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Cooperative Title: Selection of Solar Rooftop Online Metering System for P2P Energy Trading
Student Intern Name: Thanupong Chiraoranpat

Faculty: Engineering  Department: Electrical Energy Engineering

Advisor Name: Sompob Polmai

Mentor Name: Pithon Vithayasricharoen

Company: BCPG Public Company Limited.

Abstract
The BCPG Public Company Limited’s business is to generate and sell electricity from
renewable energy as well as investing in companies that generate and sell electricity from
renewable energy. By attending an internship at Business Development division that works
to develop and integrate business strategy on the corporation to face the new normal

changing.

The Peer to Peer energy trading by blockchain technology will make new disruptive to the
electric consuming industry in Thailand. During co-operative education, we are trained to be
more skillful and must make a decision to select the metering system for a suitable context

on the specific site as long as integrate next project on a corporation

These skills and procedures that are employed during the co-operative education
contributes to save a meter price per unit for equipping and reduce the other expense for
example the man-hour for recording the electricity billing which makes the long term and

fixed cost of a monthly expense.

Keywords: Solar Rooftop, Metering System, Peer to Peer Energy Trading
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Fownsdoasnan nsudasdeyaandissanesn RSA85 (u TCP/IP ilosanmiinesMidentHlaid

wesn dmivdsoyaithszuulaens Jserdeiinandlunisudasdoya

21 nsdedoyalagld MODBUS Protocol’

MODBUS Protocol finsiteansdieyaludnuaiz Master/Slave daidunsioansangunsaiul
(Master) Wipaip3aaiienlgsgunsalan (Slave) lévane 9 1A3es Tnsanunsormuavaneiavgunsal
I¢igeam 255 LAdes

fidnwaiznsdedoya 2 wuu fie Feyauuuwead (ASCI) FseziSundn MODBUS ASCI way

v

ToyaLUUIATgIUERY (Binary) &93wi3eni1 MODBUS RTU whlvidianuunnsnslunisivunainese

Query message from Master .

#0ans

Device Address Device Address
Function Code Function Code
| Eight-Bit | " Eight-Bit |
— Data Bytes —| — Data Bytes —|

ALV T A
Error Check { Error Check
ol A Rl T b NS | T /S —

. Response message from Slave

31]1‘7; 1 N1589815UUU Modbus Protocol

elun193dell isudenldilu MODBUS RTU Tunsidu Protocol doens
dwiu MODBUS RTU tiu isudeyalulvua RTU Usgnaumedayauanasiuviianasd 1

Tud, vineaeileddu 1 lud, deyaivinissudsdrwiunnaaliiu 252 lud uayswansivdeuny

1 § Y & Uy
“PLC Protocol: n1sdagnsuuy Modbus Protocol” Winfieléiann : https://riverplus.com/2011/08/18/plc-protocol-

%E0%B8%81%E0%B8%B2%EQ0%B8 %A3%E0%B8%AA%E0%B8%B7 %E0%B9%88 %E0%B8%ADY%E0%B8%AA%EQY%
B8%B2%E0%B8%A3%E0%B9%81%E0%B8%9A%EQ0%B8%IA-modbus-protocol/

(SuhduAuieua 28 narAN 2562)
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wnandeyanntua lisaude Start, Stop wag Parity Check

Tneiéh Slave fitdsdayanonunazadresiia CRC udrdsmvingluddoyasenin vianty
o Master loSuinsudoyauaznandeyasonanninsuudiaeyinisAuinm CRC augnsideniu
Slave wlavhnsi3euiteus CRC v 2 Arimssiuvielyl wnldnsefuuansinfinauiswansly
mssudoyalulvun RTU

nsivdeya 1 lud lineuludeyadiulanglumisuagsenihnisdsdndoyasiu 11 Jn
fio Oniusdu (Start) 1 On, Jndoya 8 Un, Tnmsr9a0u Parity vestoya 1 Snuazlangn 1 On
(Stop) 1 Tn visemnidenuuulidiidn Parity Aagifuuuu Stop unu 2 On

dwdunstmualiion Parity 1 annsaideniduuuug (Even Parity) wof (Odd Parity)
Alst uazvnndisanseenuuuliiaenadesiugunsaifitldiumlusnniign msdenuuuglasiiannsa

Ysuwdsuduuuuavselifinisnsiadeu Parity (No Parity) léme

__MODBUS message

[P S S —

Start | [Address|Function)] Data End
=35 char 8 bits 8 bits N x 8 hits 16 bits = 3.5 char
Frame 4 Frame 2 Frame 3
1 s e | r‘“—'——““"‘r 4. s > .
N N o P BT AR A = o Bl
l AR S Pl A ks [ BRI 9% o
[ : ' : . G AT
R el G : i d5chard' o
ol lenst 3.5 ching atleast 3 5 char e gy
4.5 chat

sUT 2 dnwassiwsudayavas MODBUS RTU

With Parity Checking

i | ?

|Start | 1 | 2 3 4 5 6 |8 Par | Stop
Without Parity Checking

s | z i

| Start | 1 ; 2 3 4 ’ 5 i 6 78 ‘ Stop | Stop |

| | ’

Uil 3 dnwnzdeyaudazludvss MODBUS RTU
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\59edinnsldgunsal Converter MYieuUasdyannain Serial RS485 W Ethernet LAN
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Server Internet

