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Abstract

This research proposes an implementation of a smart management platform
for solar street lighting (SSL) network based-on a TCP/IP technology and LabVIEW
program, where the system includes a server, multiple SSL devices acting as clients
and a communication protocol. The LabVIEW algorithms and programs will be
configured as central server for this proposed platform, where it is able to control,
monitor, and analyze data. The data then can be displayed, recorded and further
used in a report-generating mode. There are lists of difficulties along the line of
managing multiple SSL devices, for instances, real-time and continuous operations,
sequencing problems, success rates of data transfer, long-distance issues and many
more. The TCP/IP protocol will be used to identify each device entity in any
particular network. Any wireless internet network will be used as a median for two-
way communications between each of the SSL device and a central server platform.
The conceptual designs, algorithms, the platform demonstrations, the verification
process and conclusions will be elaborated in this thesis. The proposed platform
demonstration and verification were done using three microcontroller boards acting
as SSL clients, a personal computer acting as a server and TCP/IP acting as

communication protocol.
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- nszualdn (Current)
- maalwda (Power)
- WA ulww (Energy)
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wisilinesaesriausnie wseiuliiuaznssualniih uililulasreulnsamesiAvians
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- wuavlofiessleatous (IP Address)

- WARUUUS (Geolocation: Latitude, Longitude)

- Yuil weztimitdedaya (Date, Time)

- nsUTEndRwa I (Energy Saving)

- nsUsevdasunu (Cost Saving)

- Asaamsiia CO, (CO, Reduction)

- dnuzvsslouundInuaefing (Lighting Status: On/Off)
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nuANY

a ¢al v
WIULMBDINABINTG

tayalaaiaudlnnuu

IP Address

Geolocation (Latitude, Longitude)

Date, Time

Lighting Status (On/Off)

Total Savings

Energy Saving (kwh)

- Cost Saving (THB)

CO, Reduced (kg.CO,)
Lighting Status (On/Off)

- Voltage (V) - Power (kW)
PV Cell
Current (A) - Energy (kWh)
Voltage (V) - Charged Energy (kwh)
Battery Current (A) - Discharged Energy (kWh)
Power (kW)
Voltage (V) - THD, (%)
Current (A), Power (kW) - THD; (%)
Inverter
Frequency (Hz) - Energy (kWh)
- Power Factor (P.F.)
Voltage (V) - THD, (%)
Current (A), Power (kW) - THD; (%)
Grid
Frequency (Hz) - Energy (kWh)
Power Factor (P.F.)
Power (kW)
Load

Energy (kWh)
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3.2.2 MsoankUULNaaaiu@sniies

dwvfuniseanuuuunannasudivieialdiulusunsy LabvIEW welvsasiu

doyavasusiarinnuundsnuuaseinduieusdarleaousdadruivsisiuasiiung Tunis
d ! Qs v o L v o ﬂl 1] fd‘ o L3

ganuuun1sweuderulpaeudldialii U teselaaouinsUldasanAe 4096 1o

# wareanwuulnuslvaanisvirawdu 2 dw fe dusealv wavdrusanlad sawanslu

o

SUT 3.5 wariinwanendsil

TudruBealmiasuwdsdosseniiudumunuuazdiugua dumuesiilinelvgld
awsodanseuanlaatoudsieg WadEM0nes Feazusenoudenisdaleu waznis
uaumsdatiavesiouy msianguleubumielifldruannsoszyuazamualdazan
Tu ndwovleaeudiimaduniifes Sanisitasild dauguaseiiviriilunissudeya
Gralniflleaeuidadiun Tieseiuesdnnsdeyamaduioliannsouaninanisiines
uamsanuznuusariy uaztufindeyaadreroiiosls msduiindeyatuaduiindily
sUuuUs1eiu s1edieu uavs el Inantuiinlfenilulde ludiueeslad

drusewladiuiliGendoyannlddlidudinly a seuilvieweylulnun
Bualngl ileurdoyanisiimesiduioalndlévinstuiinl fwd duadieszsiuay
wanwadnasilumends Wesnnduavulndivuiinlfzidoyadusuunnuariizuuuy
awzgaslidana csv ilinisaruvieidayaainvdfuatuanldamssiuliazenin
Faldesnuurlviimsianlulnnsenlay usnandfsamnsesdenatsaguradulng
lenansana pdf tienuarmnluniseudeyadedu dmiunmsadaonarsagunatuld
sanuuuliianusaidennisasnldauwuude whasagusiedu wnansaguoifieu vie

wnasagused

Server Design

Real-Time (RT) P Offline
Controlling Monitoring From RT saved file
- Zoning - Parameter receive i | -Parameter display
- On/Off - Parameter display i | - Report generation
- On/off status display :
- Data logging

d = & &
FUN 3.5 MNSWNIT0DNLUUITINLIBS
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3.2.3 Tslamoansdesns

lUslnAaani1s&0a13 (Communication Protocol) AB@Inanavsed@ananai iy by
msdeasserinalaauduari@snines dusussuuiarltaulusinnea TCP/IP wazldanu

1 < i ¥ Q L7 2 - ] [7 5 9 [ ] ] al"al
HusruueIateliane dmsumisldanueieveliaetusesuuilienadunsodenioy
v v o Vo 2 a & 1 v = ), v
waseaunsnas e lviianisidaususzuulneesefdauld tneauidedas i

& Ao 1w
\PIoUneTiilegna
s a = 4 i %) ' [ s )
lpapusuazi@svesivonuuuazitoudosgiuniotnalsauduniu uwazimun
v 4 ' o o o TR
Tgaunisdeanstlusinaea TCP/IP 91 port 2000 Tunsieusiedoans wingunsailalale
d' 1 1 1 -:J o dy (] v t:lu 1 s =l 1 L 2/
Wousar i uualay e satuteyasu-diiunslunsatiedle
o Y a8 I a e dg v i s A v o W
Tunsoansuusndusssosidillisyusazeunsal elilinisdeasindes

< = as u 3 L4 o v o n‘: o« a8 5
wiaiinanudvay seduszldnngenloflunissuungdnsal Feislpaoudiazi@sniigs

]
= [

wdastinsimuavingiavlefaiasldineldlumsimungamnelatemevestoyaiava
wiadu dwsulenvesdinneivedmunlin 192.168.1.101 uaslenuaslaaiousva 3 13aq

[

Favldluadted svualsi 192.168.1.140-142

o ar s o
3.2.4 N1793NLUVAIAUTUADUNIININU

2
o

ﬂl & dy kel =) 1 § a6 3 4‘ = o
Wwesnnuwaaesudazlyndetisuvulraeudi@snies Fatlafutumnaulunig

o & v P
panuuuMIhurslLnanwesilowanslilugun 3.6

SSL Fixture TCP/IP Real-Time Offline
} l IP Check | ‘ File Select |
Data Measure i
R_7 N
i i
SNSRAATIR L
-
Data Transfer '
‘ Wireless | ]
| Record
% Network | ecor J Report

Platform Client

Communication
Protocol

2
a  ar

d o
3UN 3.6 a9

Platform Server
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Twadeanseaniuuduindagy 11y

Tuuniazesunedmdnmsuasdunausneg Fldluniseenuuvunannesylaaious
Taonsldlulasroulnsameslunisussuiana warn1seanuuuunanasui@swinasdmsu
svuulwnuunErnuuasefingselusunsy LabVIEW Ssezudafiumdesaniiudsd

4.1 mseonuuvunanwesulaalou

4.2 MIPRNLUULWANNDIIEIWIIDS

4.2.1 msdvuldavienisifvuudenlnovunsy
4.2.1.1 ansealn
4.2.1.2 aueanlay

4.2.2 -mseeniuudiuansenldau (User Interface)
4.2.2.1 wihwnanssusulusensy
4.2.2.2 wihaseuEsalnl

4.2.2.3 wuwsdueanley

4.1 nseenwuulaanudlayldlulasraulvnsaaasiunisussunana

E%’W"i’uu,wamwaéu'lﬂmauﬁﬁ%‘iﬁqﬂﬂ'mﬂ.zﬂﬂiﬂauimamaﬂumiahaawm'ﬁa;&a
wsinesresszuuiouumd s uaefingdslinanidluunneumi walduesn wiFi
TumsiBensieruieSet ol fmoisldnumsisansiiulystasea TCP/IP

Tunisdraesgadeyanazdiludanionns yadeyaiidioanazusenausie 36
wisfimesiildnannfdlumed 3.1 InpasdoyamisafimesimmaunFosdduuazdioon
wioufuilunisyateya duaveglusudeyauuu text viadieyauuu string

uenaniazshnsimualiyaleaoud Suideyamefidnys ss mudoyaves
Toyafiuunusazvisimesmenismutegania () wazlavineme ;; ouansiiauyn
foyoud auvniiresldiiiuuassiaduielidinnesieanuuudelusunsy LabviEw
ausaIIATITRLATIENTBYALAaE NS Tmasaanandula

winfiwesluuiazyateyaiiazlilaaeuddtassazutsoonidu 7 vinamivan laun
Client Info., Total Savings, PV Cell, Battery, Inverter, Grid Wa¢ Load TAUAINITOLANS
dnvnzvaagateyasiuiisiedvesteyasieiazldlaaoudustinanauazyinisdedoya

panle sadl
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o v - ¢ |
A1919N 4.1 m@ﬁ&awqiqulmaﬁm'“]ﬂ'n

- IP Address =192.168.1.140
Client Info. - Latitude, Longitude = 13729724, 100.776917
- Date, Time = 3/10/2017, 12:38:10
- Energy Saving = 7500 kwWh - CO; Reduced =42.00 kg.CO;,
Total Savings o
- Cost Saving = 300.00 THB - Lighting Status =0
- Voltage = 355 v - Power =2414 kW
PV Cell
- Current = 6.8 A - Energy =100.00 kwh
- Voltage = 12:2 % - Charged Energy =-8500 kwh
Battery - Current =39 A - Discharged Energy = 80.00 kWh
- Power =474 kW
- Voltage = 22600 V - Power Factor =0.97
- Current =0.25 A - THO, = 171 %
Inverter
- Power E 5603 kW - THD, 3,12.70 %
- Frequency =4940  Hz - Energy =75.00 kWh
- Voltage = 0.00 V - Power Factor =0.00
- Current =.0.00 A - THD, =0.00 %
Grid
- Pawer =0.00 kW -~ THD, =0.00 %
- Frequency = 0.00 Hz - Energy =0.00 kwWh
- Power = 56.73 kW
Load
- Energy =.75.00 kWh

nsdesdduvesyatoya ssiidnunsiil

sslP Address, Latitude, Longitude, Date (DD/MM/YYYY), Time (hh:mm:ss), Energy
Saving (kWh), Cost Saving (THB), CO2 Reduced (kg.COZ2), Lighting Status (On/Off), PV Cell
[Voltage (V), Current (A), Power (kW), Enerey (kWh)], Battery [Voltage (V), Current (A), Power
(kW), Chareed Energy (kWh), Discharged Energy (kWh)], Inverter [Voltace (V), Current (A),
Power (kW), Frequency (Hz), Power Factor (P.F.), THDv (%), THDi (%), Energy (kWh)], Grid
[Voltage (V), Current (A), Power (kW), Frequency (Hz), Power Factor (P.F.), THDv (%). THDi
(%), Energy (kWh)], Load [Power (kW), Energy (kWh)];;

Fntievasyadayatie aiidnway il

$5192.168.1.140,13.729724,100.776917,3/10/2017,12:38:10,75.00,300.00,42.00,
0,35.5,6.8,241.4,100.00,12.2,3.9,47.4,-85.00,80.00,226.00,0.25,56.73,49.40,0.97,
1.71,12.70,75.00,0.00,0.00, 0.00,0.00,0.00,0.00,0.00,0.00,56.73,75.00;;
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dsanlufuriatnels daasihlUltlunssuiunsneasuluundal

Uil 4.1 lulesraulvsaaesiléfulunasians
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4.2 N1IDINLUULDININET

dmduunannasuiarldlusunsy LabvIEW luniseenuuuidsnineidmiuldeuly
sruvlouundsunaeing wasiileannTusunsy LabviEw Suifulusunsudiannse
panwuUmieTUsunsy warldndndalalulusunsudeoatu sduluniseenuuuazuys
sanu 2 dundn fe nsiduuvdenlaesunsuvienisdoulinds wazniseanuuuay

Ansagltaunianiseanuuuntimlusunsy

4.2.1 msWsuvdsnlaazunsy

o -3 & o [ o v a =1
n1sWeuvannlnesnnsufens@oulaanisyinaulviudsnnesselulusunsy
LabVIEW tinnwfildlunis@suaziuniwins fin e nwn G wagnisiiewudanliaarinsy
a VvV acr « o [ o v - v - v o an
welm@swinesarursavhaulasmunneinisdalananiiunwsInumiwaIue 9L5891nnNs
wuInsleulannisyinsussnibudesdiunanamulruanisviinuddann dusealnl uay
arunanlad

