b W { wid: “02s6e1003212",
characterist }

| /102020, 54532

mig payiec - Otje:
» { wuid: "0280e1003412",
charactaristics: object } -

A < ww g

JUN 4.5 flanduiieuaitedaminnuduges STM32

4) iiena Deploy waddainnludiuyes Debug 3TUAIANUAUVEY STM32 e 4.6

192.168.137.144 (raspberrypi) - VNC Viewer - m} X

r'\

I"& Node:RED x| +

& = G @ 127004 860 tlowseoche240 23844 a +* /M9 6 o
q; -39'77 Fowilh e L P Y !L‘JJ’.E_‘ v‘rd;;ug— || |l -
~ common

M. -l

| gu  timestamp¥ .
A
. Y :

» : "6280e1003412"
| complete & { uuid: "0280e1603412",

characterist
= et
uuid: "0280e16
| inkin (O ~ characteristic
O ok out | 01c50b60e48c112a073000235d5¢51t
— buffer[2]
comment ‘ 0: 37
= 1:0
~function v 4 4
—Tol+ =

U7l 4.6 wansrAITLYEY STM32
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4.3 nagdgaun1suanInNg Dashboard U89 Raspberry Pi
Tdsnslvavesteyaluided 3.8
1) 19 Siemens Simatic 10T 2040 Taluananluihmelutnuineds nan1svegeu

nanafagUil 4.7 - 4.8

UM 4.7 namanlihaeludhuinedeningiu Siemens Simatic 10T 2040 Lansauy

Raspberry Pi

M81192.768.44401| (Fespbesrypi) - VNG Viewer O

Power Supply

$DM 120 Energy Meter

Voltage 2376V
Current 7.07A
Power 487.2 W
Power factor 0.3
Frequency 50 Hz
Total Energy 2.78 KWh

gﬂﬁ 4.8 Dashboard ¥83 Power Supply
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2) Tuduwes String Battery nnaoddse

Voltage =8
Current =2
Temperature =25
SoC =10
SoH =90

HANINADULARIAITUN 4.9

= String Battery

ccccccc

gﬂﬁ 4.9 Dashboard ¥84 String Battery
3) Tudiuves Cell Battery naaaidsan

51971 4.1 wansdoyadilivaaou Dashboard 484 Cell Battery

Cell'1 Cell 2
Voltage =04 Voltage =14
Current =2 Current =2
Temperature=25 Temperature=25
SoC =10 SoC =10
SoH =100 SoH =80

Namimaammmﬁﬁgﬂﬁ 4.10
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192.168.43.231 (raspberrypi) - VNC Viewer - O
= Cell Battery
Vokage Cenl 4V vorage Cen2 av
Current Ce 1 2A  CurentCen2z 24
Temperature Cell 1 25C  Temperature Cell 2 2sc
SocC cell 1 SocC cell 2

B oo [ T
: = :

SoH cell 1

SoH cell 2

80%

31]17; 4.10 Dashboard w84 Cell Battery

4.4 NAFIUNISLANRABUHIU Line notify #78 Node-Red
T9dsn15lvavesdoyaluiate 3.9 naaeunsdld Bluetooth 499 STM32 way

Raspberry Pi 21an13Wause inan1snaaeuassun 4.11

Today

Unread messages below

@ BMS Notification: Bluetooth lost

connection

3UM 4.11 uann1sudufeusiny Line Notify
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4.5 negaun1suaniwadayandaiulu SQLite

Tdansivavesdeyaluiide 3.10 naassduding

Voltage =8
Current =2
Power =10

HANTNAROURARIRIZUT 4.12

& Node-RED x | > Node-RED Dashboard — Xu|. +

& S € SO 127.0.03.1880/uiM!M?s0cketidFWRINMeiHTy\aiY LAAAC Qa v B9 6

= SQLite Database

JUN 4.12 uanatayangniaiulu SQLite

4.6 NAdaUN15E9A Simulation 310 Edge computing U8 Cloud
computing
wamw‘ﬁ'amm'au,azm'ﬁi‘f’udasﬁaaﬁaizm'wdau Edge computing kaza1u Cloud
computing & $AILTIAY, ATELE, UM T YOIUUALADT, § UV YHVDIAN1IZUING DLV
wusLme3wazasAnsldeulniues Supply Meter 910 Raspberry Pi 698 Node-Red K
MQTT protocol LUgs Ubidots taminaluntin Devices voshoUnaLATY
1) gunsal Supply Meter