RS485 to LAN Modem Router

Power Meter

JUT 4 ununwuanmannIseusian1sastayad @ iIes

23  3%UU AMR (Automatic Meter Reading)

JPUU AMR Aaszuuauniheimesiniuuusaludflanenudenaisnieg antuay
o v o 9/5 I3 val o 1 14 1 ¢ 1
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N1599NUUUTUUALNB5ULUU AMR Tngldgasnuasuazarsauasiuu Open
Source °

Tuszuudl AMR 19 WiFl Wuluslareafioanslumsdsdoyalunisyh Remote Sever
Foyaitdsiudgnilidismalutianaiissysimaaioutuuiadoyaderumndmnetg
fflészuu AMR  deems  sseznaniifeyagnddludussgnasylusndaund  fignds
Amnimesandldnudniivis ufndoyadesin WIFI Protocol aeldnseuves HTML &
Huirdesilolumsuansnisidenteyageunsaliisnidon

Jdwannsafiazgnisuansdeyanngunsallaq  Ald Afimadeuseriurasmng
doans WIFI I¢ (017 Tnsdnwviiadoudl , uiiuidn reufmasnnn wasdue) wag HTML W1
N Script

ilessheandnumzues WIFI Protocol Fdsteyaldlisfnsuramenisdeans su
fnssariivhldie wazsamdr Saldselumsdudumsiivos foaned Saduvewad
Protocol ﬁamaiﬂuﬁgmﬁaﬂﬁm%’u 5¥UU AMR

dmiuloyavesanssua  uasusafy  szgnifulugunsaifiiadsluaerdslnih
(Power Cables) lngld noudasiuusesiu (CMT : Current Measurement Transformer)
%ayjaﬁ%gmﬂﬁauﬁ%ﬁué’mmm aunden uavAdnea  Hugunsaiinanuviies %aaq’tu
TPUUTBIENNNILRDS

foyaiilsiuazgneruasiudia Aduino Uno R3 uasdsdiayaluil WiIFI Router
Tnel#luga ENC28J60 Tunnsaseilsf Router wag Router dftihdioya dudniadatng wif

gunsailen Afiusieesfiinisheds HTML 10 uamdeuderiu inSetis WIF
asnsniudoyatuld o Fasnamiy

usiegslsfimusigesinesillfifusnudoyaaduaialaimiduiiifenufinnesds
\Jeusta WIFI ‘Lums‘disqﬂﬁl,ﬁu%a;g,aﬁsiwué’mumﬂzum‘%aszha auffusiuing s txt ield

ALANABNITANRUNITER LU

“Designing Automatic Meter Reading System Using Open Source Hardware and Software” @infielgann :

International Journal of Electrical and Computer Engineering (IJECE) Vol. 7, No. 6, December 2017, pp.
3282~3291
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2.5

HTTP WebSocket’

WebSocket fifenesindunisluimieiiddnlumsdisussqinssasdinndld g
fio nsdsdeyartiudswneslduuy a vuewils nevstusldfugunsainiduiimesifies
ueilvighilmesdedoyamuiitivun  nénn1sves WebSocket mnesutglunwivesdide A
dvhaulasmsfidudsineiddoyaiionsaeuigunsnifideuretuswinnuogviol
ynvhawfdsinduan Sadunszuumsihusvhlisldsudeyaogiaiuhei fedue
donni  AeresuneiidaiifevBuninnunasdeyadnedaduiindedold viwannsng
Wrastayasnedenun1e laandiu ussanunsy

WebSocket fpunsngiumsdsiutayauuu simulate full duplex w3en133naed
msdedeyalundundon qfuldsening client fu sever fhemsifeusiowuy tcp Uy
UMI§1U http/https

WebSocket Aa Protocol dwi§unisiudstioyaiuy Real-time Communication 7
doasfulianmiesening Client aghawu Browser wag Server uu TCP AadL il
#oa¥1s Connection Tvifuynasaiifesnissudstoyaseminetu @1 webSocket diingnld
ulu Application Uszian Chat, Collaboration, Multiplayer Game uagszuu Financial
Trading

wiies WebSocket flo 35 Service fivmtiddu Protocol ks Server iled

Client yNsWauselt 1y Services Hag@nniy Client lUog19lnddn 1iansI1aaaun

Client yhmsiWeusiouasnion Su-dv deyaliimasaan laedlignduinils Client finns
Request w3ali avtuiietly Server fidayauilvaig 61 Services Ufagvimiinil Push daya
iedalviiunng Client Mivewsioagluvedy Fuluesauisaiiaensivaeulain & Client

aglsUnanmawihnsaeusest

“Amazon CloudFront Uszn1Asas5y WebSocket Protocol wéa” windieléiann :

https://www.techtalkthai.com/amazon-cloudfront-now-supports-websocket-protocol/

“WebSocket Anazls” Winieléiann : https://volraton.wordpress.com/2015/05/20/websocket-

%E0%B8%84%E0%B8%B7%E0%B8%AD%E0%B8%AD%E0%B8%B0%E0%BI%84%E0%B8%A3/

“WebSocket naufi 1 : WebSocket Anazls nnsfudsdinyauuy Real Time fiag PHP” dinfisléiann :

https://www.thaicreate.com/php/php-websockets-real-time.html
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Server Browser

e )