L4

4.2.1.1 dnusSevalny

TuduBSsalniidussulunisilvuvdenlinezunsulagazisuainnisileu

TAaa AP UMY Beaunsanusawutusaulunisifousandy 4 Tuneu fail

P,

n. mMsiaunra TCP/P

v. NMsrsIvEUNIILaYlaN

f. nsdetoya 1. mIsudaya
G - MwRvantstays
- Msdanuleu ) *
s - MauanINataya
- msdaddanaunu SRR
= ﬁ'TiU'i.l'ﬂﬂ'iJﬂiita

o
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3‘[.]?1 4.2 avudumsunisilsuvdenleerunsugiuisealvl
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n. mudeusio TCP/IP
Suannsdsuldannsadeudefuiaiesiediuluslnroanisdeans
TCP/P dwiulusunsa Labview duasudendiaguvasmsainaiadinnesuarlnaeudi
deansru TCP/IP dsanunsoniudion TCP @iMnefuuseynaliaulsiusgrad
lufumeunisifouvdonlaozunsuvenisifeuseindotiesinu TCP/IP 1y
fudsrneifoonuuuazgnutseeniiy 4 fursunisienliun funsuEuiu (nitialize)

v [

JURDURTIVABUANIUE (Status Check) TumduTuToYa (Receiving) LardunoUNYANTS

YN (Stop)
H a v o & o A as & [ )
Tudusauisusuwsnantusunisnimun Port Ni@inesetltinesesu

nsWeurawrietieniu port ditevinisdearsiulaaeud dudunisimuateinisinde
v a ° oo A g e % VoA v al
Lildiiansvinuidvauninluedotieiildnuegiinisldauegibunie wazn1sdeu

v o W -
vdenlnazunsuagldruuiendiiaguiandlugun 4.3

o & a v o,
JU% 4.3 Yumeauiiunu (Initialize)

HRLNApYUABUATIvERUAN U WaNsavRa AR UM Ul Ve LuillAaLDUA
a o ' ' w A < 'y Y ¢ il a v
Tavranvihnsiteusadnunlupatieuay port WenduRnEsWiIeiilaTeny @wisaloulan
p v

L as A
Tuvdenlaezunsulsnizui 4.4

M| Faise 't
T l'_lIErrcr 't
Stop
iy »

timecut ms

?

o L
JUN 4.4 AumpunsvdauaniIue (Status Check)
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9. A1IRTIvdeunIIeiaYlaw
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yuzimssuteyadundeyamarumnanduneviovaneay 1P la
) d‘lﬂ L2 = vV a o A 1
nseanuuvludiuiifindnnisie THFsWesvin1smsdeunIs@ioune
warMISutoyanInraelat IP lunaeniial mniuniamimuawigliideyaain
a a o 4 |t o a v & v oo a a o
wuneae IP 1Aseziadn IP dunganisleuse dalaiiidvualiidessiufie 20 Jund e
mmazmniamL%ﬁ'[unﬁmaammﬂﬁaamﬂé'aaﬁuﬁls’{aaﬂLLUU’LﬁlﬂaLauﬁﬁﬂam%’agauasda
dayaoanyn® 10 Ui dsiulusngfiinsdadeyaduni@invneivuananear 1P 1uag
= & w a W = i W Y W = d' i
59M539@UINATY InNMeaY 1P wudinsdinisdsdayadiuuansindiaiinisiense
Auigsvieseguarazuansiangiay 1P Wnssly uimnariily 20 Juiudsldfiveyawdn
< 1 L2 5 I 1 1 1 d 1
wsziiodleapuiiuvrganisi@ousotazazlivaninuieay IP Tugasuaninisifiouss
viienlaozunsudwiunismsivdouaniug IP uaaenazuii 4.7 Faazuszneuluienisidieu

fduan 20 Juriludumnsgne waznisdveneae P luuansludiuniewn

| 5.
2 - . Status

i _EEa = ) E} @ e e

o @ i R g

i — 2> S ety "‘“s-"nsgc

b e - v Ho I st AmRaY N

me o JQ B = A1) W L ) .Fon?ected P

m Client connected ""1@ .,

JU# 4.7 NM5R5I9a0UMNEEY 1P

A. NM3aitaya
madeuldntudiuidiiiodsidieanluniuaunslio-Unlwauu Sasioens
Wawnsomugunsita-Unlaaoudlvnuuldassazannnimils Fedoadinisuvangulviv

Iaatpudlouuwaniidmiunsaupunisite-Un dallseazidualumsideuldndd

® prvinlUdlou
P o A v oas « ' o o o ]
Taazisuannnistimusdsanizlviuleaeudusazlofneliazainse
dldalusnunisandwazaivay laeazdnanuluiuleaousfideusediunieemudiu

e/

waloWandouluunn wari ruATBRNILAIENUIELAUSUAILARLIELEY 1-6096 ANSIGU

b

i 1 tY L] o o v ' a’: L s g o o
dwlunsuuslsu dlddendwiulsuidosmsuvsoan antuliid@sviaesvhnsimunte

lgurendyrusnwsingy A-Z muinuauley



29

ndusenuuuligldidenlsuliiulnaeudutasdiu uazidsnneioy
wanawan1sivunleulituleaeudurassiedelsunuiedfvemineiay szuanina
WumsadeliAseudaay

gLty

flaatouddiuiu 5P Woudeagiui@iviaes laun nuisias
192.168.1.131, nuewat 192.168.1.132, iueay 192.168.1.133, vuleay 192.168.1.134
LATMINELAY 192.168.1.135 antuaviilaaioudivaruusnguoonidu 2 Teu 1un Toy
A uazlou B loelvinuneiay 192.168.1.131 uasvuneiaw 192.168.1.133 agluleu A dau
MaBLaY 192.168.1.132, wuneiay 192.168.1.134 uazvaneway 192.168.1.135 sgluleu B

frduiiledmualsunazmnsavlifulaseusien aw1fdu A1, B2, A3,

B4 war BS muainy

Zoned S50

Clear i
- - New Name 1
M Bacoydt® 2F 2pRiss ] |
Comnected P QU Selected P \ Y - |
i B | Db = = - i
‘[ . ]E Sl s S A J Zoned
1P Ns d = 2R R )
Total Zone - b
Te Zane H
i L |
£ Wi <P
. 7 Yesae
! gt e T o == )
| % > = 1 [P Tissbled and Grayed Out <]-—H0isbies|
A
0 p

e ld

- 31 %
JUN 4.8 nsdauusleu

® nIsFeAIRIUAL

msdaidslumunumada-Talwouutiuazdadunsruauniandn-Und
aznilslaatous vialunuunilsiy wazn1snuaunisiln-Uafiazleu Fdulunisdeulée
vndhuiwedlitoyafetfudureudauuleu

dmsuddsilddsluse unisdamneian IP 3 davie Tldnisdaunoiaed
Wndriuiitelviaznnseglifliesureluiniu Wessndesdsdoyaludiudndulugs
leaioud elilaaoudansasuunldinduidwoslaaous 1P Tuq 9ntuszmude
i3aanegania () wazddada-Un dullaazds ON uazdrlnavds OFF dwdunisaaniu
Tou sewinerdivesudias 1P azdudsiadosmneganiaiuiu

PRIRRAI

flaateuddiuiu 5P Weusdengiuidsnines liud vuteiae
192.168.1.131, vuewav 192.168.1.132, ueLay 192.168.1.133, nunelay 192.168.1.134



30
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CAUsers\Administrator\Desktop\New Project\Recorded\Project_2018
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.~ Backup_Project_2018
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—— Server status
Project Hame Port
Project 2000
Save every (sec) 10
— Client ction status

1921631 140 Chent connected  »
1321681 141 Chent connected
132.164.1 142 Chent connected
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d ! 3 «
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Q% Hercules SETUP utility by HW-group.com =
UDPSetup | Sedial  TCP Chient | TCP Sewver | UDP | Test Mode | About |
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Connecting tc 8z .168.1.17 Ver
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5.16 wazsagvalwantuiinluana .csv Walladielusunsu Notepad uazlusunsy

Microsoft Excel wanasfaguiil 5.17 uax 5.18 pudsy

ChUsers\Administrator.Desktop'New Project\Recorded"Project_2018"Daily_Project_2018
»~_ Project_2018.01.03 !

.~ Project_2018.01.04 5% Fil

.~ Project_2018.01.05 _5y File
~  Project_2018.01.06 S File

Project 2017.10.03 - Notepad
[Fite Edit Format view Help

d s ' o v a
3UH 5.16 Mpgnsenisindvuiindeyasieiu

192 168 1 14113 729724100 776917 .3/10/2017 1256 10, 7500 30000 42000342732497 10000124 41512 8500 -
80 00,226 50,0 27,60 48,50 40,0952 331102 7500 000000 000000000000000 0006048 7500
192 168 1 142 13 729389100 774452.3/10/2017.12.56:20. 7500 30000, 42000371692560 10000119 4 1486, -8500

| 8000,22510,0 2659 654990,096,1.12,14 61, 7500, 000,000 000,000000000000 0005965 7500

1192 168 1 141 13 729724 100 776917.3/10/2017 12 56 20, 7500, 30000, 420003056 72043 10000126 38475, -8500,

| 8000,22540,0276018,4990,0952581231, 7500 000,000 000,000000000000. 0006018 7500,
192 168 1142 13 729380 100 774452 3/10/2017.12 56 30, 75 00, 300 00. 42 00.0.34 57 1,2449, 10000137 3547 7. -85.00

| 80.00,225 60,0 27 60 69.49 40.0.97.1.79.11 41, 7500, 0.00.0 00, 0 00,000,000.0.00,0 00, 0006069 7500,
192 168 1 141 13 729724 100.776917,3/10/2017 1256 30 7500, 300 00, 4200034 5722484 10000 129 37476, -8500
8000,227 20,0 2557 94 50 00,0952 00,1336, 7500 0000.00 000,000.000.000,000 0005794 7500,
192 168 1142 13 729388 100 774452 310120171256 40, 7500, 30000 42000311.712208 1000013 1,35463, -8500
800022570026591350500972231124 7500 000000 000000000000000, 0005913, 7500 f
192 168 1.141.13 728724 100 776917 3/10/2017.12.56 40, 75.00, 30000, 4200.0,34 7.7 52603, 100.00,130.39.50.2, -85.00
800022780028635650300971921125 7500 000000 000000000000000 0006356 7500
192 168 1 142 13 729388 100 774452 3'10/2017,12 56 50, 7500 30000, 42000311722239 10000136 38518, -8500

8000227 10,0 2557 2349.60.095159.1450. 7500 000000 000000000000000 0005723, 7500
192 168 1 141,13 729724 100 776917 311020171256 50, 7500 30000 42000315752363 10000129 36463 8500

800022/750028627949300951961462 7500 000.000. 000000000000000 0006279 7500
192 168 1 142 13 729389.100 774452 3/10:2017,12.57 00 7500 30000, 42000.376,68.255.7 10000141, 36506, 8500
800022600028632849200972801422 7500 000000 000000000000000 0006328 7500
192 168 1 141 13 729724 100 776917 3102017125700 7500 30000 42000329672204 10000.119.40474 -8500
8000227 5002557 10,5060096 2651079 7500 000000 000000000000000 0005710 7500
192 168 1 142.13 729389 100 774452 3102017125710 7500 30000 42000313 732285 10000123 40487 -8500
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L M
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100 7%
107%8 1

1907881
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100,75 310
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w1518 aslunuIn Total Savings, PV Cell, Battery, Inverter, Grid Way Load way

wlwesiazyinstuinueduwrasmiavyazuandlun1sem 5.1

o P ¢ v v W v = =, v -
A13719N 5.1 ‘W'ﬁ'll]lmaimﬂun’liUUVlﬂﬁ"]‘lﬂ?U'Uﬂi‘.llﬁLLUUsqﬂ'Ju s1emau 18U ﬂLa’d'fJBiJﬂﬂU

NUIANY wisiiwe fiuiin

- IP Address
% - Geolocation (Latitude, Longitude)
doyalaataudlnnuu
- Date, Time
- Lighting Status (On/Off)
- Energy Saving (kWh) - CO, Reduced (kg.CO,)
Total Savings

= Cost Saving (THB) - Lighting Status (On/Off)
- Voltage (V) - Power (kW)

PV Cell
- Current (A) - Energy (kWh)
- Voltage (V) - Charged Energy (kWh)

Battery - Current (A) - Discharged Energy (kWh)
- Power (kW)
- Voltage (V) - THD, (%)
- Current (A), Power (kW) - THD; (%)

Inverter
- Frequency (Hz) - Energy (kWh)
- Power Factor (P.F.)
- Voltage (V) - THD, (%)
- Current (A), Power (kW) - THD; (%)

Grid
- Frequency (Hz) - Energy (kwh)
- Power Factor (P.F.)
- Power (kW)
Load

- Energy (kWh)
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wsdwosililumstufindmiudeyanuuns iy szanunsouseaniy
6 vaany laun wisidimeslunuan Total Savings, PV Cell, Battery, Inverter, Grid uay
Load wagmsiilmesiiosyinistiufinvesusiasmnavyjazuandlussed 5.2
dosmnwriimesferlduansdeyansiviiudunissudoyanisiiiees
gaaynlelunsszwisfimesidvnedu Janaeduwnniveiinuvemnled welduans
aaunslindany u varduresssuulnouy dafuwisiivesfasiunduiindeyansv
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v Y o fag v v a o
Jududeyanuaryaiunisfiwesnldvuiindeyaseiu sudou 5187 wazdeyadud

1 = v £
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A1919N 5.2 W’l‘imLﬁlaim‘!‘i‘lum‘iuuwﬂﬂ’lWiU‘UE);&ﬁLLUUﬂ‘i’lw