Edge Computing @31 Current = 1, Voltage = 12, Power = 12 (gﬂﬁ 4.3)

w19 uUnsal Supply Meter A auUTa @A $UN191nE 21U Edge computing
wUTNgFagUT 4.4
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€ C @ 1270001880/ #fiow/ SHISTe Te 3 Ten e
| <0 [ s
co— - '.-’w..w- i L - . m eews RIS _n_
s | PO — e _—
Tea T3 B P -
e [X—i‘ , DG e tczon
[F =
i ea)
S A
JUN 4.13 uanansaeA13In Edge computing Tuésaunsal Supply Meter
f = - - 0o X

5Uf 4.14 wiheunsal Supply Meter AduUsANgATIUIN91NE I Edge computing

2) guUnsal Battery String 01
Edge computing &A1 Current = 1625, Voltage = 8.4, temperature battery =
30, temperature environment = 25, Status =1 Wag State of Health = 100 (gﬂ‘ﬁ 4.15)

wihgUnsal Battery String 01 AfuUsagATITUNN9INdI Edge computing
%uﬁmﬁagﬂﬁ 4.16
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5Uf 4.16 wihaunsal Battery String 01 AndhuusaNandisusnanndau Edge computing

3) gunsal Battery Cell 0101
Edge computing @4A1 Current = 1625, Voltage = 4.2 uag State of Health = 100

(U1 4.17)
wihgUnsal Battery Cell 0101 AfuUsaNEATITUIN9INEIL Edge computing

WUAAIAIFUN 4.18
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€ 2 C O 1270011880/ #ow/ 05T Te3 Tead

100,00 %

stat 2 of Meatth

Wiy heongsago

5Uf 4.18 wthgunsal Battery Cell 0101 AndudsangaisusI9IndIu Edge computing

4) gunsed Battery Cell 0102
Edge computing @4A1 Current = 1625, Voltage = 4.2 uag State of Health = 100
(U1 4.19)
wihgUnsal Battery Cell 0102 AfuUsaNEATITUIN9 NG Edge computing

WUAAIAIFUN 4.20
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o e P + - - ey LR IR
- commin a vy b r_]. v ®
oy || CEIER-— e
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St o e
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5Ufi 4.20 wiigunsai Battery Cell 0102 AndusangAM$UL19INdIY Edge computing

INN1INAGOUN15d9A Simulation 910 Edge computing lugs Cloud computing
A 2871 Simulation WUT1AIT SULATAIASTIAUANT @ 917197n@2U Edge computing

Aetudsanunsaaguladnseuualunsadann Simulation 990 Edge computing tUgs Cloud

computing liognegneas

4.7 m'lugné’awmaumiﬁﬂmmmnm Simulation

N1INAFBUAINYNABIVBINITAIUIUANNIT State of Charge FxviN1snaaaulaglye

Simulation lagddunaunisnaaaunsmalull

1) NMINAABUNITAIUIUVBIFIUS State of Charge vosgUnsal Battery String 01
WARIRINNST 4.2
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A15197 4.2 UARINISAILIUAN State of Charge ‘U@\‘iqﬂﬂiﬂj Battery String 01

Voltage (V) State of Charge (%) = (Voltage -7.2) *100) / (8.4-7.2)

8.4 100.00
8.2 83.33
8 66.67
78 50.00
7.6 33.33
7.4 16.67
7.2 0.00

2) N1INAADUNTAILINYBIRIMYS State of Charge va3gUn3al Battery Cell 0101

wazgunsad Battery Cell 0102 LARAFINT9T 4.3

A151971 4.3 wARINIIAILILAN State of Charge suaqqﬂﬂiai Battery Cell 0101, Battery

Cell 0102
Voltage (V) State of Charge (%) = (Voltage -3.6) *100) / (4.2-3.6)
4.2 100.00
4 66.67
3.8 33.33
3.6 0