«—Send Message

Publish Message—»| & =

—Publish Message—=
ws://host:port/path

——Publish Message—=

. i/ User N

g'th'?i 5 gﬂtmumsﬁﬂmwm PHP WebSocket

Fannewnun1s Request 910 Client Imgving W Misnazsedld Client vinnas
Request @9 Post %58 Get lUSs Server uay Server Nagyiin1s Response ANNAUNN uaY
Server fiaglaifin1adin Client ldvinisUanisidensaldudviseds Jswesliuratrafianin

Session ¢ Timeout TUwan



3UT 6 \Wun1s Request mauund aziiudndiuandreiu fis Client vin1sideudaudazassiazle
Response NAUNN 1 ATILYIUY

N3YIUYeY WebSocket agmsiuiiadl Client a9 vinisweuseluds Server Tuilauas
Server ail Services Mi1UDLRABALIAN Teazda Push 158 Response nduludmn ¢ Client %

\Weureagluvnziu 31 Client MagldsuamSouiuvun

——-[iMe

JUN 7 sUuuUn19vineIuves WebSocket
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2.6

2.6.1

2,62

API (Application Programming In’cerface)‘1

API Lﬂuﬂ;ﬂﬁﬂﬁaﬁaymﬁiﬁ%ai‘wm%mmmﬁamsﬁqﬁ’uuazﬁ’ulﬁ sudaduras
nensWeusialUsINIUUSTYNATBS mulusunsuussyndennunasdu  vioenaldu nns
LBUTEUUNITNIUY L%'ﬂﬁuszuuﬂﬁﬁﬁms

@ 1 P 1 v A a dyl v o v

et eiiusiuaRe  Google Maps APl uinsiitreliisanunsahdeyaves

= Y a vy & ¢ a o & & c Y v ' =~

Google Maps 114 Google Tiusmsunldiuiules vesusemamsoduladvnedusineg e
\DuBndesnafiliignimstuuien vdershutiuegile

Taqudl API gnlaruly application wivelddeansiu User Tngnisunen AP T4

o &
JIUUAIY

5 ; 5
Libraries and frameworks

API %Qﬂ’l%lf]u software library #08ulun1d document Iugﬂ‘uumm program

a [

nensfueenll  auANuwngauiunY  Weterluvindu framework  THussuuldlunis

ERGARYRGD

Operating Systems

API %Qni‘z’fﬂ'luluﬂﬁa‘amiiswj’m application wag operating system L3y POSIX

W38 1NATIIUNSHeaTYe OS 7ilY APl 1w command line tiemugumsyhauves OS

4
“API Aeazls” Wndsldann :

https://www.mindphp.com/%E0%B8%84%E0%B8%BI%E0%BI%88%E0%B8%A1%E0%B8%B7 %E0%B8%AD/73-

%E0%B8%84%E0%B8%B7%E0%B8%AD%E0%B8%AD%EQ0%B8%B0%E0%B9%84%E0%B8%A3/2038-api-

%EQ0%B8%84%E0%B8%B7%E0%B8%AD%E0%B8%AD%EQ%B8%BO%E0%BI%S4%E0%B8%A3. html

'
o o

2

(Fundudutieya 5 noAAN1EY 2562)

5 =y -1 2
“API Rearls” Wintialfann : https://saixiii.com/what-is-api/

2/

(f?uﬁﬁu%um@ga 5 woAaneu 2562)
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2.6.3 Remote APIs
Remote APIs vilily developer awnsanAIUANMSHEININIUNIN  protocol
wWieliilnesgiunseansifentu uiiuauas technology 1wy Database APl @nse
au MV developer Wanfstayalu database wannvaneallalél w1 function WRenfiu
\Ns1wRztl remote AP Jegnlduasluaiu maintenance Tnevihauiiila client Wiludstoya

970 server NAUAINIVINU

2.6.4 Web APIs
Touldiumnnlutagtu mszeglunguues HTTP uasveeeenludsuuuu XML uaz
JSON Bslausanudafifoaguu web service 19y
® SOAP (Simple Object Access Protocol) 1% XML format Eiﬂ‘fljauua
® REST (Representational State Transfer) @wnsaly XML %38 JSON format ds

v

UBUA
Y

2.6.5 Uszlyvilvag API

14

® annsniudavayatiu Server ld

o Y I3

o lLidndudeudmtihiunen Afideyaveaiunante 91nn15ha API
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3.1  YuURaUNITANIUITIY

dmutuneunsaniiunumungidelanaunul ilidaseluil
| P9 ° = = I3 v

® SIAULUULATDBNLUUNITINGILYBISEUU WaUseiluanudulule

® Jsuilulassasiunuuesgunsaindiludedddlunisdniiuanu iemuausiunuledly
AsauNIely

® 1 AUBLATINUAULUU N3aUSUNINISRaUSU WathuwAlulugsudall

o uilulassnunaziauaiiielildsuuuugaring

ANSHAAWAUNITAL T UL Al AR IR LUl

Anmlasanisluefnisl
wrAnlndiAeg

< alc; - e
Ansmalulagnussmay
Yo X
i liluiuness

FFAUILLUAZaBNILY
MIMNUTBITTLLIUBY
&
{Asanul

dsutiulasaaiafiunu
gunsaMdndusiaalilu
nsatiulaseanu

1inauslasanufuLuy

w%aufu Feedback
vinudily

wiilalaseau uazinaus
auldzuuugaing

gﬂﬁ 8 NINLLEAIYUIBUNTITANTUIIUENNAANE
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3.2