NUIANY wislime fudin
- Total Energy Saving (kWh)
Total Savings - Total Cost Saving (THB)
- Total CO, Reduced (kg.CO,)
- Power (kW)
PV Cell
- Energy (kWh)
- Power (kW)
Battery - Charged Energy (kwWh)
- Discharged Energy (kWh)
- Power (kW)
Inverter
- Energy (kwWh)
- Power (kW)
Grid
- Energy (kwh)
- Power (kW)
Load
- Energy (kwh)

segramaideyalulidnstuiindoyauvusis unuaninaluzunisis
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A137499N 5.3 maemmwum*uayjammn'l‘maaaulﬂal.aumwaz 11P

[Energy Cost CO, Lighting PV Cell Battery Inverter Grid Load
P Address Latitude Longitude Date  Time Saving Saving Reduced Status | Vpc  Ipe P Energy|l V I P: Energy Voe e P Freqg. THD, THD, Energy [Vpc loc P Freq. THD,THD, Energy| P  Energy
On (1) Charge Discharge P.F. P.F.
(kWh) (THB) (kg.CO,) V) (A W) (kwh) | (V) (A) (W) V) (A W) (Hz) (%) (%) (kwh) [(V) (A) (W) (Hz) (%) (%) (kWh) | (W) (kwh)
©) (kwh) ~ (kWh)
192.168.1 141 1372972 1007769 3/10/201714:00:00] 75 300 a2 0 36, 7 252.__100 |13.1 .3.6..476 -85 80 2271 025 5768 496 097 179 1124 75 o000 0 0 0 O 0 5768 75.00;
1521681141 1372972 100.7769 3/10/201714.00:10{ 75 300 az 0 302 69 2084100 | 124 3.7 462 -85 80 12279 027 6085 491 095 277 1473 5 o0 0 0 0 0 0 0 6085 75.00;
192.168.1.141 13.72972 100.7769 3/10/201714:00:20f 75 300 az 0 359 69.2477° 100 131 3B 502 -85 80 12273 0.25.57.05 50.2 096 141 1186 75 000 0 0 0 0 0 5705 7500;
192.168.1.141 13.72972 100.7769 3/10/201714:.00:30y 75 300 az 0 318 66 2099 100 [13B 35 478 . -85 80 227 0.26 5811 508 096 254 1486 75 000 0 0 O 0 0 5811 75.00;
192168 1.141 13.72972 100.7769 3/10/201714:00:40 75 300 42 0 365 67 2845 100 13 38 489 -85 80 2263 0.27 6178 495 09 27 1175 75 000 0 0 O 0 0 61.78 7500;
192.168.1.141 13.72972 100.7769 3/10/201714:00:50( 75 300 42 0 379 1.3 2767 100 121 4 486 @ -85 80 [227.4 0.25 57.76 50.5 096 145 1097 75 o0 0 0 0 O 0 0 57.76 75.00;
192.168.1 141 13.72972 100.7769 3/10/201714:01:00] 75 300 42 0 348 12 2506 100 [145 33 419 -85 80 [227.9.0.25.5789 49.7. 096 123 1309 75 000 0 0 O 0 0 57.89 715.00;
192168.1.141 13.72972 100.7769 3/10/201714:01:10] 75 300 42 0 325 74 2405 100 [121 41 498 -85 80 2273 0.26 591 50 095 187 1022 75 000 0 0 0 0 0 591  T75.00;
192168 1.141 1372972 100.7769 3/10/201714:01:201 75 300 a2 0 353 75 2648 100 |126 41 513 -85 80 2268 0.26 58.06 498 095 101 1027 75 o0 0 0 0 0 o] 0 5806 15.00;
192.168.1.141 13.72972 100.7769 3/10/201714:01:30| 75 300 42 0 35:6 (7.5 _/252-"1005.13.2,, /30 Nag -85 80 226 7-0.26.5804 50 095 177 105 75 o0 0 0 0 O 0 0 58.04 15.00,
192.168.1.141 13.72972 100.7769 3/10/201714:01:40 75 300 42 0 34969 2408 100 |139 37 519 -85 80 2277 0.27 6193 491 096 207 1133 75 o000 0 0 0O 0 0 6193 75.00,
192 168.1.141 13.72972 100.7769 3/10/201714.01:50 75 300 42 0 344 71 2942 100 [127 39 501 -85 8O P259'0.26 5828 493 097 166 1258 75 o0 0 0 0 0 0 0 5828 75.00;
192.168.1.141 13.72972 100.7769 3/10/201714:02:00| 75 300 42 0 304 7 2128 100 (141 34 478 -85 80 b25 5027 6066 49.7 096 134 1163 75 000 0 0 O 0 o] 60.66 75.00;
192.168.1.141 13.72912 100.7769 3/10/201714.02:10] 75 300 az 0 375 12 270 0 100 [125 37 462 -85 BO 12262 0.26 5994 509 096 255 1384 75 000 0 0 0 0 0 59.94 7500,
192.168.1.141 13.72972 100.7769 3/10/201714:02:20] 75 300 42 0 356 Be 2599 §00%N 138 33 Gileegs BO [226.7 0.28 6348 49.2 096 167 1298 75 000 0 0 0 0 o] 63.48 75.00;
192.168.1.141 13.72972 100.7769 3/10/201714:02:30 75 300 42 0 372 74 2753 100 |138 37 505 -85 80 226 0.26 59.2) 508 097 158 1398 75 o0 0 0 0 O 0 0 59.21 75.00;
192.168.1.141 1372972 100.7769 3/10/201714:02:40] 75 300 42 0 |38 66 2508 100 [117 43, 509 -85 B0 12274 0.28 6344 50.1 096 215 1072 75 00 o0 o 0 0 0 0 63.44  75.00,
192.168.1.141 13.72972 100.7769 3/10/201714:02:50{ 75 300 az 0 34.7.69.2394 100, | 139 34 478 -85 80 12259 0.27 619 508 097 231 1029 75 oco0oo0o o o0 0 0 0 619 7500,
152.168.1.141 13.72972 100.7769 3/10/201714:03:00f 75 300 a2 0 317 69 2187, 100 |125 38 475 -85 80 2275025 58.01 506 097 207 14.18 75 c o0 o0 0 0 0 0 0 5801 75.00;
192.168.1.141 13.72972 100.7769 3/10/201714:03:10{ 75 300 42 0 38 73 2774 100 [143 3.6 522 -85 80 2273 0.26 60.23 496 096 3 1407 75 000 0 0 0O O 0 60.23  75.00,
192.168.1.141 13.72972 100.7769 3/10/201714:03:20f 75 300 42 0 316 68 2149 100 [125 4 50 -85 80 2277 0.25 5738 49.2 096 169 148 75 000 0 0 0 O 0 5738 7500
192.168.1.141 13.72972 100.7769 3/10/201714:03:30| 75 300 42 0 313 66 2066 100 |122 38 462 -85 80 12279 0.27 6222 495 09 3 126 75 000 0 0 O 0 0 6222 T75.00;
()}
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[Energy Cost CO, Lighting PV Cell Battery Inverter Grid Load
P Address Latitude Longitude Date  Time Saving Saving Reduced Status | Ve I P Energy| V.  lpe P Eneréy Voc Ibc P Freq. THD, THD, Energy [Vpclpc P Freq. THD, THD, Energy| P Energy
On (1) Charge Discharge P.F. P.F.
(kwh) (THB) (kg.CO,) v AW W) (kwh)| (V) (A) ™V (A W) (Hz) (%) (%) (kWh) |(V) (A) (W) (Hz) (%) (%) (kwh) | (W) (kwh)
Off (0) (kwh)  (kwh)

192.168.1.140 1372919 100.7756 3/10/201713:00:00{ 75 300 42 0 329 66 2171100 [13.4,39.517 /-85 80 226.50.28 6251 50.1 0% 25 14.12 75 0 o 0 0 6251 75.00;
192.168.1.141 1372972 100.7769 3/10/201713:00:00{ 75 300 a2 0 304 74225 100 | 119 41 486 -85 80 2271 0:25°57.23 496 097 247 1155 TS 00 0 0 0 0 0 0 57.23 75.00;
192.168.1.140 13.72919 100.7756 3/10/201713:00:10, 75 300 42 0 365 732665 100 |142 34 478 ' -85 B0 2268 0.25 56.93 507 095 254 1225 75 00 0 0 0 O 0 0 56.93 75.00;
1921681.141 1372972 100.7769 3/10/201713:00:10| 75 300 42 0 317 74 2346 100 |125 39 488 -85 BO 2254 0.28 62.66 49.1 096 298 1271 75 000 0 0 O 0 0 62.66 T75.00,
192.168.1.140 13.72919 100.7756 3/10/201713:00:20{ 75 300 42 0 313 6.7 2097 100 14 33 464 -85 80 12279 Q.25 572 496 096 224 1466 75 000 O 0 O 0 Q 572 75.00;
192.168.1.141 13.72972 100.7769 3/10/201713:00:20{ 75 300 42 0 337 _g6.8 P 100 12 43 51 -85 80 1227.2.0.25 5771 504,095 109 1278 75 00 0 0 0 O 0 o] 57.71  75.00;
192.168 1.140 13.72919 100.7756 3/10/201713.00:30| 75 300 42 0 32 67 2144 100 | 136 36 491 -85 80 227 026 59.47 499 096 272 1267 75 000 0 0 O 0 0 59.47 75.00;
192.168.1.141 13.72%72 100.7769 3/10/201713:00:30( 75 300 42 0 321 7.5 2407 100 (144 34 493 -85 80 1227.3 0.25 5796 497 097 236 11.49 75 000 0 0 O 0 o] 57.96 75.00;
192.168.1.140 1372919 100.7756 3/10/201713.00:40| 75 300 42 0 378 66 24995 100 |121 42 5110 -85 80 226.3.0.28 6291 497 097 197 1325 75 000 O O O 0 0 6291 75.00,
152168.1.141 13.72972 100.7769 3/10/201713:00:40{ 75 300 42 0 352 712499 100 |138 34 464  -BS 80 226.7 0.26 58.04 502 095 131 1253 75 000 0 0 0O 0 o] 58.04 75.00;
192.168.1.140 1372919 100.7756 3/10/201713:00:50( 75 300 42 0 36.5° _L3.4266:5 | 100, [132 =39 -016 88 80 2274 10.27 614 496 097 1.7 1333 75 o0 0 0 0 0 0 0 614  75.00;
192.168.1.141 1372972 100.7769 3/10/201713:00:50 75 300 42 0 343 72001 100 13,36/ 463 -85 80 227.3 027 6092 493095 22 1016 75 o0 0 0 0 © 0 0 60.92 75.00;
192168.1.140 13.72919 1007756 3/10/201713:01:00 75 300 42 0 321 74 2375 100 137186 463 -85 80 2264027 609 506 097 168 1343 75 000 O 0 O (o} 0 60.9 7500,
152.168.1.141 13.72972 100.7769 3/10/201713:01.00] 75 300 q2 0 334 73 2438 100-(128 38 488 -85 80 2276:0.28 63.05 495 095 144 1351 75 000 0 0 O 0 0 63.05 75.00;
192.168.1.180 13.72919 100.7756 3/10/201713:01:10| 75 300 42 0 328 75 246 100 1126 -39 488 -85 80 [227.7.0.28 6376 497 085 248 14.12 75 00 0 0 0 O 0 63.76  75.00;
192.168.1.141 1372972 100.7769 3/10/201713:01:10[ 75 300 42 0 347 ‘69 23%4 100 [124 38 487 -85 B0 2255 0.27 5998 505 095 1.88 14.31 75 o0 o0 0 0 0 0 0 59.98 75.00;
192.168.1.140 13.72919 100.7756 3/10/201713.01:20[ 75 300 42 0 302 72 2174 . 100 |124 37 462 -85 80 2256 0.27 61.14 506 097 292 1372 75 00 0 0 0 0 0 0 61.14 75.00;
192.168.1.141 13.72972 100.7769 3/10/20171301.20[ 75 300 42 0 337 7.2 2826 100 [117 39 462 -85 80 226.5 0.25 57.53 493 097 282 123 75 o0 o0 0o 0 0 0 0 57.53 75.00;
192.168.1.140 13.72919 100.7756 3/10/201713.0130 75 300 42 0 331 66 2185 100 [127 39 501 | -85 80 2268 0.26 5942 493 097 293 14.18 75 000 0 0 O 0 0 59.42 75.00;
192.168.1.141 1372972 100.7769 3/10/201713:01-30 75 300 42 0 379 72 2729 100 (133 37 49 -85 80 225.6 0.27 6046 493 096 251 13.21 75 o000 0 0 O 0 0 60.46 75.00;
192.168.1.140 1372919 100.7756 3/10/201713:01:40{ 75 300 42 0 356 73 2599 100 [142 33 464 -85 B0 12269 0.28 63.08 503 095 249 1207 75 00 0 0 0 O 0 0 63.08 75.00;
192.168.1.141 1372972 100.7769 3/10/201713:01-40 75 300 42 0 302 74 2235 100 (116 41 4713 -85 80 12268 0.28 6237 504 095 222 14.13 75 00 0 0 0 0 0 6237 75.00;
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[Energy Cost  CO, Lighting PV Cel Battery Inverter Grid Load
P Address Latitude Longitude Date  Time Saving Saving Reduced Status | Vpc lpe P Energy| V' Ipc P Energy Voc e P Freq. THD, THD, Energy [Vpclpc P Freq. THD,THD, Energy| P Energy
On (1) Charge Discharge P.F. PF.
(kWh) (THB) (kg.CO,) v (A W) (kWh) | (V) (A) v (A W) (Hz) (%) (%) (kwh) |(V) (A) (W) (Hz) (%) (%) (kWh) | (W) (kWh)
Off (0) (kwh) -~ (kWh)