I1NN1INAABUAIIUYNABIVIANNIAIUIUILYIININAGRUIAELTRT Simulation WU
A AIUlaRAIRS UMl INNTAWIN Fearunsaaguladtaunisnlelunisauiud

ANUGNADY

4.8 NAFIUNISHENINAYEINLN Dashboard audaulanninisaealy
mawmaaumauamma"uawﬁﬂ Dashboard Q%‘Ui%ﬂaﬂéﬁﬁlﬂ’]iLLaﬂ\‘iNa"Ua\‘iﬁ'}LLﬂiLLa%
gUNInIAINITIN 3.5 FaUsenaumenIegeuAwalul

1) msnageuludiuvesnisuaninariaiualumin Dashboard AUAAIHARIFUN 4.21
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Instrumentation Engineering | Kmitl Temperature Battery Temperature Environment

BMS on Cloud

Ape 19 2020 Ape 19 2020
1730 17:40

I 100.00 I 100.00 ’l 100.00

Last Updated: 04/19/2020 17:40 Last Updated: 04/19/2020 17:40 Last Updated: 04/19/2020 17:40

- : [
State of Charge : Battery 01 }- 33.00degC Il 25.00degC
100 B N [* Lastupdated: 0411912020 17:40 [ Lastupdated: 04/19/2020 17:40
s B = *) ‘/\
- L - @ @
© [ |
.
2t i =
L ] =g State of Heaith : Battery String State of Health : Battery Cell 01 State of Health : Battery Cell 01

Voltage : Battery 01

800
600

5 400 -

> 200 System Energy Consumption
000

300 500 10
Ape 19 2020 Apr192020  Apr 192020 l ] “
1730 1740 1745

Ui 4.21 nsuanwmaluwth Dashboard

2) N1SNAABUNITIUE suwUasdaes Widget ¥99674Us Temperature battery,
Temperature environment &g State of Health Fafin1swdsundasmiunnseasn Color
logic Tiv3ald

a) nMsvaaeun1siUaeuLUasdves Thermometer widget ¥8367uUs Temperature
battery wazfuus Temperature environment

Color logic AfmupazUsINgRIFUR 4.22

Select color logic

Thermometer widget
Range Color, 3
SRR
s 1 | #e7ddz7 (5 )
_60_— - (W)
100 @ #e21f08 6 -

oG -

3‘1]17i 4.22 Color logic fifmualives Thermometer widget

oA Temperature battery #5ulafiawwindu 20 wagA1 Temperature

environment N5uladianvniu 100 ﬁﬂLLﬁﬂﬁ‘ugUﬁ 4.23
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B A 0920001515 - A P 200 115 v/

20.00degC 100.00degC

gﬂﬁ 4.23 Temperature battery widget wanaggynnil 20 degC Wag Temperature

Yy

environment widget Lansgayrnil 100 degC

\JlaA1 Temperature battery #5uladiAiniu 45 wagA1 Temperature

environment 75ulasiAWTU 60 Fsuandlusun 4.24

B A 0920201597 A 920201615 v/

‘ 60.00degC
gﬂﬁ 4.24 Temperature battery widget uansynil 45 degC ay Temperature

environment widget Wansayad 100 degC

WeA1 Temperature battery #5ulafiainiu 60 uwagA1 Temperature

environment M5ulasAwvinAu 45 Aauandluzui 4.25

B AXOI20001519- A 200 W15 > S T P

1 60.00degC

gﬂﬁ 4.25 Temperature battery widget wanaggynnil 60 degC Wag Temperature

Yy

environment widget Wanwannil 45 degC

\loA1 Temperature battery #15UlafiAvindu 100 wazA1 Temperature

environment Nsuladiavingu 20 ﬁﬂLLﬁﬂﬂugﬂﬁ 4.26
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IS v e i e