3.2:.1

Fa o Al R e

gunsalilinegadas

dwmiugunsaindlusenuidonssll asussnoulume

Digital Power Meter (Smart Meter)

Tnofnndnwmedail

\Jufiwes 3-Phases

annsadavman Aaslnd (kw) wasaulnda (kwh)

sudeyalduuy Bidirectional vide swldsd (import) wazareen (Export)
X Accuracy Rate 1.0

Weusieoyalwihdndniunsufimesustdeld lnvdsdoyn vnq 15
flvosdednygnondu Rs485 WWeuselaeld MODBUS Protocol

(v&f33) awnsodeteyadigrudeyalnensild tnglidesiugunsal Converter

NUNVDANNABINTANWULT WA TISUAUNNRIN  Snwzenrshazi lURnsa

12
C% £ o

WU ARINMINIIUAMSINEAVUTT  IINWAINULEIBITARE  wazrdmanuIeen  1ndusng
Adalwihildase Fnauseidslniimagn dwufiden Accuracy Rate 0.5 Lilesannia
foanslitedeyaiilifimaanendoudesiian venani lumsdevendun isniuded
fwesnimhoTaiuigrannninfimesunise dunsdsdeyanng 15 wfl Sdunpsgiu

Yo3llnasvng U
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3.2.2 Converter RS485 to Ethernet/T CP/IP6

'
U £ % al

gunsaltildiieuvasdyayudeyailiain Digtal Power Meter Huguuuudoyafidad
Binesle fdewhuuuilileanindy Jeyadidseanain Digital Power Meter dailygjazsinusany
NnBi3ea RS485 BediSvailimliausadudrdufddfeyaveasild ndeosdinmsulasioyalvidn

fulinew MRadumsuandosld Converter 4

5UA 9 sUnmuBRAnt Converter RSA85 to Ethernet/TCP/IP

Introduction of RS485 Ethernet Converter

USR-TCP232-304 is a low-cost serial RS485 Ethernet converter, which can realize bidirectional transparent transmission between RS485 and local Ethernet or Internet. It is integrated with TCP/IP protocol.
Features of RS485 Ethernet Converter

Support DHCP, automatically obtain an IP address and query IP address through serial setting protocol
Support DNS function

Set parameters through webpage

Upgrade firmware via network

Auto-MDI/MDIX, RJ45 port with 10/100Mbps

Serial port baud rate from 600 bps to 230.4 Kbps, Check bit of None, Odd, Even, Mark and Space

Work mode: TCP Server, TCP Client, UDP Client, UDP Server, HTTPD Client

Support virtual serial port and provide corresponding software USR-VCOM

Heartbeat package mechanism to ensure connection is reliable, put an end to dead link

User-defined registration package mechanism, check connection status and use as custom packet header
Under TCP Server mode, Client number ranges from 1 to 16; default number is 4

The global unique MAC address bought from IEEE, user can define MAC address Restore factory default
Across the gateway, switches, routers

Canwork in LAN, also can work in the Internet (external network)

Provide PC TCP/IP socket programming example such as V8,C++,Delphi, Android and 10S

Support customization

Application Field of RS485 Ethernet Converter

Industrial data transmission, industrial automation

security and protection monitoring, public security

Smart home, power control, envi g, intelligent agriculture
Door check on work attendance system, POS system, rice selling system
Building ion system, power monitoring, self-service banking system, telecom machine room monitoring

g‘dﬁ 10 aNWAIZINNIZNANNUIN Converter RS485 to Ethernet/TCP/IP

gUnmudmitust Converter RS485 to Ethernet/TCP/IP dintieléann : https://www.amazon.com/Serial-Ethernet-

Converter-Webpage-Supported/dp/B07GB737KN/ref=pd cp 23 2/143-9914568-

88055557 encoding=UTF8&pd rd i=B07GB737KN&pd rd r=c62289a1-8d78-44fb-bed7-
df5c92a5a1b8&pd rd w=0VIaM&pd rd wg=bfB1T&pf rd p=0e5324e1-c848-4872-bbd5-
Sbebbaedf80e&pf rd r=WBPKE74RHQGTC4BXXCQZ&psc=1&refRID=WBPKE74RHQGTC4BXXCQZ

o

(Tundubudieys : 31 nanAu 2562)

U Q
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3.2.3 Modem Router7

gunsaitlldlumseudedeyalnefudeyaiiuasuwdrainds Converter hgszuuiaseniels
e

5UT 11 7MWKEAA U9 Modem Router

2 y
s19a:9UAFUA

® Jsunn : WIRELESS VDSL/ADSLMODEM ROUTER ® 3.BLACK

. a"m§u:léauﬁoNETWORKWIRELESSVDSUADSL o mssuus:Au : LIMITED LIFETIME

* SUPERFAST WI-FI 300MBPS(2.4GHz. )AND 867MBPS(5GHz) SPEED ¢  FOR ONLINEVERSATILE CONNECTIVITY WITH DSL,EWAN,AND USB
S,ARE IDEAL PORT ,THE ARCHER VR400SUPERIOR RANGE THREE HIGH GAIN A
NTENNAS PROVIDE STABLE WIRELESSBEAMFORMING TECHNOLO