192 168 1.140 13.72919 100.7756 3/10/201712:30:00 75 300 42 0 316 73 2307 100 [141 33 464 -85 80 226028 631 501 097 196 1109 75 000 0 0 O 0 0 6317 75

192,168 1.141 1372972 100.7769 3/10/201712:30:00{ 75 300 a2 0 372 75279 100 | 118 42 497 -85 80 226 027 621 502 097 1.8 1242 75 OO0 0 0 0 0 0 0 6212 75

192.168.1.142 1372939 100.7745 3/10/201712:30:000 75 300 42 0 36 6.7.241.2° 100, 144 36 522 -85 80 227 02761 492 095 297 1322 75 o0 0 0 ©0 O o] 0 6109 75

192168.1.140 1372919 1007756 3/10/201712:30:10] 75 300 4z 0 344 73 2511 100 [11.B 39 7 462  -B5 80 226 0.26.596 499 097 108 1385 75 00 0 0 0 0 0 o] 596 4

192168.1.141 13.72972 100.7769 3/10/201712:30:10] 75 300 a2 0 373013 27230 100 4| 145 35 /5080 -BS 80 225 0.26 578 509 09 128 1065 75 000 0 0 O 0] 0 5785 75

192 1681.142 13.72939 100.7745 3/10/201712:30:10] 75 300 42 o] 322 69 2222 100 )123 4 487 -85 80 228 027 615 498 096 143 1323 75 000 0 0 0 0 0 615 75

192 168.1.140 13.72919 100.7756 3/10/201712:30:20| 75 300 42 0 36.2 74 2679 100 (129 37 476 -85 80 228 026 599 507 095 235 1211 75 000 O 0 0 0 0 5996 75

192.168.1.141 13.72972 100.7769 3/10/201712:30:20] 75 300 a2 0 362 I [Paphdelppui D0 12 41 486 -85 80 226 0.28 633 509 Q95 227 1363 75 0 o 0 0 0 0 0 6336 75

192.168.1.142 13.7293% 100.7745 3/10/201712:30:20] 75 300 a4z 0 319 66 2105 100 (141 35 492 -85 80 227 0.26 60.2 496 097 117 1239 75 000 0 0 0 o] o] 6026 75
192.168.1.14013.729193 100.7756 3/10/201712:30:30, 75 300 42 0 335752513 100 12537 (462. <85 80 269 0.27 6104 51 097 157 1137 75 00 0 0 0 0 0 0 61.04 75.00,
152168.1.141 13.72972 100.7769 3/10/201712:30:30| 75 300 42 0 365 6592519 100 (141 36 506 -BS 80 [226.6 0.26'5982 50 097 136 1441 75 o0 0 0 0 0 0 o] 59.82 15.00;
192 168.1.142 13.72939 1007745 3/10/201712:30:30 75 300 42 0 314 662072 100 (1174 473 -BS 80 2278 0.28 6333 50 095 151 1443 75 o0 0 0 0 0 0 0 63.33 1500,
192.168.1.14013.729193 100.7756 3/10/201712:30:40 75 300 42 0 31 66 2046 100 13..38 489 -85 80 [227 1.0.26 58.14 497 096 254 1173 75 o0 0 0 0O 0 0 0 5814 7500;
192168.1.141 13.72972 100.7769 3/10/201712:30:40 75 300 42 0 32 69 2208 100|126 37 463 -85 80 12267 0.26 58.49 499 097 132 1004 75 o0 0 0 0 0 0 o] 58.49 75.00;
192.168.1.142 13.72939 100.7745 3/10/201712:30:40( 75 300 42 0 37868 257 100 | 124 .38 475 -85 80 2263 0.26 58:39 50.5 097 275 1342 75 o0 0 0 0 O 0 o] 58.3% 15.00;
192.168.1.14013.729193 100.7756 3/10/201712:30:50[ 75 300 42 0 328 7T @336 100 W25 513~ 85 80 2256 0.27 60.01 504 096 163 1075 75 o0 o0 0 0 0 0 0 60.01 7500,
192 168.1.141 13.72919 100.7756 3/10/201712:30:50{ 75 300 a2 0 316 7. 2212 100 |137 37 505 -85 80 1225.8 0.27 6187 498 096 299 1334 75 c 0D o0 0 0 0 0 0 61.87 15.00,
192168.1.142 13.72919 100.7756 3/10/201712:30:50[ 75 300 42 0 374 72 2693 100 (129 4. 514 -85 80 12254028 6221 509 097 243 1337 75 000 0 0 O 0 0 62.21 75.00,
192.168.1.14013.729193 1007756 3/10/201712:31.00] 75 300 42 0 308 7 2156 100 124 38 475 -85 80 2258 0.28 6255 50 095 3 12.08 75 000 0 0 O 0 0 6255 15.00;
192.168.1.141 13.72919 1007756 3/10/201712:31:00( 75 300 42 0 355 7.3 2591 100 13 5l 6omn=B5 80 2272 0.28 6271 501 095 238 1495 75 000 0 O 0 0 0 6271  715.00;
192.168.1.142 13.72919 100.7756 3/10/201712:31.00( 75 300 q2 0 325 74 2405 100 (126 41 513 -85 80 12278 0.26 5923 493 095 202 1161 75 000 0 0 O 0 o] 59.23 75.00;

v9



65

5.2.2 N1SNAERUNISYINeLYasdIusanlay

nszvINMTINUesdueelataisududialanadu Run vasdiuaanlalu

whvpiianMuANTINNULAAIRIFURN 5.19

| Stop App

== Real-Time

Offline

WAZ

| Apon | i

|
YN

sU# 5.19 miveideniuuanisyinauuuusewlay

naaIndeninuemsvinauuuteewladuansusinguisnamdnvesdusenlad
Goalnddegunn 5.20 Tudwveamiieiar 3 nanudgaziansdrud mividoniwauisu
wardruvemuneian 4 neduvssidudiuannadiuiaiu 2 mivstesde niieia

g08 Main wagwisegeae Table

ToR o N ® = .
fé"""—"-_-: @ MAIN ]
I ] & - Total Savings .S — . - N

- — - —— - - — - — - -
E

J v a 1] «
3Un 5.20 w19evanvasdueanlal



66

TagfianunsadangunisvhauvesusiasniirsgesldmuildualSlunmsidouldn
Tuuviuds Fawdaeaniiu a dufe

- dnGenendoyauuuaenlal

- @umsiesEiinn1stoya

- dunswanssadeya

- dainsenansenuauLa

5221 dmisengwteyauvveaniad (Offline)

= = | - -t |

mngﬂw 5.21 Wisludruroaviueay 3 mmgﬂw 520 faduduildlunis

- ' ey Vo o= o =i ¢ v a w -
sunoulwanlavunnannisiululnumsealng FelunisldaiuaziSusuainnisiden
aunuslvamesuanilavuiinliluges Folder Selection Ldanlusida lutoe Select
Project \donvlintayalutes Select File Type Hzuundusiedu srubou uavsiel

F: - o v | L. . & '
[Daily/Monthly/Annuall upzidenlnasain1slutes Select Existing File 31nuunay

i o - ¢ d o w o oy a ¢ | W
Load @viin1siseniva edagavitudinliundinswiuasuananalududaly

[— File Selection ——

‘ Folder Selechon

Select Project

Frgjeet_2018 e

Select File Type
iy -]

Sefect Easting File

Users Admminiclrator 5

IJ 1 - U v
JU# 5.21 @uGuneuteya



67

5222 dmumsiesizvivanIsvoya

waannsiienind Wsunsuasvinmssuteyaviavualulwaudadnn
doyauniieszidanisneulunanina iesnninddeyanduiiniudulndussam .csv &

Dunsusndeyadairissmnegania () Sldaunsouandudiunisuanuale

5223 dwumsuaninatoya

Tuduiandunsuanwandanniiasvidoya srgnuuseaniludoya 3
wila 1our Joyauuuaian Jeyauuunisns uasdeyauuuns i dsozuansliluntieinsdons
aD4AD MANNBY Main uasuiieages Table

ludunsuansdeyan nilnaiiuuaignavuanidayagagavingvedlwg
fu Wesmmiumidusuuvardumissusond ludmmaneay 1 way 2 1e93U7 5.22
Tneiivangian 1 awliunisimesludaues Total Savines wazmu ey 2 Wuwis iimes
ludauvas Current Productions warludaunuisias 3 ‘uaagﬂfi 5.22 10uUN1IsUAN
wisfimeslusukuunsm 6 ila Ingazarnsoidannisuansuansanléides drop down
dmiuidenyiinvaansmFaldun nsw Total Savings, PV Cell, Battery, Inverter, Grid way
Load Fauansluguil 5.23 (n) - (2) mudiiy dun1suanssauums 1S ssddunar uil

= as =
VA uaznangaylofuanIfzun 5.24

l: 300,00 kwh

22500 KWh

Tinph bebactar 4] Vo Samgs 7| Battery 7 re

25500 Kwh

)
]
|
]
I
|
]
000 kwh I
1
|
}

=l v ] & ] «
JUN 5.22 wihiagey Main vosdiueeulal



=

Time

(n) N3N Total Savings

= ov.cel pover [ PV CellEnerey

-
i V ¥

11:1310 12:00:00 13:00:00 180000 1500 154110
12az07 123007 12/12/2087 1232017 1271287 121272m?

Time

() n3aw PV Cell

3 Rnttary Power - Charged - Dacharged -

IV A N 8 4 A N AL A S B A 4”08 s it e b 8

Time

(A) N5 Battery

= nverter Power [ iovener tnersr [

Amplitude

130000
2T AT 2712207
Time

() N5 Inverter

68



69

Gidpower [l citrey R

13:00:00 00 15:00:00 1 )
1222917 2AYNT 1211347 ) 17 1

e

() N5 W Grid

Eoad Pove -‘..r-\:'-c'.g, -

i
H 2 D000 1541
121207 1222007 121YLF 1281317 L2200 1212771

() N5 Load

o v | ¢
Jun 5.23 WUNALARINS TWIBsd U ey

3UW 5.24 winsinsdos Table vosdiuoevladl



70

5.2.24 §uaiuendaIssennaguna (Report Generation)

dwmivdrunisasusenuagunalulwdana pdf sziiliidenvinues
a o Y v v W a ¢ & o v
nswnanluduiinwiauiutayanismlwesivvasuvivun Fadiun1sasaenalsseau

ayUnauandlugui 5.25

—— Report Generation

Graph Selection: ¥ Total Savings (| Battery 71Gnd -—ﬁrﬁ; . i 4
; n Report |
4 PV Cell 7 Inverter /| Load [ o WSl

Saved Report location

gé \Users\Administrator Desktop| Mew Project’ RecordedhProject_2018\Report_Project_ 2018\ Daily Report 2018.02,23.pdf
]

J v 1 o o v
FUN 5.25 MO0 NaImMIUN1saIesIBaudsURg

wWianadu Gen Report lUsunsuasvimsasgounazas uinawmestosily
Tuiinienans laoiastudinly s sumiladeniulnawesiionlidmsuduiindoyaludoy
Sealnil 3njuAelnawmes Project 2018 lnanisasslnawestauazldtalnamosilu

Report ausmgBialusidiauasla.a wudsaiuinaneseesdug duandluguil 5.26

ChUsers\Administrator\DesktopNew Project\Recorded\Project_2018
~ Project_2018

~ Annual_Project_2018
.~ Backup_Project_2018
.~ Daily_Project_2018

~ Graph_Project_2018
~ Monthly_Project_2018
~ Report_Project_2018

JUN 5.26 Iawmeddmsunsdudiniananssisauaguue

mn*u;uawas"wlwéu.ax-ﬁmﬁﬁ‘Jm"LwéLaﬂﬁnsmmWﬂ';Umﬁﬁumﬁm
Tsunsulunsilalwdionansusuiam pof findosreuiamesuesfldldimundueiugiu
1

Idonansiadrdufusziivuinvhfunsznme Ag uazasusznousediy
FuSeaftouansdnvrvesssruiuiasidoun a4 onlndunsnlulmnoowla
sulduninddoyasietu sruidou uavsed Fadua3esaziu Daily Report, Monthly

o a 1 L7 d 4 v o
Report w38 Annual Report mudndy wagludiudaniszuansolusiiaiflelivianas



71

Avualinudsiuiivedlwdtoyafidonsu dufuiuasnaivinsadaenansiuszuansl s
Tudmanvesnsyawnu ﬁﬂw%‘udauﬂaqiauuaﬁazﬁﬂm'sﬁ’uﬁnu:u%uﬂuﬂu'ﬁ'agaﬁmm
warvayansn %aﬁayaﬁaLawﬁy'uazﬁ'uﬁnmwwwﬁLmaéﬁtﬂuéﬁsauéwqmwnmﬂixnauﬁw
Anfiuanslumsned 5.6 dautoyansmidudldansadennsmannstovn 6 via 30

Li‘lunﬁWﬁﬁwmmwaiwﬁn WaTWIERBTVDINT IWAARNILUAISIN 5.6 1wuiu

o =] g . O kel 3
@154 5.6 sl sdmsunistudintoyalulvdienans

(] e ‘J o L )

NUIANY winiimeiminluduiin

- Total Energy Saving (kWh)
Total Savings - Total Cost Saving (THB)

- Total CO, Reduced (kg.CO,)
- Power (kW)