100.00degC 20.00degC

é

gﬂﬁ 4.26 Temperature battery widget LLamqngmﬁ 100 degC wag Temperature

environment widget LLaquwqﬁ 20 degC

oA Temperature battery #sulgdawvindu 80 WagA1 Temperature

environment AsulasiAwfu 35 dsuansluzun 4.27

eratlre Battery emperatuce Environment

80.00degC L 35.00deg
Last UpdétedApr /022020 16:22 \‘ Last Updated; Apr 02 2020 16722

gﬂﬁ 4.27 Temperature battery widget LLaﬂ\‘iquQﬁ 80 degC Way Temperature

environment widget wansangi 35 degC

b) ANsNAAEUNTWE sukUasdues Battery widget va3fwUs State of Health
“U@ﬂqﬂﬂ‘ifﬁ Battery String 01, Battery Cell 0101 e Battery Cell 0102

Color logic fifmunazdsingdsgud 4.28

'.:"i’amﬁéy
\ :\j/

ma

0000

3‘1]17i 4.28 Color logic fifmiunlives battery widget
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dloAn State of Health va1gUnsal Battery String 01 F5ulgTianiriu 100,
State of Health wa3gUnsad Battery Cell 0101 75ulgiAuiaf 100, A1 State of Health

vyosgunsal Battery Cell 0102 715UldIAWINAU 100 Fauandlugud 4.29

D 100.00% D 100.00% D 100.00%
I

gﬂﬁ 4.29 State of Health : Battery String 01 widget ugng 100%, State of Health : Battery
Cell 0101 widget Lans 100% Liay State of Health : Battery Cell 0101 widget
Leing 100%

ilo State of Health woagunsad Battery String 01 Asuldtianmintu 70, fn
State of Health va3gunsad Battery Cell 0101 F¥ulgfidniniu 70, f State of Health

vosgunsal Battery Cell 0102 #15UldlAwintu 70 fauandlugud 430

gﬂﬁ 4.30 State of Health : Battery String 01 widset LLgns 70%, State of Health : Battery
Cell 0101 widget eim e 70% ey State of Health : Battery Cell 0101 widget

weias 70%

Jdlodn State of Health vo3gunsel Battery String 01 7sulgfianiatu 50, f
State of Health va3gUnsad Battery Cell 0101 FsUlETALYINTU 50, A1 State of Health

vosgunsal Battery Cell 0102 A5UldlAWINTU 50 Fauandlugud 4.31



112

g‘tJ‘ﬁ 4.31 State of Health : Battery String 01 widget LLe@n 50%, State of Health : Battery
Cell 0101 widget L&n 50% Wae State of Health : Battery Cell 0101 widget
Leing 50%

Jdlofn State of Health v939UnTed Battery String 01 Asulddianwiniu o, A
State of Health vasgunsel Battery Cell 0101 75ulsfiaiadu 0, A1 State of Health

vyosgunsal Battery Cell 0102 #5uldilawiniu 0 fauandluzuil 4.32

0.00% 0.00% 0.00%

gﬂﬁ 4.32 State of Health : Battery String 01 widget ugng 0%, State of Health : Battery
Cell 0101 widget ey 0% Lag State of Health : Battery Cell 0101 widget

LeEng 0%

INNISNARBUNITUAAINAYD LT Dashboard wuiimag Widget wanswalanudouly
71v1n13a9A1T na13Ae Dashboard @1u1sauaninaresilsissalildag1agnaas,
Widget n13tUagundasiniu Color logic lnagnegndas At udsaunsaasuladnssuy

ANUTOLAANNANTN Dashboard lensemuiiaulvnaamly

4.9 NAFBUNITUINADUDALULRA
MsnageunsLdsieussluTRasyinisveaeulaelde Simulation FevzUsznausie
nsneEeUdelUd
1) mMsvageunIsusafousmluifille State of Health < 50%
dloAn State of Health va3gUnsal Battery String 01 F5ulgTavintu 100%, wui

syuuldfinsdaduandasiou
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1A State of Health wesgUnsal Battery Cell 0101 AULAT ALy 80%,

wuszuuldinisdduaudaiion
\i @A State of Health vaagUnsal Battery Cell 0102 NFUlATAWYITY 60%,

wuhszuuldinisdlduaudaiion
vl @A State of Health vaag Unsad Battery String 01 15Ul dl ALY 50%,

WuhszuviimsdaBiaudusieusigui 4.33

State of Health alert! inbox x

The Ubidots Team <support@ubidots.com> Sun, May 24,8:56 PM Y “«
tome ~

Hey there, State of Health was 50.0 at 2020-05-24 20:55:57 +0700.