GY CONCENTRATES SIGNAL STRENGTH IN THE DIRECTION OF

Archer VR400 Uaﬂ5anﬁnun1wvoJmsn‘iauvio5ulnos’lﬂmoanmlﬂuiﬁnmwéovod 2 ﬂﬁ'unmuﬁ'ﬁrymm Wi-Fi fiv 1.2Gbps , 300Mbps
UUASIUR 2.4GHz 1a: 867Mbps UUAYWA 5GHz, uanNTISIDMsHinAcWEBIE-OWIWagINAcLELNNluRuMsoaulaudngos
Womumstdnuduinoélnlfonuifuls:ansmw indovluiRLdiown:aoaingovis Wi-fi (VDSL/ADSL) Raduauugunstiuniuna:an
Ayanusunounuulsamuiioasumsitouronatesn WA

JUN 12 dnwagdunwiznandine Modem Router

sUnwudnsitugt Modem Router winialéiann : https://www.powerbuy.co.th/th/tplink-modem-router-ac1200-

wireless-vdsladsl-tplink-archer-vr400-
%EQ%B8%AD%EQ%B8%B8%E0%B8%9B%E0%B8%81%E0%B8%A3%E0%BE %93 %EQ%BI%8C%EQ%BI%S0%E0%B
8%AA%E0%B8%A3%E0%B8%BA%E0%B8%A1%E0%BE%AA%E0%B8%B3%EQ0%B8%AB%E0%B8%A3%E0%B8%B1
%E0%B8%9A%E0%B8%84%EQ0%B8%AD%E0%BE%A1%E0%BE%IESE0%BE%BA%E0%B8%A7%E0%B9%80%E0%B
8%95%E0%B8%AD%E0%B8%A3%E0%BI%8C-228783

o

(FunduAudeys : 31 nanAx 2562)

U q
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3.3 N1599NHUULASIINUEUNISYIINIY
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U

[ (% 1

uanAiunmrannInsdeyaingseuu  neiidelanvuanguiinesianun 2

1A 1 a saa

nau lowd Ae nquilimeindanuannsalunisideuseiuaeuiumeswiveliies Tnengu

q
b4

fipesll fimavum 2 szuu lAuAszuu  NBIOT  Communication Wag  Wi-Fi
Communication fudnnguvilaAe NguiiwessssuaNansasuAIdLUsilseensia

uazlivesdednygra lunsdedayaligunsaidudioyatuneuiiamesudie

Y Yy Yy ' ¥
l o a o wva A

weivisivistiu Aefifnediia 3 ssuuil dnnauiRnugiunssiuie
o Jufiweosuuu 3 wa
® g1uA1 kW kWh lalwuu Bidirectional
® 3 Accuracy Class 1.0 #3® finin

® aunsnsuteyalavn 15 Wil
Aaivinliifmesueia 3 szuu sty AedBnisdtoyn deil
1. msdedeyalay Narrow Band %38 NB-IOT Communication
2. m3dsdayalag Wi-Fi w38 Wi-Fi Communication
3. msdsleyalagendey ssuu Ethernet eirugunsal PLC Tussuu Zero
Export
uenniszuvinesusasuiinfiil System Architecture fiuanaei g
Alddereirsasafufide ddnszuunmsdnieniinoffineugauszasd uzay
doanuiidnia nieuanfunuaildane lulassruvesu3dn

U Va v E%
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33.1 WAassUU NB-IOT Communication

~————» PEAGrid

el
Solar Panel Solar Inverter Power Meter Utility Load

JUN 13 ununnuansszuuledigniieyvesiivnasssuu NB-IOT Communication

a [

dwivilinesninisdateyalagltiniatie NB-IoT 35l LWEMg wAmNNTiweslnunss

uazdernlunszuu dgUuuy System Architecture Ausialuil

.Cloud Service
A3

//,' \\
A // \\
&S / -
/,/ Use Some operation
4 To manual get the data
¢ . and sent data to the server
>.§ - (Not Automate)

Web Service

Smart Meter

Server

gﬂﬁ 14 UNUAINLERY System Architecture ¥8dilAa358UU NB-IOT Communication

A9BUNEARUTUABUNSINLYD5ZUL
® dupaulLsn Smart Meter da%@ga"ﬁu Cloud Server
e iy Lﬁav‘iwn'}smmﬁ]aam’imp 151RB9T1 Website Lﬁa@m%’auﬂa (AMR)
® uazineiign mnindosmsdeyaiu nddieienn nfidnaendeyaiu  ds

AT Server YBWIIDNTINIS

wensEUuLdn dwsuasll Isnfiddendnvne Aen1sue Modify M1in Smart Meter e
IP Address Toinsatu W@5W0599997 leenssdiull enadesdsasiiuau Tunsyeavansvaani

W05 %a%aaﬂmﬂuﬁqgﬂmwﬁ
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Cloud Service

" N
o o
ébl ,,/// \\\ \\\
/ NN
-
/
Web Service

Smart Meter

Fixed the IP Address to
Target Server
(Must accept the License Cost)