PV Cell
- Energy (kWh)
- Power (kW)

Battery - Charged Energy (kWh)
- Discharged Energy (kwh)
- Pawer (kw)

Inverter
- Energy (kwWh)
- Power (kW)

Grid
- Energy (kWh)
- Power (kW)
Load

< Energy (kwh)

o v & v -
lnvguuvuresenassssuagUaivinnsaiduszuansdegui 5.27
way 5.28 Falumednmansnansspauagunanuumeiuming 1 uaz 2 anudeu Tagvh

nsidennsmAivetuiinly 3 nsaw Iéun nsavl Total Savings, N1 PV Cell waznsm

Battery




Daily Report

Project Name: Project_2018
Date: 2018.02.23

Parameters:

Total Energy Sawing 22500 “Wh
Total Cost Saving 900.00 THB

Total COZ Reduced  126.00 kg COZ
oV Cell Power 0220 W PV Cell Energy 30000 kwh
Battery Power 4810w gattery Lharge 25500 kwh
Battery Dscharge 24000  kwh
Inverter Pawer 17684 w Inverter Energy 2500 kwh
Grid Power 000 w Grid Energy 0.00 Kwh
Load Power 17694 W Load Energy 2500 kWh

[ L] L]

Saved. 26/2/2018 16:51 01
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Based-on a TCP/IP technology and LabVIEW™ program

Nutthaka Chinomi¥, Suttipong Boontaklang** and Chow Chompoo-Inwait

Abstract — This rescarch paper proposed ideas and implementations of a smart management
platform to be used where there are more than two solar street lighting (SSL) fixtures installed in
any area. Any group of multiple SSL fixtures will be called as an SSL network in this paper. The
proposed smart platform intends to be used in either already-exist SSL networks or any newly-
designed network. The idea of arranging and controlling the SSL networks may sound simple. In
fact, there are lists of difficulties along the line of managing multiple SSL. devices, for instances,
real-time and continuous operations. sequencing problems. success rates of data transfer. long-
distance issues and many more. Many SMART features such as variety of control capabilities,
monitoring options, data analyzing. data logging. events alarming and finally report generating
choices will be included in the proposed platform. The TCP/AP protocol will be used to identity
each device entity in the networks. The wireless internet network will be used as medians for two-
way communications between ecach SSL device and central server platform. The LabVIEW
algorithms and programs will be configured as central server for this proposed platform. This
platform 1s capable of simultaneously communicating with multiple SSL fixtures which have their
own IP addresses. It is designed to manage at a maximum of 4,096 devices for each platform.
Since this platform uses TCP/IP protocol, the like of acquiring and data transferring modules can
practically be anything. It could be a microcontroller, as exemplify in this paper. a zighee module
or any other device which has the same ability. This will add the flexibility to apply this platform
conceplt to any broad range of existing SSL fixtures. The detailed concepts, algorithms, the smart
platform demonstrations of all functions mentioned above, the verification process and the
conclusion will be elaborated here in this paper. The system demonstration of the proposed
platform is done and illustrated using three microcontroller boards 1o generate three SSL matrix
parameters. The experimental results are well beyond the expectations.

Keywords: Solar Street Lighting (SSL). Network. TCPAP, LabVIEW'™. Smart Manangement Platform
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A Smart Management Platform for Solar Street Lighting Networks

1. INTRODUCTION

Globally. conventional street lighting fixtures have long
been used and installed. Meanwhile. more modern solar
lighting (SSL) gradually
implemented lately. In Thailand. for example. more than
thousand SSL installed.
countrywide. during the last two years, as for the energy

street fixtures are also

thirty lixtures have been
conservation trends and concerns. Unfortunately, all of
them are stand-alone type of SSL fixtures which operate
independently. In some areas or site locations, i.e. many
industrial estates, national stadiums, government office
locations or public parks, stand-alone type of solar street
lighting fixtures may not be the best solutions. It would be

+  Corresponding Author : EE. Dept.. Faculty of Engineering. KMITL,
Bangkok. Thailand (chompoocia gmail.com )

* EE. Dept., Faculty of Engincering, KMITL. Bangkok. Thailand
(nutthaki.ce gmanl.com)

** EE. Dept., Faculty of Engineering. KMITL. Bangkok. Thailand

much better in every aspect il we are somehow able to
reconfigure. like grouping or do the zoning. controlling,
monitoring or adding the necessary features when needed.

There are several researches on street lighting system
bused on various wireless network communications. Most
ol them emphasizes on a design that could increase the
efficiency of the lighting, optimize management and reduce
the costs related to energy consumption and maintenance.
Some of them emphasizes on using zigbee as a transmitter
to control and check the state of the street light [1]-[6].

From rcasons given above. there is an idea on using a
different method to approach a smart management platform
for solar street lighting network, where TCP/IP technology
and LabVIEW program are used. This research proposed
the concept and implementations of a smart management
platform, where several features included in the platform
are control capabilities. monitoring options, data analyzing,
data logging. events alarming and report generation.
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2. RELATED THEORIES
2.1 LabVIEW™

LabVIEW is an engineering software specializes in test,
measurement and control solutions. It consists of two main
parts: front panel and block diagram [7]-[10].

A) Front Panel is used as a mean to communicate
between users and the program (user interface). An
example of a front panel is shown in Fig. I(a).

B) Block Diagram is similar 10 a source code of
LabVIEW. An example of a block diagram 1s shown in Fig.
1(b).

{
P

£ " P -

(b) Block diagram

(a) Front panel
Fig. 1. LabVIEW environment

2.2 TCP/IP technology

TCP/IP stands for Transmission Control Protocol/Internet
Protocol. defines a communication between two or more
devices (a server and clients). A server opens a port on a
network, waits and listens to any client connecting to the
same port and network. The server is able to identify every
client connected to the network by their IP addresses. Both
server and client can do a two-way communications; they
can both send and receive data [11]-]12].

3. PLATFORM CONCEPTUAL DESIGNS

This section will explain four parts of the platform
conceptual design: SSL network system overview, platform
overview. client and server.

3.1 SSL Network System Overview

The overall system conceptual design is shown in Fig. 2.
The system consists of an SSL network, a central managing
server and a communication protocol. The proposed
LabVIEW-based platform is acting as a central server here.
responsible for control, monitor and management. An SSL
network comprises of multiple SSL fixtures separated into
multiple zones. They are acting as clients to the system.
TCP/IP connection is a protocol in which both the server
and the clients communicate by connecting to the same
wireless network.
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Fig. 2. Overall system concept
3.2 Platform Overview

The platform. shown in Fig. 3. consists of a client (SSL
fixture). a server (LabVIEW) and a TCP/IP communication
protocol. Each client is to be capable of sending acquired
data to the server. receiving and executing commands from
server. The server is responsible for receiving, storing and
processing real-time data sent by clients in a network and
sending on/off commands to control SSL fixture.

TCP/IP Real Time
ON/OFF Data Dispiay
Memote -~ ® | Status
y S P acene — GEVIEW S
Lonl
Dyta A e
Arzune ~ o= & o J oftie
Wirsess = Data Desplary
>y i Nerwork b Data Report
Client Communication Protocol Server

Fig. 3. Platform concept

The working process details of the platform are shown in
Fig. ‘4. The client acquires and sends data every ten
seconds. While not sending, 1t checks for any received
command. The server is divided into real-time and offline
part. In real-ime part, once the server is running, it will
check for any IP connection and wait to receive or send
data. During this process, the sequencing problems might
occur due to receiving data from multiple SSL. However,
they arc solved so the data are received in order. The data is
then displayed and recorded automatically. In offline part,
the data are displayed after the file is selected, and only
then the summary report can be generated.

T —
TCPAP 71 | e |
| Dats Mensure | P4 et 1 Oata Transler J L
1 ———h L . W .
e ; P oime ; Lk [ Dby —;
} Data Transter .\'___ i ey | Ovplay } L
‘ s T
Wireless s | Repon ‘
S5 Fxture Netiroik eco =
Real-Time Offline
Communication
Client Protocol Server

Fig. 4. Platform working process



3.3 Platform Client

An SSL fixture is defined as a client. For each client.
both acquiring and data transferring modules are needed in
order to acquire and send data to the wircless network via
TCP/IP protocol. The module is responsible for acquiring
various SSL parameters i.e. voltage. current, power, energy,
total harmonic distortions and power factor. energy saving,
cost saving, CO, reduction and SSL status. It is also
responsible for sending the client’s data i.c. IP address,
geolocation information (latitude and longitude), date, time
and the acquired parameters to the network in real-time. For
the module. a zigbee. arduino or any devices capable of the
same abilities are usable. The client conceptual design 1s
shown in Fig. 5.

Platform Client Design
Real-Time

Transferring
- IP address
- Geolocation (latitude, longitude)
- Date and Time
- Measured parameters

Measuring
- Various Parametersie. V, |, P,
Energy, %THD, P.F_, etc.
- Energy and Cost Saving
- CO, Reduction
- S5L Status (On/Off)

Fig. 5. Platform client concept

This platform uses a microcontroller and a wifi board to
create both acquiring and transferring modules, However,
in this case, the microcontroller shown in Fig. 6 is used to
generate sets of the mentioned data and sends them (o the
network to verify the server in the next section.

Fig. 6. Microcontroller
3.4 Platform Communication Protocol

TCP/IP protocol is a median for communication between
server and clients. A wireless network where every clients
and server can connect to is needed. It can either be a newly
established wircless network or an existing wireless
network. This paper uses an existing local wireless network.
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3.5 Platform Server

The proposed central server has two main working
conditions: in real-time part and offline part. The server
conceptual design is shown in Fig, 7.

Platform Server Design

Real-Time i Offline

Controlling Monitoring From RT saved file
- Zoning - Parameter receive - Parameter analyze
- On/Off - Parameter display - Parameter display

- On/off status display - Report generation
- Data logging
- Recording

Fig. 7. Platform server concept

The real-ime part is divided into controlling and
monitoring part. The controlling part is capable of zoning
and controlling the on/off status. The idea on zoning is to
group multiple clients together in multiple zones so it is
casier for users 10 identify and control the clients. The
monitoring part_is capable of continuous receiving and
displaying data, stating SSL status and data logging. The
file saved in this real-time part can later be opened and
displayed i the oftline part.

The offline part is for data analyzing. displaying and
report generation. This part uses data from the saved file in
the real-tume part (o display and create a summary report in
pdt file format. It can be done in daily. monthly and annual.

3.6 Platform Server Application and Process

The running process of server starts once the application
is executed. The main page. which is the selection of the
existing running mode, is shown in Fig. 8. The screen will
prompt and wait for user selections. The selection is
between to run Real-Time mode. Offline mode or o stop
the application. Both Real-Time and Offline mode can run
simultaneously.

r— Real-Time —— ~—— Offline -i

| |

. Stop App | L ‘ Run I | 1' Run [
- - ) i . - - ‘ ‘
“Seting | Abort | | Aot J
SR 1

Fig. 8. Main page selection

A. The Real-Time Part

Once the Run button is selected. the Initial Settings will
prompt up asking for project name and saving locations,
shown in Fig. 9. The real-time features are then ready to
use.



Settings

Frter Project Narms Port

Saving Location

Fig. 9. Initial settings

The user interface consists of four main features: main
monitoring, zoning, data display and status. The main
monitoring tab is shown in Fig. 10. The left side shows
server and client connection status with some of the server
settings, whereas the right side displays real-time data and
parameters. The server is capable of communicating with a
maximum of 4096 devices simultancously.

ot Fones Sarver

e

Fig. 10. Real-time interface

This real-time part i1s divided into two sub-parts: real-
time controlling and real-time monitoring.

a. Real-Time Controlling

The controlling part comprises of two features:
Zoning and Control. In zoning. the total number of zone
should first be set. Then clients could be assigned to cach
zone as shown in Fig. 11¢a). In control mode. the selection
to turn on/off a group (zone) of clients or an individual can
be done as shown in Fig. 11(b). The server will then send
set of commands to the network so each client could receive
and execute as commanded.

[ Zaning

Cler Lone Sac BRI TR £ + i

(a) Zoning
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Fig. 11. Real-time controlling features

b. Real-Time Monitoring

This part is where parameters are continuously
bemng received and displayed. The data logging are also
being processed at the same time. Parameters recorded are
IP address, latitude and longitude, date, time, energy saving
cost saving, CO; reduction, SSL status, voltage, current,
power. energy. lotal harmonic distortions and power factor.
It 1s divided into three types: daily record, monthly record
and annual record. for further usage in the next offline part.
Example of parameter displays and saving report location
arc shown in Fig, 12(a)-(¢).

(b) Example of numerical parameter display

(¢) Example of data logging location
Fig. 12. Real-time monitoring features

B. The Offline Part

Once the Run button is selected, the offline reading will
prompt up and is ready to use.

The user interface consists of two tabs of data displays.
The main display tab is shown in Fig. 13(a). The left side
shows file selection. whereas the right side shows data



display and report generation, Fig. 13(b) is an especially
rearranged version of the file selection for a clearer view.
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(a) Main display tab
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(b) File selection
Fig. 13. Offline interface

A file that was recorded in the real-time monitoring needs
1o be first selected for the data to be displayed. The file is
selected by choosing from the drop down button: the maimn
folder, project folder. file type (daily, monthly or annual)
and lastly the file name. Once the load button is pressed., the
parameters are displayed the same way with real-time part
as shown before in Fig. 12(a)-(b).