5UT 4.33 Bianisudatiiou State of Health vesgunsal Battery String 01

iileAn State of Health YesgUnsal Battery Cell 0101 MulatiAminiu 30%,

WU szUUinIsdeBlaUIuFBUAIIUN 4.34

The Ubidots Team <support@ubidots.com>
tome '~

Hey there, State of Health was 30.0 at 2020-05-24 20:59:49 +0700.

JUT 4.34 Blan1suduieu State of Health ve3gunsal Battery Cell 0101

\iloAn State of Health YssgUnsal Battery Cell 0102 N¥ulsiiAviaiu 20%

WUITEUUENITHBLAUI URBUGIIUN 4.35

The Ubidots Team <support@ubidots.com> May 24,2020,9:00PM T 4
tome v

Hey there, State of Health was 20.0 at 2020-05-24 20:59:58 +0700.

SUT 4.35 Bianisudaiiion State of Health vesgUnsal Battery Cell 0102

2) NMsnaapUNITHIRAoudnlulfiilogamniuaieysa > 45 degC 30 gaunivnY

Aansa > 60 degC
Wiavaizsameumaiivesuunmas ANy 25 degC, nudtssuulilingdediua

IENEL
WiavaizniameamaiivesuunmasiAingu 45 degC, nudtssuulilingdediua

LAFBU
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WevE N IANgMlTasUnRaIHAYINTY 50 degC, wuinseuuiinsdadiua

WIFRUAIFUN 4.36

Temperature Battery alert! nbox x C B B

The Ubidots Team Sun, May 24,9:06 PM Y

Hey there, Temperature Battery was 50.0 at 2020-05-24 21:06:32 +0700.

JUM 4.36 BluansuiaiougumivasuaneIvesa > 45 degC

\lovazAausngumgiveuunneidAviniy 25 degC, nuinszuulaifinisds
dauduieu

\lovazAansaaigumgiveuunneidAvitAy 60 degC, nuinszuulaifinisds
dlaudaiou

e iavsacmgumaivosuumne3iianmiaiu 70 degC, wuinszuuiimsdadiua

WAUFRUAIFUN 4.37

The Ubidots Team <support@ubidots.com>
tome ~

Hey there, Temperature Battery was 70.0 at 2020-05-24 21:11:22 +0700.

JUN 4.37 Ban1sHALARUEUNAITOIUALABIUMEIITY > 60 degC

3) nsnaaeuNsLindeusiluiRidegunsalnansieudeuiundt 15 uri
vl 89910 Tua@n v Und Edge computing 9n15¥MN15d A6 aKUS Current
wiazAney 15 uritdatus wihnisvaaoulneld Edge computing vinansdeesauys
Current W#agAMNiY 18 U
.o Edge computing 3¥n159N1543A162UUS Current wAagAIM1ITY 15 Wi,
wuhsruuliiinsddiuandasiou
.{1o Edge computing 3¥n159Mn15d9AIGALUT Current wiiagA1v1afy 18 W,

wuhszuviinsdadiaudusieusiagui 4.38

Connection notification alert! inbox x B B

The Ubidots Team <support@ubidots.com> Sun, Apr19,9:07PM Yy 4
tome v

The Edge Computing device has been disconnected for more than 15 minutes. Please check the Edge Computing device. The latest connection time is 2020-04-19 21:07:12 +0700,

5U7 4.38 Buansudaieugunsalvianisieusioutundt 15 wnil
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31INAIsMAdeUNIsuInfausnlud@laglden Simulation aunsaaguladinssuuy