Server

3‘1]17; 15 WHUNINLERY System Architecture ¥89iilna35suU NB-IOT Communication #8015
USulge

dyuAauUR Yaeliinasszuu NB-IOT

-5 WY Monitoring System

- fl9panenisdeansuuu NB-oT

- fAenflun1semea sy 20-30 U e

- a@nsadeleyadu@sinesld uitlaldinelunsandvdvs Fadusedned

WNAVULNEIATALREN
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3.3.2 ALH9¥5YUU WI-FI Communication

Solar Panel Solar Inverter Power Meter Utility Load

- PEA Grid

gﬂﬁ 16 Lmumwu,amizuuiqjmgw%ﬂwmﬁma%sz*u*u WI-FI Communication

dwiuilinesniinsdateyalagldiaievie Wi-Fi FBilsannsasiumainines
Tngnsanaraar luNssuu U ULUU NB-IoT wailsieazidenuangausiaiuy lngagiiguuuy

System Architecture Aaaaludl

Cloud Data Service
=
‘ 0

P API for the server via internet
/ KITPS GET of POST

4 WebSocket

&
X/
&

/
Web Service
(Dashboard)

System Architecture

Smart Meter API for the Device via Local Network
GET

31]17'! 17 WHUATNLLERAY System Architecture ¥893lAa3$52UU WI-FI Communication

AND5UNYAIAUIUADUNITNINIUVBITSUU

I
v

®  JURBULTN NAIINFAGRIA Meter hazyinnIsAIAT Wi-Fi kad

109/

o wesazdaya lUNufiranAvemegiiuinig
o niu inidiuledvesgliivins iegdeyasine Tnevdnnts mshdoyail agld
WebSocket Tumsdstiaya a Frvagiiamils uazuanssalvigidaulagldguuuy

Dashboard dwiunansrvaya

v 4'

e uanNil Meaavelruinsdad APl Ity dldnuaudus e

Y

L4

e Tagdadl lAas19AULANAN9TENING FsUAURWesTEUU NB-IOT Astsiatunsadsliv

Yo aa v

Server Y041315UTeYallAviuTINLIABINTT HIUNTEUIUNTT Rest APl Huias
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ayuAnaNUR Y993ilnasaINTzuy Wi-Fi Communication

WHu Monitoring System

gpanansasansiagly Wi-Fi

3 API
fAne

VLA

Y

lunshstoyaidngsnieslaviui

WiuMsTeU sie 1 led Useu 1,000-1,500 um (1 lef aunsag

16 100 wwIpansounu)
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3.3.3  3LADITZUU Ethernet

ol
Solar Panel Solar Inverter Power Meter PLC Utility Load

—* PEAGrid

gﬂﬁ 18 LqumwLtamszwisud'lgw%ﬂmaaﬁma%mnsx‘uu Ethernet

dwduliweiilasiinsditeyalasiuresdsdynynain RS-485 Ndaliwes gdda PLC 910

g
Y

55UV Ethemet wagihwudeyaidhreuitinesusuisiely visilssuuilfijunuy System Architecture

Y

fagaluil

Internet
—

wn | Modem Router uv| Modem Router un | Modem Router | Modem Router wn| Modem Router

RS48S to RS485 to RS485 to RS485 to RS485 to
Rs-485 LAN Rs-485 LAN LAN LAN Rs-aasI LAN
& = R &
e e = e

Power Meter Power Meter m— Power Meter Power Meter T Power Meter

gllﬁ 19 WHUNTINLLEAY System Architecture ¥89iil@a$31N52UU Ethernet
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AEBUNEETUTUABUNTTINITUVBITEUY

o dumeuusn WAWINTITWNSARRS Power Meter udn iildgunsnd
RSA85 to Lan Converter ifleutasdayqndoyatidngunsal PLC

o gindufvinisiardagunsal PLC i Tneiimsdsdoyarioantuf

ADUNADSHUUNLVDILTN

ajuAuauUA veelilnasINTEUU Ethernet

- Ju Control System

'
1 =

- dYemwnensaeansiaely Modbus RTU su RS485

)}

Y
a 1 o a aaa

ey € o =1 o A o a &
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Y

syesdmiunsvudstaya
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4.1 inauvinupaIaNTANI9mALln

[ 7 7
Y

Tums39eil 15lissuunsiiu 3 szuugaineiuiisnisdeteya suldun NB-IOT,WIFIL,LAN F

a
asnanuuansslunsddeyaves 3 ssuuil fie Anudilunisuudadeya vse Data Rate &l

Yoyanisialuil
Protocol Main Characteristics Data Rate Transmission Range
UART Low power requirement, wired 20Kbpts-20Mbps Up to 1000m
SPI Low power requirement, wired 20Mbpts Up to 100m
12C low power requirement 100kbps-3.4 Mbps  Few meters
CAN Many wired devices Up to 1Mbps Up to 40m
Zigbee Energy saving, very short range 20 Kbps to 250 Kbps 10 to 20m
Bluetooth Cable replacement 1 Mbps 10 to 100m
Wireless -4
Access Points ¢ N_Cl“ O, Lofol e 6-54 Mbps 120m outdoors
Network
(Routers)
Wireless LAN Data Networking, Local Area 1- 11 Mbps 140m outdoors
ata Ne T eeyeees S, ‘e
Wi-Fi Data I\_Ct“ orking, Local Area 6- 54 Mbps L4 obtloors
Network
Antennas Dygd NefTida, octl Sia 15-150 Mbps 250m outdoors
Network
WiMAX Metropolitan Area Network 2 to 75 Mbps) Up to 35 miles (56 Km
: Wide Area Network Connectivity. 144 Kbps (mobile) to ; ;
Selula NG Digital, packet switched for data 42 Mbps (stationary) Fey s
Cellular s
AG/LTE Same as 3G 300 Mbps to | Gbps Several KMs
; ad) andSatellite cz rer 100°s of
Satellite Wide Arca Network W) ande st s