As for the report generation, the lists of graph to display
in the report can be selected. The parameters are also
included in the report. Once the Generate button is pressed.
the summary report i1s generated and saved in the presented
suved report location shown in Fig. 14.

~ Raport Ganeration ——

i Desbtop' New Fropcr Recovded Frosect 21 fieport Propay 15 Daly Fapon 01002 2) ped |

Fig. 14. Report generation
4. IMPLEMENTATION RESULTS

The platform implementation is verified using three
microcontroller modules as clients to generate and send
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SSL parameters every ten second to the wireless network.
The verification is done on the following features.

4.1 Microcontroller-based Client Module

The module is test on data sending with a freeware that
supports TCP/IP client and server terminal called Hercules
SETUP utility from HW Group. Fig. 15 shows the Hercules
software running as a server and the data received from
connecting to the same wireless network as the module.

. e e o

HW -

Fig. 15. Client verification
4.2 Real-Time Monitoring

This verification shows that during the continuous
monitoring. the display feature is properly displayed as
shown before in Fig. 10 and Fig. 16.

Fig. 16. Real-time monitoring verification
4.3 Real-Time Controlling

This verification shows that the real-time controlling
features: zoning and control are properly working as
mentioned and shown before in Fig. 1 1(a)-(b).

Since the microcontroller module in Fig. 6 cannot display
the status command received. the Hercules software is used
to represent the module. An example of a received
command can be seen in Fig. 17.
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Fig. 17. Real-time controlling verification
4.4 Real-Time Recording
As the data are continuously received in the real-time
monitoring part, they are also recorded simultaneously. An

example of recorded parameters is shown in Table 1, 2 and
3. It was recorded according to the order they are received.

Table 1. An example of recorded parameters
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4.5 Offline
Once the file is selected and the load button is pressed.

data of the selected file are displayed, as shown before in
Fig. 13(a) and Fig. 18.

Fig. 18. Offline verification

4.6 Report Generation

As the Generate button is pressed, the summary report is
generated and opened. An example of a report generated
file is shown in Fig. 19.

Fig. 19. Example of a summary report

5. CONCLUSIONS

The proposed smart management platform for SSL
networks comprises of server, clients and communication
protocol. The proposed server is capable of controlling,
monitoring. data analyzing, data logging and report
generation. The SSL clients are responsible for acquiring
and data transferring. Both the server and clients are
connected 1o a network with TCP/IP protocol. The
proposed server can simultaneously manage multiple SSL
clients where the sequencing problems are now resolved.



The platform-implementation verilications are done using
three microcontroller-based clients 1o generate three SSL
matrix parameters. The success rate on data transferring
from the experiment is between 85-95% which is highly
satisfied. The success rate depends on network stability. Tt
can be concluded that the proposed platform is well
functioning as desired in both real-time and offline modes.
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ABSTRACT

This paper focuses on designing and implementing a prototype of smart monitoring system
capable of doing multi functions i.e. monitoring, analysing and communicating with devices in a
small micro-grid system. This research proposes the use of a combination between a low-cost data
acquisition (NI compact DAQ) device and a commercially-used LabVIEW™ program in being a smart
renewable monitoring and analysing system. The proposed set of equipment is capable of doing all
the functions needed by utilities and users in the aforementioned micro-grid system. The proposed
prototype is capable of measuring, monitoring and recording in both normal system operating
conditions and when faults occurred. A number of power quality parameters that can be monitored
and analysed are as follows: voltage (V), current (1), real power (P), reactive power (Q), apparent
power (S), energy consumption (kWhr), power factor (PF), harmonics distortion (THDi and THDv),
over/under voltage, sag as well as swell, Extensively in this paper, the principle design concepts,
hardware implementations, the LabVIEW™ algorithm, how the overall system works, experimental
results, the accuracy verification process and the conclusions will be thoroughly elaborated.

KEYWORDS

LabVIEW'™; data acquisition
system (DAQ); power quality;
smart monitoring; IEC61000-
4-7 and IEEE1159-1995

1. Introduction

Generally, traditional analogue and digital measuring
instruments are used to measure the system parameters,
i.e. voltmeter, ammeter, etc. and not only these devices
tend to be expensive, it also cannot be detected and mon-
itored remotely (online measuring). It can only be meas-
ured in the same location it presents (on-site measuring).
It cannot detect malfunctions or faults. Thus will show
only quantitative data and cannot display qualitatively.
Moreover, it cannol store the measured signals automati-
cally in a desirable period of time. Asa result, the analysis
and display from these measuring instruments are not as
effective as it should.

From the reason given above, there is a rough idea to
design a set of measuring equipment for electrical signals
analysis on renewable energy systems using a low-cost data
acquisition system and LabVIEW™ designed, in which
can measure and analyse like other measuring devices can
with further features mainly to automatically store data in
adesirable period of ime and can be remotely controlled,

2. Related theories
2.1. Related parameters

There are various parameters to be calculated in this
designed LabVIEW '™ program. [1-4].

(1) Apparent Power (S), Real Power (P) and Reactive
Power (QQ) are measured in Volt-Ampere (VA),
watts (W) and Volt-Amperes Reactive (Var)
respectively.

Slu 4 3 vrm.\]nnség ( l ,
Pi". = 3vruu1rnn cos H
(2)
Ql.u = Sth_I'“m sin 9
(3)

(2) Power Factor (PF) is a ratio between the applied
real power and the apparent power.

PF = costl = P, /S,, (4)
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(a) Front panel

Sensor DAQ

(¢) Structure of how DAQ works

Figure 1. LabVIEW™ environment.

(3) Total Harmonic Distortions (THDi, THDv) is a
commonly used power quality index to quantify
the distortion ot a waveform. It is also defined as
the relative signal energy present at non funda-
mental frequencies.

[ n
[y p?

. (5)
“THD_ = ——L—— x 100;1=2,3.4,....n
|
I H
B\
\’ =2 [6)

%THD, = —%

x 100,1 = 2,3,4,...,n

(4) Sag is a decrease in rms voltage to between 0.1
and 0.9 pu for durations from 0.5 cycles to I min.
Typical values are between 0.1 and 0.9 pu.

(5) Swell is an increase in rms voltage above 1.1 pu
tor durations from 0.5 cycle to 1 min. Typical
magnitudes are between 1.1 and 1.2 pu,

(6) Frequency variations are the deviation of the
power system fundamental frequency from its
specified nominal value (e.g. 50 Hz, 60 Hz).

2.2. LabVIEW™

LabVIEW ™ consists of two main parts, which are front
panel and block diagram. The functions of these two com-
ponents are as follows:

(1) Front Panel is used as a mean to communicate
between users and the program (also known as

— . -
:ff: [THRe -|.-"ﬂ.
B TR e e
;E:.’l_- oy ‘“M' Aok
(b) Block Diagram

Computer

user interface). An example of a front panel is as
shown in Figure 1(a).

(2) Block Diagram 1s similar to a source code of
LabVIEW ™ An example of a block diagram is
as shown in Figure 1(b).

2.3. Data acquisition (DAQ)

DAQ hardware 1s a device that acts as an interface between
a compuier and external signals i.e. analogue signals, dig-
ital signal, sensors, transducers, etc. Figure 1(c) shows a
structure of how DAQ works [5-7].

3. Conceptual design

The concept is to design a smart monitoring system for a
modern renewable energy micro-grid system. The overall
system considered in this paper consisted ot solar plant,
wind plant, load and storage system as shown in Figure 2.

3.1. Hardware configuration

The structure of smart monitoring system of solar
plant, wind plant, load and storage system are shown
in Figure 3-5 respectively. These structures have two
meler to measure both the DC side and the AC side of a
micro-grid system.

3.2. System functionalities

The designed concept is that the program is easy to use
even for beginners. Its features comprise measuring,
monitoring, analysing, displaying data quantitatively and
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SINGLF | INF DIAGRAM FOR SFLECTED POWFR SYSTFM 4.1. Hardware requirements

|METER| ' mmm:oamtn

The devices used with the designed measuring program
are:

« PCor Laptop with LabVIEW ™ program

« NI DAQ Model: USB-6212

« Current Transformers (CTs)

« Potential Transformers (PTs)

« Sensors i.e. thermistor, solar irradiation sensor,

wind vane, anemometer, etc.

4.2. Software implementations

The software is designed mainly for solar and wind energy
system. ‘The battery and load’s parameters are parts of
these two systems. The operational structure of the soft-
ware implementation is shown in Figure 6. There are 3
main parts of the implementation: initial section, control

PVl WIND

Figure 2. Overall concept for a smart grid monitering.

section and multi-tab moenitoring.
qualitatively and detecting faults. The program should also

be able to monitor three-phase energy system. And since O iigipectier]

the program is flexible, some other features can be added The first part is a button to run/stop the program.

later on. The second is a selection to operate on solar or wind
(or further energy systems to be designed in the

4. Implementations future). Then, the two operating modes selection
(see also Contral Section): the monitoring mode and

To start monitoring an energy system, the program will the simulating mode. The front panel and block dia-

get the basic data needed tor analysis: voltage and current. gram are shown in Figure 7.

They are sent to LabVIEW™ via DAQ. Voltage is reduced

not to exceed +10 V (maximum for DAQ Model USB- (2) Control section (mode selection)

6212). The results will be shown in the main monitor-
ing tab. The other parameters such as temperature, wind
speed, solar radiation, etc. will be converted into a voltage
signal before being sent to DAQ tor further analysis,

The basic parameters can be received, cither from
monitoring mode or simulating mode. The mon-
itoring mode receives real-time mput signals via
DAQ and sends them for analysis in the multi-tab

_ 7 SOLAR POWER PLANT
g ﬁ% (] MONITORING

: 1 MW ABOV/22KYV
R -1 [ —

| wumzn i
| g E

SENSOR

olar trracdiation (A/m?

Ambsent Temgerat

Figure 3. Solar plant monitoring structure.
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WIND TURBINE PLANT MONITORING
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Figure 4. Wind plant monitoring structure,

LOAD & STORAGE MONITORING

PY S/ PE ATHB:

LabVIEW | Frequency et [ LCD DISBLAY

Figure 5. Load and storage configuration structure.

monitoring explained in the following section. There « Parameter: shows overall system parameters e.g. V,
are two sub-modes to the simulating moede: one is lgST

simulation via DAQ and the other is manual simu- « Waveform: shows systems specific data and
lation by users. waveforms

VI Phase: shows cach phase V, [ data and waveforms

DAQ Simulation: The DAQ device automatically « Power Phase: shows each phase S, P, Q data and

simulates voltage, current, frequency and phase.

- ) ) waveforms
« Manual Simulation: The basic parameters are .
) : : » Power 3-Phase: shows three-phase S, P, Q data and
manually customized by users via the designed
waveforms

simulation panel: voltage, current, frequency and

s « %THDv, % THDi: shows total harmonic distortion
d45€,

» SAVE: record signals and data
(3) Multi-tab Monitoring = REPORT: import and display saved data

: ) . « STATUS: shows Fault event status and alarm
The multi-tab monitor shows real-time system data

along the operating period. There are 9 tabs and each ~ Figure 8 shows these multi-tab features: (a) Parameter,
tab represents the following features: (b) Waveform, (¢) VI Phase, (d) Power Phase, (e) Power



146 (@) N CHINOMIET AL.

Software Implementations

1. Run/Stop
1 Initial Section |— 2. Solar or Wind
3. Operating Mode Selection

i Maonitaring mode
- Real Data input via DAQ

1 Control Section [ 2. Simulating mode

- DAQ Simulation

- Manual Simulation

| 1. Parameter

6. %THDv, %THD:
Multi-tab | 2. Waveform 7. SAVE :
B = 3\l Phase 8. REPOHT i
Monitoring : H
1 4. Power Phase 9, STATUS

5. Poweer 3-Phase

Figure 6. Software implementations structure.

3-Phase. (f) %THDyv, %THD1, (g) SAVE, (h) REPORT
and (i) STATUS.

5. Experimental results

5.1. Accuracy verification

The data collected from the proposed method will be com-
pared with the data from the referenced measuring device.
The hardware configuration for the verification is shown
in Figure 9 and 10. This verification process consists of
5 stages.

(1) The ratio calibration

Test for the tolerances of the CTs and PTs to assure
the accuracy. The calibration uses three-phase

100

power supply, CTs and PTs with three-phase
star-connected load (incandescent lamps). The
input voltage supply in this experiment to the load
is 20%-110% of 220 Vrms. The result from ratio
calibration is shown in Table 1 and the verifica-
tion test result done after calibrating is shown in
Table 2.

(2) Phase angle calibration (caused by CTs)

The possible instruments that can cause phase shift
are CTs and PTs because they comprise core and
coil. When tested and compare the phase shift of the
two: voltage and current, it is shown that only cur-
rent has a phase shift. Therefore, phase angle calibra-
tion is conducted with linear and non-linear load.
The result from the experiment shows that with dif-
ferent load, the phase angle calibration differs. An
example of lincar load test is shown in Figure 11.
Table 3 shows the result phase angle calibration of
lincar load.

(3) Frequency variation

This test used function generator to generate sinu-
soidal signals at various frequency: 50 Hz, 150 Hz,
1 kHz, 1.5 kHz to 2.5 kHz, and record the frequency
measured by the designed program. The results are
compared to the referenced device shown in Table 4.

(4) 'Total harmonic distortion

Voltage and current harmonics are analysed by
conducting RL Load test. From the comparison of
the designed measuring instruments (DAQ and
LabVIEW™) and referenced measuring device
(CA-8335 Qualistar+), the harmonic distortions
are shown in Table 5 and example of phase A in
Figure 12.