A11150YNN15HAL AU lUTR tensamukeuluRimuall

4.10 NAFEBUNITEITI891UINIUNAUSEINFUA Y
Mnsnegeulagasalisngaulsedduavivinnisdsdaludmlunniuduns
1381 08:30 U. WU BATUAINUALIANT AR LA DLUANITHALADUNITAITIBII U ALUITA

Uszdunmiazgnasisusinglugun 4.39

BMS on Cloud Weekly Report b x 5

Notifications Ubidots <service@ubidots.com> Mon, Apr20,8:31 AM Yy &
tome v
Hi, your report New Report is ready for download:

https://s3.amazonaws.com/prd-293huhzkhalreports/report. Z5JG3E70SV.pdf
All the best,

JUT 4.39 Bwanisudufeunisdinenusaluiiuszinduam

IINNIVPFIUNITAITIBIURlutAUsEIdUn W dwnsaagulainssuuuaiunsads

eausalusRusEIdUlansIeuTuna iy
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A3UNANITNAADILAUBLEUDUY

5.1 @3unan1vaasy

Tassruiladnrissuuinnsuunmes uuunanrlosunand FEUUAIUNTOAIUANLAE
$UAINNSYIUNNS Charge-Discharge Ta3uuUnme3aan1simunan SoC 7 0% 18w 7.2 Volt
wazdl SoC 7 100% vJu 8.4 Volt 1 ewumme3fl SoC 7 0% szuUazIMNISAY Charge
LURLABS AL UNANITNAABIRULUALABS 1A SoC &3 100% FUUaLin15&e Discharge
LUALADILAZTNSLRUNANSNAReY e ntufvhmsthafildainnstuiinnanisnaass
1T guNLAAINTT Charge — Discharge L el ungAnsTun1sviaIuveLUnLADd
2NN ANITULBILUNLADIVLANNITAVDNATNINLATDNE T LRI UAmaI DUy 16
wazdaventadudulummoulunisldauainlseunseld ann1snaaeussuy
WU’j’lﬁ’lMTﬁﬂﬁ’\m'ﬁL%auﬁiaLLﬁ%ﬂ?i%JUEfﬂsﬁjayjaﬁ]”lﬂ?hu Edge computing lUgedau Cloud
computing LA 910 Raspberry Pi @ 78 Node-Red w11 MQTT protocol LU g’ Ubidots
uaz Ubidots anunsathafisusnlushmsinsigsiuasysvananaldmuingussasdidosns
UAZTTUUAMNITORAAINA LU Dashboard Uuu,aﬂwaLﬂ%’u%aﬁﬂﬁ;ﬂ%’ammmmaﬂm'mma
nsldsuesuunmoiiuguniniroufinnesuioanivinuldnaen 24 42lus uenani
suudeaIuasatiudayauu Cloud L‘ﬁ'aﬁmmwﬁ’a%aayauﬁa”ﬂﬁffa 30 Tuuay
doadymiufuszuy sevuagdnisudadeuludedwavosldauognesalusfuas
FiaansadaisenunauszdUniludsdldon § insenuingUssasdveanisdni

1AT99U

5.2 Ugywuazaldssa

A1sAnse Node-Red Ut Raspberry Pi §ududosiinga Node js Iaonadasiuiiosnn
vddsiiannsaldanuldiu Node-Red masduii

N158AvMszuUd addruUsznouaas Sensor node, Edge computing ta¢ Cloud
computing Sludasyhanundlaruduiudiarnsdeusevesudazdnilildinaiui
Tunsfinen

gunsalensawsudfosdandasema Ssdfedlisreznatlunsindeuar dnds

dlosnanunisainisseuinvedhialaia-19 vldAadgmnanisdeudeuasdedns

serinegunsnl IsdamaliiAnnisatlansslumuunuanuniell
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5.3 daiauauuzdmiunisideluauian

Tua1uvos Edge computing lun1514 91 Raspberry Pi d1115018 anf Ad
seuuluAnIslaniuanumunzantas gl ssvuuuluanishiidonaganainuaie
wingdmuinimuniidesnisaiisesdmnuila 4