1 Gbps (download) Km’s to entire earth

o e S o ; 8
JUN 20 Yaya Data Rate Tuwsiazdsnsdeans (luntlisnden WIFI uag Wireless Lan)

¥

finyn Data Rate luwsiazAan1s@edns innslfann : https://www.researchgate.net/311%1/CPS-

Communication-Protocols-Main-Characteristics-Data-Rate-Transmission-Range tbll 324652989

(Tuhdududeys : 31 nanau 2562)
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Specifications:

Communication Module: Quectel B(C95-B8
Network Technology: LTE Cat. NB1 (NB-IoT)
Frequency: Band 8 (900MHz)
Data transmission: (Single tone)

o Downlink 24 kbps

o Uplink 15.625 kbps
Protocol stack

o UDP

o CoAP
Serial Communication (UART)

Hardware Serial

o RX : PINO
o TX : PIN1
Software Serial
o RX : PIN8
o TX : PINS

annsawdannant’ Raspberry Pi miumie USB wagamnsatadnlduiuvie UART ot
Additional Feature:
o0 NB-IoT Module Reset Button
o Power Status LED
o UART from Computer or Raspberry Pi USB
NB-IoT Module Certification
© NBTG,t €E;.1CCG,
SIM-Card Slot for True NB-IoT

sUf 21 daya Data Rate Tnenld NB-loT"

finya10s Data Rate Foensli3sdeansuty NB-1oT winfieléiann : https://github.com/trueiot/True-NB-loT-Board

o

(fuidubudieys : 31 garAx 2562)

U
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19U UENAT Data Rate uAWNARUAZAEAUE drlioynagUnadisil

Communication and Data Rate

B
NB-loT 15.625kbps 24kbps
LAN 1Mbps 11Mbps
WIFI 6Mbps 54Mbps

M19199 1 A1519815U Yaya Data Rate

1 v
a
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maaan 15wl msmalilavsela ngldmsiiey ssezialunsdedoya dudeyasegns  og
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WI-FI Ethernet NB-IOT

Communication

Investment Cost 827,192.16 891,240.00 869,578.00
on 131 Units
Accumulate 57,456.38 1,044,178.45

Network Cost -

Over 20 Years

Overall Price 884,648.54 891,240.00 1,913,756.45

For Per Unit 6,753.04 6,803.36 14,608.83
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LLﬁiﬂgﬂﬁﬂzﬂﬁu ﬁgﬂﬁma%WU NB-IOT Communication , Wi-Fi Commutation wagilinasain
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N15bALMBSLASBYIENI580E5 NB-IOT Communication
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wisngdmiunsldanu Mlmsddeyanlinn ewnAdnsinsdsdoyavse Data Rate il
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Atoeninsvuudug Aldlunsiteneauns fadu mﬂamuﬁaﬂc?iu’aﬁa@ﬂﬁaiﬁagaﬁazﬁaas] FTUVY
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1RgMINANUINTIALET Aadilnasseuy NB-IOT ﬁiﬂmsiawﬁwayjﬁ 6,638 U Taes1Anil
lesnnlufidlddelunmsiamilusunsuas mnusiialdeeintetnesed s1uiu 288 vn fe 1

U s 1 1A599

| mlfhwned
HardWare Communication
Quanties Costpernit T T Cost Meter Sim Ng-107 Network
‘ Cogt Cogt Q  Cogt Q (o
1 6,638.00 4,650.00 4,500.00 150.00 1,988.00 1700 Y] 288
11 6,638.00 51,150.00 49,500.00 1,650.00 21,868.00 18700 3168
21 6,638.00 97,650.00 | 94,500.00 3,150.00 41,748.00 35700 6048
ki 6,638.00 144,150.00 139,500.00 4,650.00 61,628.00 52200 8928
4 6,636.00 190,650.00 184,500.00 6,150.00 81,508.00 69700 11808
51 6,638.00 237,150.00 229,500.00 7,650.00 101,388.00 86700 l 14686.
61 6,638.00 283,650.00 274,500.00 9,150.00 121,268.00 103700 17568
n 6,638.00 330,150.00 319,500.00 10,650.00 141,148.00 120700 20448
81 6,638.00 376,650.00 364,500.00 12,150.00 161,028.00 137700 23328
91 6,638.00 423,150.00 409,500.00 13,650.00 180,908.00 154700 26208
101 6,638.00 469,650.00 454,500.00 15,150.00 200,788.00 171700 29088
11 6,638.00 516,150.00 499,500.00 16,650.00 220,668.00 188700 31968
121 6,638.00 562,650.00 544,500.00 16,150.00 240,548.00 205700 34848
131 6,638.00 609,150.00 589,500.00 19,650.00 260,428.00 20700 37728
141 6,638.00 655,650.00 634,500.00 21,150.00 280,308.00 239700 40608
150 6,638.00 697,500.00 675,000.00 22,500.00 298,200.00 255000 43200
160 6,638.00 744,000.00 720,000.00 24,000.00 318,080.00 272000 46080
170 6,638.00 790,500.00 765,000.00 25,500.00 337,960.00 289000 48960
180 6,638.00 837,000.00 §10,000.00 27,000.00 357,840.00 306000 51840
190 6,638.00 §83,500.00 855,000.00 28,500.00 377,720.00 323000 54720
200 6,638.00 930,000.00 900,000.00 30,000.00 397,600.00 340000 57600