SrOw

e S

Soku
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Figure 7. Front panel and block diagram for the initial section.
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Table 1. CTs and PTs ratio calibration.

102

(5) Experiment using Linear load and non-linear

Current Transformer

Potential Transformer

load

The experiment data of the proposed device was

compared with a reference measuring device (CA-
8335 Qualistar +) at 220 V, 50 Hz. The results of the

The two computers or laptops using this designed pro-
gram need to be connected through the internet, so the
measuring data can be transferred online. There are two
ways of doing this: one is using remote access software
i.e. TeamViewer™. the other is using LabVIEW ™ online

Nameplate Nameplate
Phase ratio Actual ratio ratio Actual ratio
A a0 a4 50 493
B 40 4365 50 4932
¢ 40 45.80 50 4941 test are shown in Table 6 and 7.
Table 2. Test after ratio calibration. .
5.2. Online measurement
Phase V (V) 1 (A) S (VA)
A CA-8335 Qualistar+ 22040 1.68 368.30
DAQ and LabVvIEW™ 220.20 1.67 367.85
Y%Error 0.091 0.595 0122
B CA-8335 Qualistar+ 220.70 1.68 369.90
DAQ and LabVIEW™ 221.30 1.68 37289
Ywkrror -0.271 0 —0.808
C CA-8335 Qualistar+ 21940 1.67 366.30 ] | :
DAQ and LabVIEW™ 22013 173 38160 features as shown in Figure 13.
YoError -0333 ~3.592 -4177

Table 3. Phase angle calibration.

CTs Phase Angle Calibration (Degree)
Phase A -12.509
Phase B -7817

-13.00

Phase C

Table 4. Test for frequency variation,

Function Generator LabvIEW™ Error Percentage
Frequency (Hz) Frequency (Hz) (%)

50 500 -0.020

150 150.08 -0.053

1000 1001.26 =0.126
1500 1503.52 -0235
2500 2459.42 0.023

Table 5. Total harmonic distortion comparison.

Total Harmonic Distartion (%)

Phase CA-8335 Qualistar+ DAQ and LabVIEW™  %Error
A 14122 14576 3151
B 13513 1.4168 —4.847
C 1.3720 1.4349

-4,584

Table 6. Parameters comparison for linear load test.

5.3. Datarecording

‘The recording can be done in two ways: one is recording
data by the desired time interval and the other is recording
data by the desired numbers of cyele. The parameter data
will be recorded in a file via the SAVE tab. This function
recorded all parameters: voltage, current, power, solar
irradiation, wind speed, temperature, etc. An example of
recorded data file is shown in Figure 14(a).

5.4. Faulteventalarm

The fault alarm is in the STATUS tab as shown in Figure
14(b). It will detect overvoltage, undervoltage, frequency
variations according to the base value customized by
users and the IEEE Std. 11591995 [1]. If fault occurs, it
is set to show on the status panel and recorded in a file
automatically.

5.5. Real-time measuring

The designed program was used to measure the actual
renewable energy system, in this case, solar and wind

Linear Load

Phase A Phase B Phase C
DAQ and Lab- DAQ and Lab- DAQ and Lab-
Parameter CA-8335 Qualistar+ VIEW™ CA-8335 Qualistar+ VIEW™ CA-8335 Qualistar+ VIEW™
V (V) 220.40 220.20 220.70 221.30 219.40 22013
1(A) 1.68 1.67 1.68 1.68 1.67 1.73
S{VA) 368.30 36785 369.90 372.8% 366.30 381.60
P (W] 36830 367.38 369.90 373.07 366.30 380.39
Q (VAR) 0.50 13.25 330 11.75 3.10 27.60
PF 1.00 0.9994 1.00 0.9995 1.00 0.997
THDv (%) 1.90 1.97 1.90 203 1.90 1.87
THDi (%) 2.00 214 210 211 1.90 1.99
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Table 7. Parameters comparison for non-linear load test.

Non-Linear Load

Phase A Phase B Phase C
DAQ and Lab- DAQ and Lab DAQ and Lab
Parameter CA-8335 Qualistar+ VIEW™ CA-8335 Qualistar+ VIEW™ CA-8335 Qualistar+ VIEW™
VIV) 220.40 22020 22040 221.03 219.60 220.25
1{A) 0.79 0.78 0.79 0.79 078 0.80
S (VA) 174.70 17096 173.90 174.82 171.90 176.77
P (W) B8.50 88.10 88.10 88.76 87.70 84.62
Q(VAR) 150.50 146.04 145.70 150.59 148 40 155.41
PF 0.51 0.52 0.51 051 0.51 048
THDv (%) 1.60 1.73 1.80 182 190 1.92
THDi (%) 1010 1134 10.20 10.78 10.20 11.20
T (1) The DC Input: measures wind speed, temper-
Chauvin ~,  LabVICW . i Lo .
T A i ature, humidity, solar irradiation, DC power,
!'r o :T voltage and current. The experiment used ane-
| - | e He 5 —T %
I: ,r.rgg P,Ea (¥ |: m.mmtu (Davis 7911) ..md ong solar panel
Ly Iy of 245 W and 50 units of 100 W incandescent
R Load

[ ihese N
|
|
L

—— — 4

)

=
85
L

O

Figure 9. Circuit used for calibration.

system. The measurements of the solar irradiation,
wind speed, wind direction, temperature, humidity and
the power output of solar cells are performed using
sensors sending the signals via DAQ to LabVIEW '
to do real-time processing and recording as shown in
Figure 15.

The experiment was conducted at a laboratory within
the KMITL, Bangkok on May 17, 2015, for three hours.
‘The purpose of this is to assure that the program runs per-
fectly during the real-time monitoring. The experiment
was divided into two parts:

lamps as a single phase load to the system. The
results from the experiment are recorded and
plotted. Example of the plotted data is shown in
Figure 16.

The AC Qutput: measures parameters after an
inverter i.e. AC power, voltage and current,
power factor, % THD. The experiment is con-
ducted at 230 V, single phase with 55 W LED
light as load. The results from the experiment
are recorded and plotted. Example of plotted
data is shown in Figure 17.

(2

The designed measuring equipment worked effectively in
both wind and solar energy and was able to meet the prior
objectives of measuring in both quantitative and quali-
tative data and to get input from the sensors efficiently.
Although this experiment was conducted in a single phase
system, the designed program 1s capable of monitoring in

Figure 10, Hardware set up for calibration.
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Figure 11. Linear load phase shift.
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Figure 14. Example of 5.3 and 5.4.
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a three-phase system as the verification process cover all
the three-phase.

6. Conclusions

The proposed method is designed to have the ability to
measure various electrical parameters, to determine power
quality parameters, to simulate and analyse the signals,
to record parameters and to detect faults. The recording
can be done in two ways: one is recording data by the
desired time interval and the other is recording data by the
desired numbers of cycle. The fault event alarm will detect
overvoltage, undervoltage and frequency variations. This
virtual instrument operates in both normal conditions
and when fault occurs.

The advantages of the proposed device are plenty. It can
detect various parameters and recorded automatically, can
measure and analyse parameters accurately and can also
be used via remote control. When compare the prices and
the performance this method has given, it 1s totally worthy
than some of the traditional measuring devices.

Geolocation information: KMITL, Bangkok, Thailand,
10520.
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Design and Implementation of a smart monitoring system of a modern
renewable energy micro-grid system using a low-cost data acquisition
system and LabVIEW program
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Abstract

Power flow and power quality measurement and monitoring in the power system have long been an important issue in the
power generation, transmission and distribution systems. Especially, today’s trend of having all kind of renewable/alternative
energy sources connected to the existing grid system. the importance of understanding and being able to monitor and an alyze
the power flow und power quality of the system is double its roles, Another big issue coming in a very near future is called
smart grid that comprised of several micro-grid system in order to improve the electricity supply chain that runs from a major
power plant all the way to inside our homes. The principle of a smart grid or micro-grid system is to add a smart monitoring,
smart control and smart communication capabilities to the existing grid system to maximize the throughput of the system while
reducing the energy consumption. The sinart grid or micro-grid concept will also allow utilities to transfer electricity around
the system as efficient and cconomical as possible. This paper focuses on designing and implementing a prototype of smart
monitoring system that are capable of doing multi-functions to monitor, analysis and communicate with all the devices in a
small micro-grid system. Such a demonstrated system comprises of one solar panel of 245W and wind vane with SkKW
incandescent lamps as load to the DC input and with 55W LED light as load to the AC output. This research proposes the use
of a combination between a low-cost data acquisition (NI compact DAQ) device and a commercially-used LabVIEW™
program in being a smart renewable monitoring and analyzing system. The proposed set of equipment is capable of doing all
the functions needed by utilities and users in the above demonstrating micro-grid system. The proposed prototype is capable of
measuring and monitoring in both normal system operating conditions and when faults occur, The examples of parameters
which can monitored at each point of interests e.g., voltage (V). current (I), real power (P). reactive power (Q), apparent power
(S). energy consumption (kWhr), power factor (PF). Harmonics distortion (IEC61000-4-7. IEEE159-1995). over and under
voltage. Sag and Swell. In this paper, the design concepts, the hardware requirements, the LabVIEW algorithm elaborations,
how the overall system works. the experimental results. the accuracy verification process and the conclusions will be
thoroughly explained.

Keywords: LabVIEW, Data acquisition svstem (DAQ), Power quality, Power flow

1 INTRODUCTION

Thailand relies on energy imports from foreign countries.
The ratio of oil import is up to 80 percent of total domestic
oil consumption and is likely to rise due to the inability to
increase production in the country to keep up with the
demand. Renewable energy development will seriously
reduce our dependence on imported oil and gas and other
energy. It also helps to diversify the risk of fuel supply for
power generation. The renewable energy is one of the fuels
that are expected to replace natural gas in the electricity
generation, especially solar, wind. hydro, biomass, biogas
and waste may develop to be a major fuel for power
generation in the future.

Generally, traditional analog and digital measuring
instruments are used to measure the system parameters, i.c.
voltmeter. ammeter, etc. and not only these devices tend to

be expensive, it also cannot be detected and monitored
remotely (online measuring). It can only be measured in the
same location it presents (on-site measuring). When a
malfunction or fault occurs, such devices will not be able to
tell what happened to the system. Thus will show only
quantitative data and cannot display qualitatively. Moreover,
such devices do not have u memory for storing the measured
signal automatically in a desirable period of time. As a
result, the analysis and display from these measuring
instruments are not as effective as it should.

From the reason given above, there is a rough idea to design
a set of measuring equipment for electrical signals analysis
on renewable energy systems using a low-cost data
acquisition system and LabVIEW designed. in which can
measure and analyze like other measuring devices can with
further features mainly to automatically store data in a
desirable period of time and can be remotely controlled.



2 RELATED THEORIES

2.1 Related Parameters
There are wvarious parameters to be calculated in this
designed LabVIEW program. [1-4]

A) Apparent Power (). Real Power (P) and Reactive Power
(@) are measured in Volt-Ampere (VA), watts (W) and Volt-
Amperes Reactive (Var) respectively.

S‘w = 3Vm-\l,m. £ H (1)
P = 3V I cosO (2)
Q. =3V I sind ()

B) Power Factor (PF) is a ratio between the applied real
power and the apparent power.
PF =cos8=PF,

i / Sap $

C) Total Harmonic  Distortions  (THDi, THDv) 1s a
commonly used power quality index to quantify the
distortion of a waveform. It is also defined as the relative
signal energy present at non fundamental frequencies.

Y.

L

%THD =

x L0, i =2 3. ot

’f
%100, A6 BlitL] &

I

WTHD =

D) Sag is a decrease in rms voltage to between 0.1 pu and
0.9 pu for durations from 0.5 cycles to | min. Typical values
are between ().1 pu and 0.9 pu.

E) Swell is an increase in rms voltage above 1.1 pu for
durations from 0.5 cycle to | min. Typical magniwdes are
between 1.1 puand 1.2 pu.

F) Frequency variations are the deviation of the power
system fundamental frequency from its specified nominal
value (e.g.. SOHz, 60Hz).

2.2 LabVIEW

LabVIEW consists of two main parts, which are front panel
and block diagram. The functions of these two components
are as follows:

A) Front Panel is used as a mean to communicate between
users and the program (also known as user interface). An
example of a front panel is as shown in Figure 1(a).

B) Block Diagram is similar to a source code of LabVIEW,
An example of a block diagram is as shown in Figure 1(b).

2.3 Data Acquisition (DAQ)

DAQ hardware is a device that acts as an interface between
a computer and external signals i.e. analog signals. digital
signal. sensors. transducers, etc. Figure 1(c) shows a
structure of how DAQ works. [5-7]
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(b) Block Diagram

(¢) Structure of how DAQ works

Figure 1. LabVIEW Environment

3 CONCEPTUAL DESIGN

The concept is o design a smart monitoring system for a
modern renewable energy micro-grid system. The overall
system considered in this paper consisted of solar plant,
wind plant, load and storage system as shown in Figure 2.

ANGLE | INF TDIAGRAM FOR SELECTED POWFR SYSTEM

| ENERGY |
WIND 4 1OAD 4 | STORAGE |

Figure 2. Overall concept for a smart grid monitoring
3.1 Hardware Configuration
The structure of smart monitoring system of solar plant,
wind plant, load and storage system are shown in Figure 3-5

respectively. These structures have two meter to measure
both the DC side and the AC side of a micro-grid system.