Tuduwee Cloud computing luiﬂiamwfiﬁﬁwmmﬁaﬂ%&ﬁﬁu‘%mi Ubidots wuu
npaedldenliifiss 30 Yu ilidleasuimuadesinisadasaudnlmiuagdiiunisi
fouadnass sliiAanisdenanduegiann mndesmsdesonuasiannszuy msdedh
auysal iiensldanldenadeiiosuazifinyszavsnim vie annsaasugliuinslings
AunnaNdATdeanslden 1y Azure, AWS [Hudiu n3evindenisldguinig Ubidots sio
ansnananaLTRveIszuULazIUAB N HTYT Ubidots WUy Stem

ansfassluganisamissausuiinldludauues Sensor node iitodisasdoyalu
yauriszuuied enaiinnisdntedaulsiainisndsiesasenlussdiu Edge computing 1t
deszuuiasetelimenduantinulfidulnifezasnsaddoyadoundsld silsideyanis
FarrstilsiAnnigananie

ansnuduluaBug Unsalludiues Sensor node auAvsnzaLLilaliazaanie

AshefslunistgauluNuns
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Lithium lon

NCR18650B

Features & Benefits Specifications Dimensions
* High energy density [Rated capacity®™ | Min. 3200mAh ] Max. 18.5 mm
* Long stable power and ‘C - 1 "
long run time apacity™ Mm.3332550mﬂn:uhl ¥ E
* Ideal for notebook PCs, yp- <
boosters, portable devices, Nominal voltage 3.6V “Withtube  (+)
> —
etc. | charging CC-CV, Std. 1625mA, 4.20V, 4.0 hrs | ~
' Weight (max.) 48.5¢g N ' E
_ .Temperature Charge*: 0to+45°C ' -
Discharge: <20 to +60°C : :9
' Storage: 2010 +50°C {d ; g
|Energy density”) |Volumetric: 676 Wh/l |
" At temperatures below 10°C, | Gravimetric: 243 Wh/kg 8 (;)
charge at a 0.25Crate. T ~—awi - et | §
! At 20°C At 25°C ¥ energy density based on bare coll imensions For Reference Only
Charge Characteristics Cycle Life Characteristics
| N Y ——————— . Sl .  EER-dre . |
= Owiegle OV 0.5C fevare) 4200, E60A tut-off bt 25°%C ' sl _::-’:!.- ,l,““lj.:, :\L‘,"‘;, ‘,);:,H o '
w ¥ — ™
as £ t
»ie
5 ae vaLTage i %: :EE il
g 13 i 2000 E 5 gm’
2. 2% ¥ 5
a0 s o 5 5
l—‘ [u_uu’m AN 103
25 CAPRCTTY
] P
2.0 - Q
0 0 100 150 bas ] ¢ — 3 ~ - A A

TIME [minutas)

Discharge Characteristics (by temperature)

0 100 N 10

CYCQLE COUNT

Discharge Characteristics (by rate of discharge)

S SO
Charge C 20V, 65 tum-0ff 3t 28°C Chage W jmax) 4 BSmA
43 { Duschar o ( &3 Oucharge: OC, 250V cut-off an 257C
“ L W PN
s e s ~ —mapt.
§ 2s ——— - H R o, e —
3 — —— K — ——
— R -1 e o
= ’,./ — e £ e ——
T ) - . “\\ . 9 -‘~__\
~—— ~—— 50
\|
25 A s . .
0 9 1% 1500 > 150 w00 159 0 [T 1 1500 2000

DEOSAROE CAPALITY (it

—0 —

—a)

DISCHARGE CAMLITY (maM

— Y —

— % 10

x_~<—‘_‘~
T — “\
- \
T A\
™~ |
A
1590 00 159

The data in this document is for descriptive purposes only and & not intended to make or imply any guarantee or warranty.