JUT 34 21MuEAeT1AIATIETIBLENAMNTINIULATES YBeTilABSSTUU NB-IOT
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Total Cost

6,638.00
73,018.00
139,308.00
205,778.00
M,158.00
138,538.00
404918.00
471,208.00
537,678.00
604,058.00
670,438.00
736,818.00
$03,198.00
$69,578.00
935,958.00
995,700.00
1,062,080.00
1,128,460.00
1,194,840.00
1,261,220.00
1,327,600.00
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Fueuanuasuna1eusEndeg Ul (Peer-to-Peer Energy Trading)
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UITUIYNITN
“PLC Protocol: nsdeansuuy Modbus Protocol” Wnfisléann -
https:/riverplus.com/2011/08/18/plc-protocol-
%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%AAYKE0%BE%BT%E0%BI%E8%E0%BEWAD
%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B99%81%E0%B8%IA%E0%B8%IA-modbus-

protocol/

LY b

(Yuiidududioya 28 mana 2562)

“Designing Automatic Meter Reading System Using Open Source Hardware and Software”
ElelAa1n : International Journal of Electrical and Computer Engineering (IJECE) Vol. 7,
No. 6, December 2017, pp. 3282~3291

[ %

(Tuiidududoua 31 nanAy 2562)

U 9

“Amazon CloudFront Usen1asedsy WebSocket Protocol #a2” winfialsann :

https://www.techtalkthai.com/amazon-cloudfront-now-supports-websocket-protocol/

“WebSocket Anagls” W1ddldann : https://Avolraton.wordpress.com/2015/05/20/websocket-
9%E0%B8%84%E0%B8%B7%E0%B8%AD%E0%BE%AD%E0%B8%B0%EN%BI%84%E0%BE%A3/

“WebSocket maufl 1 : WebSocket fgagls NMssudstoyanuy Real Time siae PHP” wiiisliann

https://www thaicreate.com/php/php-websockets-real-time.html

o

(Fundu

Q2 Q)

uVBYA 5 WeAINBU 2562)

“API fipagls” Whdslsann -

https://www.mindphp.com/%E0%B8%84%E 0%B8%BI%E0%BI%88%E0%B8%A1%E0%BE%BT
%EQ%B8%AD/73-
°oEOO088%84%EO%88%B7%EO%B80oADOoEO%B8%AD%EO%B8%BO%EO%B9%84%EO%B8%A3/

2038-api-
9%E0%B8%84%E0%B8%B7%E0%B8%AD%E0%B8%AD%E0%B8%BO%EN%B%84%E0%B8%A3.

html

[y

(undu

e

UYBYA 5 WOFIN18U 2562)
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“API foazls” |Wnfisléann : https:/saixii.com/what-is-api/

(Fuidududeya 5 waadnieu 2562)

SUNMNHERSTUI Converter RS485 to Ethernet/TCP/IP 1fisldann -
https://www.amazon.com/Serial-Ethernet-Converter-Webpage-
Supported/dp/BO7TGB737KN/ref=pd cp 23 2/143-9914568-

88055557 _encoding=UTF8&pd rd i=BO7TGB737KN&pd rd r=c62289a1-8d78-44fb-bed7-
df5c92a5a1b88&pd_rd w=0VlaM&pd rd we=bfB1T&pf rd p=0e5324e1-c848-4872-bbd5-

5be6baedf80e&pf rd r=WBPKE74RHOGTCABXXCOZ&psc=1&refRID=WBPKE74RHOGTCABXXCQ
7t

U 2

Fuiidududoua : 31 nanaA 2562)

U 9

oya Data Rate Tuurag35nsdeans wWhildldann : https//www.researcheate.net/sUfi/CPS-

Communication-Protocols-Main-Characteristics-Data-Rate-Transmission-

Range_tbll 324652989

U L

(Tuiidududeva : 31 aanaw 2562)

Y 9

foyaues Data Rate fhensliisdearsiuy NB-oT iiisldann -
https://sithub.com/trueiot/True-NB-loT-Board

>3 o

Fuiidurudova : 31 nann 2562)

U 9

Toyaranaiuneaas-lng 910 suiAmswisUsemalve UssdrTuil 11 wge@nieu wa.2562 Wil

lean https://www.bot.or.th/thai/ layouts/application/exchangerate/exchangerate.aspx

Toyannimlsarsaavssyaw 1Wfidldann : https//www.thebangkokinsight.com/182035/

% 2

Fuiidududoua : 16 SunAu 2562)
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