-
r TN
-

|

SOLAR POWER PLANT
MONITORING .
4

: | et s s

o [ ] \l
— pAQ —— —_— %

Figure 3. Solar plant monitoring structure
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Figure 4. Wind plant monitoring structure

LOAD & STORAGE MONITORING

[ESEE

Figure 5. Load and storage configuration structure

3.2 System Functionalities

For the smart monitoring program. the designed concept is
that the proposed program has a simple and easy to
understand function even for beginners. The other features
are to be capable of measuring. monitoring and analyzing
accurately. capable of displaying data quantitatively and
qualitatively, capable of detecting faults. The program
should also be available for monitoring three-phase energy
systems i.e. wind and solar. And since the program is
flexible. some other features can be added later on.

4 IMPLEMENTATIONS

The LabVIEW program designed to monitor an energy
system will start by getting the basic data needed for
analysis: voltage and current. They are sent to LabVIEW via
DAQ. Voltage needs to be reduced so it does not exceed
10V (maximum for DAQ Model USB-6212). The results
will be shown in the main monitoring tab. The other
parameters such as temperature, wind speed, solar radiation,
etc. will be converted into a voltage signal before being sent
to DAQ for further analysis.

4.1 Hardware Requirements

The devices used with the designed LabVIEW measuring
program are:

e PC or Laptop with LabVIEW program

o NI DAQ Model: USB-6212

e Current Transformers (CTs)

Potential Transformers (PTs)

Sensors i.e. thermistor, solar irradiation sensor, wind
vane. anemometer, elc.
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4.2 Software Implementations

The software is designed mainly for solar and wind energy
system. As for the battery and load. their parameters are
shown as part of these two systems. The operational
structure of the software implementation is shown in Figure
6. There are 3 main parts of the implementation: initial
Section, control section and multi-tab monitoring.

1

A NS S |

- 1 RunSiop
t Initial Sec —® 2 Sola or Wino
L 3 Cpomtng Mose Selection

1 Wonttoring miode:

1 Contl Secton L 2. Swlateng mooe

M
Hi-tab L g
Functions

Figure 6. Software implementations structure

Al Initial Section

The first part 1s a button to run/stop the program. The second
Is a selection 0 operate on solar or wind (or further energy
systems 1o be designed in the future). Then. the two
operating modes selection (see also Control Section): the
monitoring mode and the simulating mode. The front panel

i
b

R

e

| '
|
]

Figure 7. Front Panel and Block Diagram for the initial section

B) Control Section (Mode Selection)

The basic  parameters can be  received. cither  from
monitoring mode or simulating mode. The monitoring mode
received real-time input signals via DAQ and sends them for
analysis in the multi-tab monitoring explained in the
following section. There are two sub-modes to the
simulating mode: one is simulation via DAQ and the other is
manual simulation by users.

e DAQ Simulation: The DAQ device has a function to
simulate signals. This sub mode is designed that DAQ
automatically simulates voltage. current, frequency and
phase.

e Manual Simulation: The basic parameters are manually
customized by users via the designed simulation panel:
voltage. current, frequency and phase.

C) Multi-tab Monitoring
The multi-tab monitor shows real-time system data along the
operating period. There are 9 tabs monitoring and each tab
represents the following features:
® Parameter: shows overall system parameters e.g. V. 1. S.
» Waveform: shows systems specific data and waveforms



e VI Phase: shows each phase V, I data and waveforms
e Power Phase: shows ecach phase S, P, Q data and
waveforms
e Power 3-Phase: shows three-phase S, P. Q data and
waveforms
e % THDv, % THDi: shows total harmonic distortion
® SAVE: record signals and data
e REPORT: import and display saved data
e STATUS: shows Fault event status and alarm
Figure 8 shows these multi-tab features: (a) Parameter. (b)
Waveform. (c) VI Phase, (d) Power Phase, (e) Power 3-
Phase. (f) %THDv. % THDi. (g) SAVE. (hy REPORT and (i)
STATUS

- a
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td) Power Phase
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Figure 10. Hardware set up for calibration

A) The ratio calibration

Test for the tolerances of the CTs and PTs to assure the
accuracy. The calibration uses three-phase power supply.
CTs and PTs with three-phase star-connected load
(incandescent lamps). The input voltage supply in this
experiment 1o the load is 20%-110% of 220Vrms. The result
from ratio calibration is shown in Table | and the
verification test result done after calibrating is shown in
Table 2.

Table 1 CTs and PTs ratio calibration

i I

(h) Repon (1) Status

Figure 8. The multi-tab monitoring display

5 EXPERIMENTAL RESULTS

5.1 Accuracy Verification

The data collected from the proposed method will be
compared with the data from the referenced measuring
device. The hardware configuration for the verification is
shown in Figure 9-10. This verification process consists of 5
stages:

Current Transformer Potential Transformer
Phase Nameplate Actual Nameplate Actual
Ratio Ratio Ratio Ratio
A 40 4428 50 49.32
B 40 43.65 50 49.32
C 30 1580 | 50 19.41
Table 2 Test after ratio calibration
Phase_ | VY | 1A) S(VA)
CA-8335 Qualistar+ 2040 1.68 368,30
A DAQ and LabVIEW 205 ] 1.67 167.85
% Error 0.091 1 0595 0.122
L CA-B33S Qualistar+ 22070 | 1.68 369.9)
B DAQ and LabVIEW 22130 .68 372.%9
% Error -0.271 0 .808
CA-8335 Qualistar+ 219.40 1.67 30630
C DAQ und LabVIEW 22013 173 X160
“%eError -0.333 -3.592 -4.177

B) Phase angle calibration (caused by CTys)

The possible instruments that can cause phase shift are CTs
and PTs because they are comprised of a core and coil.
When tested and compare the phase shift of the two: voltage
and current, it is shown that only current has a phase shift.
Therefore, phase angle calibration is conducted with linear
and non-linear load. The result from the experiment shows
that with different load. the phase angle calibration differs.
An example of linear load test is shown in Figure 11. Table

3 shows the result phase angle calibration of linear load.

=" e
_— - -

(h) DAQ and LabVIEW
Figure 1. Linear load phase shift

(1) CA-8335 Qualistar+




Table 3 Phase angle calibration
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Table 7 Parameters comparison for non-linear load test

CTs Phase Angle Calibration (Degree) Nou-Linear Load
Phase A 12,509
Phase B 817 Phase A Phase B Phase C
Phase C 13,00 Par CA- DAQ CA- DAQ CA- DAQ
8335 and 8335 and 8335 and
C) Frequency variation Qualist | LabVl | Qualist | LabVl | Qualist | LabVi
. i 5 . A 8 ar+ EW ar+ LW ar+ EW
This test used function generator to generate sinusoidal prgen 00 | 25020 | 3040 | 35103 T
signals at various frequency: 50 Hz, 150 Hz, 1 kHz, 1.5 kHz T UTe 078 o7 FET 78 P
to 2.5 kHz. and record the frequency measured by the S(VA) 17470 | 17096 | 17300 | a7am2 | 1mieo | 17677
designed program. The results are compared 1o the P W) R.50 4510 810 — 4770 862
referenced device shown in Table 4. Q(VAR) 15050 | 14604 | 14070 | 15059 | 14840 | 15541
Table 4 Test for frequency variation PF 0.51 0.52 0.51 0.51 051 048
Function Gemersiny LabVIEy Erroc Prreentage THDY (%) | 1o0 173 150 182 1.90 192
Frequency (Hz) Frequency (Hz) (%) - — - =
50 50.01 -0.020 THIY (%) 1010 11.34 10.20 10.78 10.20 11.20
150 150,08 40.053
1000 1001.26 0.126 .
T500 [Enyes YT 5.2 Online Measurement _ ‘ _
2500 249942 0.023 The two computers or laptops using this designed program

D) Total Harmonic Distortion

Voltage and current harmonics are analyzed by conducting
RL. Load test. From the comparison of the designed
measuring instruments (DAQ and LabVIEW) and referenced
measuring  device (CA-8335 Qualistar+), the harmonic
distortions are shown in Table § and example of phase A in
Figure 12.

Table 5 Total harmonic distortion comparison

Total Harmonic Distortion { % )
Phase CA8335 DAQ and
Qualistar+ LabVIEW ST
A 1.4122 1.4576 -3.151
B 3513 RIS 3847
C 1.3720 I 14349 3584

() CA-8335 Qualistar+ (h) DAQ and LabVIEW
Figure 12. Total harmonic distortion comparison in phase A

E) Experiment using Linear load and non-linear load

The experiment data of the proposed device was compared
with a reference measuring device (CA-8335 Qualistar +) at
220V, 50Hz. The results of the test are shown in Table 6-7.

Table 6 Parameters comparison for linear load test

Linear Load
Phase A Phase B Phase C
Parameter CA- DAQ CA- DAQ CA- DAQ
8335 and 8335 and 8335 and
Qualist LabVl Qualist LabVl1 Qualist LabVl
ar+ EW ar+ EW ar+ EW
Viv) 220.40 220 20 22070 221.30 21940 22013
I1(A) 1.64 1.67 1.6% 1.68 1.67 1.73
S(VA) 368.30 367 RS 369.90 372.89 36630 381 60
P (W) A6K.30 6738 36990 37307 6630 38039
Q (VAR) 0.50 13,25 3.30 11.75 310 27.60
PF 1.00 ). 94994 1.00 0.9995 1.00 04997
THDv (%) 1.90 1.97 1.90 2.03 1,90 1.87
THDi ( %) 2.00 204 210 21 1.90 1.99

need to be connected through the internet, so the measuring
data can be translerred online. There are two ways of doing
this: one is using remote access software i.e. TeamViewer,
the other is using LabVIEW online features as shown in
Figure 13.

(b) LabVIEW
Figure 13. Online Measuring using LabVIEW

(a) TeamViewer

5.3 Data Recording

The recording can be done in two ways: one is recording
data by the desired time interval and the other is recording
data by the desired numbers of cycle. The parameter data
will be recorded in a file via the SAVE tab. This function
recorded  all parameters: voltage, current, power, solar
irradiation. wind speed. temperature, etc. An example of
recorded data file 1s shown in Figure 14 (a).

5.4 Fault Event Alarm

The fault alarm is in the STATUS tab as shown in Figure 14
(b). It will detect overvoltage, undervoltage, frequency
variations according to the base value customized by users
and the IEEE Std. 1159-1995 [1]. If fault occurs, it is set to

show on the status panel and recorded in a file
automatically.
- e e
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(1) Recorded file (b) Fault event alarm

Figure 14. Example of 5.3 and 5.4




5.5 Real-Time Measuring

The designed program was used to measure the actual
renewable energy system, in this case, solar and wind energy
system. The measurements of the solar irradiation, wind
speed, wind direction, temperature, humidity and the power
output of solar cells are performed using sensors sending the
signals via DAQ 1o LabVIEW to do real-time processing
and recording as shown in Figure 15.

Fom Radiation Serscn (Daisdd 50

Anemometss (Dass 15111 -1 .
WIT Tharmistar Sensar —

-
Pty Sersor (k53301 I,_ g

wrwrrdsateoaleie v, 0

nmpter a Program LabvIEW

Figure 15. System Diagram

The experiment was conducted at a laboratory within the
KMITL, Bangkok on May 17, 2015, for three hours. The
purpose of this is to assure that the program runs perfectly
during the real-time monitoring. The experiment  was
divided into two parts:

A) The DC Inpur: mcasures wind speed, temperature,
humidity, solar irradiation, DC power. voltage and current.
The experiment used anemometer (Davis 7911) and one
solar panel of 245W and 50 units of 100W incandescent
lamps as a single phase load to the system. The results from
the experiment are recorded and plotted. Example of the
plotted data is shown in figure 16.

Aot Tempenatore 170 )

Figure 16. The relauonship of energy. solar irradiation.
temperature, power and time

B) The AC Quiput: measures paramelers after an inverter
i.e. AC power, voltage and current, power factor. %THD.
The experiment is conducted at 230V, single phase with
55W LED light as load. The results from the experiment are
recorded and plotted. Example of plotted data i1s shown in
figure 17.

Figure 17. The relationship of S, P, Q and time
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The designed measuring equipment worked effectively in
both wind and solar energy and was able to meet the prior
objectives of measuring in both quantitative and qualitative
data and to get input from sensors such as wind speed, wind
direction. solar radiation. temperature and humidity
efficiently. These various parameters can be taken into
consideration for the installations of renewable energy
generation such as wind or solar energy. Although this
experiment was conducted in a single phase system. the
designed program is capable of monitoring in a three-phase
system as the verification process cover all the three-phase.

6 CONCLUSIONS

The proposed method of measuring and data recording for
renewable energy systems using DAQ and LabVIEW, are
designed to have the ability to measure various electrical
parameters and to determine power quality parameters. The
designed instrument can also simulate and analyze the
signals. It 1s also designed to be able to record parameters
and detect faults. The recording can be done in two ways:
one is recording data by the desired time interval and the
other is recording data by the desired numbers of cycle. The
fault event alarm will detect overvoltage, undervoltage. and
frequency variations. This virtual monitoring instrument
operates in both normal conditions and when fault occurs.

The advantages of the proposed device are plenty. It can
detect various parameters and recorded automatically. It can
measure and analyze parameters accurately. It can also be
used via remote control. When compare the prices and the
performance this proposed instrument has given, it is totally
worthy than some of the traditional measuring devices.
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