For more information on how Panasonic can assist you with your battery power solution needs, visit us at
www_panasonic.com/industrial/batteries-oem, e-mail secsales@ us.panasonic.com, or call (469) 362-5600.
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SDM120CT Protocol

1. SDM120CT Protocal Impl eenestation
1.1 Modtus Protocol Overview
1.2 InpUut reQisier
1.21 SOM1I20CT Input Registers

1.3 Modbus Protecaol Hoading Rogiaters and Dégitad meter sel wp:
1.2.1 MODEUS Protocol Holding Fugis bar Paramebars

2 RS485 Qeneral Inforaation
2.1 Half Dugsbex
2.2 Connecting the atrumaents
2.3 A anvd B terminals
2.4 Troubleshooting

3 MODEUS Protocel Genazal Infarmation
3.1 MODEUS Protocc! Mesaage Fosmal
3.2 Seriw Transeruasion Modes
3.3 MODBUS Protocel Mesaage Timing (RTU Mude)
3.4 How Charactvr s are Tranamitted Senaily
3.5 Error Chadking Mathods
35.1 Parity Checking
352 CRC Checking
3.6 Function Codes
3.7 |IEEE ficating pow! formal
3.8 MODBUS Protocol Commands supporied
38.1 Read gt Registers
3.9 Helding Registers
39.1 Read Hoking Registers
39.2 Write Hokling Registers
3.10 Exception Response
3.11 Exception Codes
3.11.1 Table of Exception Codes
3.12 Diagnostics
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SDM120CT Input registers

Address
(Register)

30001
30007
30013
30019
30025
30031
30037
30071
30073
30075
30077
30079
30343
30345

Voltage

Current

Active Power
Apparent Power
Reactive Power
Power Factor

Phase Angle
Frequency

Import Active Energy

SDM120CT Input Register

Parameter

Description

Export Active Energy

Import,Reactive Energy
Export Reactive Energy

Total Active Energy

Total Reactive Energy
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MODBUS Protocol holding register parameters

Address
Register

40013

40019

40021

40029

462721

463761

463776

363792

Relay Pulse Width

Network Parity Stop

Network Node

Network Baud Rate

Demand Interval, Slide Time,
Automatic Scroll Display Interval
(Scroll Time), Backlight Time

System Power

Measurement Mode

Pulse Output & LED Indicator Mode

Modbus Protocol Start

High Byte
00
00

F5

F9

Address Hex
Low Byte
0A
12

20

Modbus Protocol Start

Address Hex

Units Hi Byte Lo Byte
Volts 00
Amps 00 06
Watts 00 oc
VoltAmps 00 12
VAr 00 18
None 00 1E
Degrees 00 24
Hz 00 46
kWh 00 48
kWh 00 4A
kVArh 00 4C
KVArh 00 4E
kWh 01 56
KVArh 01 58

Valid range Mode

Write relay on period in milliseconds: 60, 100 or 200, default 200.

Write the network port parity/stop bits for MODBUS Protocol, where:
0= One stop bit and no parity, default. 1 = One stop bit and even
parity. 2 = One stop bit and odd parity.3 = Two stop bits and no parity.
Requires a restart to become effectiva.

Write the network port node address: 1 to 247 for MODBUS Protocol,
default 1. Requires a restart to become effective. Note, both the
MODBUS Protocol and Johnson Controls node addresses can be
changed via the display setup menus.

Write the network port baud rate for MODBUS Protocol, where:
0 = 2400 baud. 1 = 4800 baud.

2 = 9800 baud, default.

3 = 19200 baud. 4 = 38400 baud. Requires a restart to become
effective

Data Format: BCD

min-min-s-min

Scroll Time=0: the display does not scroll automatically
Backlight Time=0: Backlight is Always On.

Default Format: Hex

0000: 0.001kWh (kVArh) /imp (default)
0001: 0.01kWh (kVArh) /imp

0002: 0.1kWh (KVArh) /imp

0003: 1kWh (kVArh) /imp

Data Format: Hex

0001: Mode 1 (Total = Import)

0002: Mode 2 (Total = Import + Export)
0003: Mode 3 (Total = Import - Export)

Data Format: Hex

0000: Import & Export Energy, LED flashes for Import & Export Energy
0001: Import Energy, LED flashes for Import Energy only

0002: Export Energy, LED flashes for Export Energy only
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