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Heterogeneous Equipment Support Monitoring System for
Operation and Maintenance of Solar power plant

Su-Chang Lim*, Seok-Hoon Hong”,
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The number of the PV systems installed in south korea has been gradually increasing. Interest of

operation & management of PV System is rising up as PV System installation trends to increase. The

vital function of operation & management is the monitoring system. Most monitoring systems are only
available for equipment of suppliers and manufacturers. In this study, a monitoring system was im-
plemented to support multi-domain equipment (inverter, junction box, water distribution board, environ—-
mental sensors) that are not limited to specific manufacturers. Monitoring system includes a visualization
function, which makes it easy for users to check the power generation and the operation status of the

equipment of PV System. In the future, this monitoring system will be utilized as an operation & main—

tenance foundation element in the PV system industry.

Key words: Photovoltaic, Solar Power, Monitoring System, Operation & maintenance, Renewable

Energy

Aol FH1aL glom, 53] B gg 2hd2 Aol
HAlel g o8 AAsty 2 1097 BFgEd
&7F F7beke FAloltHAL 2019¢ 71 oE A Al
A BFF A FS F 115GWell 23] ]-51 Qa1 2018
d thH] 83%7F st o] A5, AR Al

A &] F-AHE-(RPS,
5 A | A 3020 5

Renewable Portfolio Standard)
AR By P g =¥g€3

¥ Corresponding Author: Jong Chan Kim, Address:
(57922) Jungang-ro 255, Suncheon-city, Jeollanam do,
Korea, TEL : +82-61-750-3620, FAX : +82-61-750-3620,
E-mail : seaghost@sunchon.ac.kr
Receipt date : Jul. 24, 2020, Approval date : Aug. 4, 2020
"R&D Center, TEF Co., Itd.

(E-mail : suchangLim@sunchon.ac.kr)
" R&D Center, TEF Co., ltd.

(E-mail : seokhoon79@naver.com)

™ R&D Center, TEF Co., ltd.

(E-mail : naksu2l @sunchon.ac.kr)

R&D Center, TEF Co., Itd.

(E-mail : wook0687@naver.com)

iumict Co., Itd. (E-mail : jumict.co.ltd@gmail.com)
Dept. of Computer Engineering, Sunchon National
University

% The research was supported by “Construction Project
of New Energy Industry Software Convergence Cluster”,
through the Ministry of Science and ICT (S0173-16-1002).

Tt

TR
FTHEETE



1172 EZEOICHES ==X M23H X9=(2020. 9)

A=Y 54, 72 59 FFFA (Unused Site)el
PV System HX& SAAGSE gt A 3
o] Bl%FF A HA] FES A E Kol gt
2020 187] M| e 5
7] il 89%7}F 27}5]'03] B gbeFo] A&HIaL ¢
oH5IL

Bl ds 9 2 FARF(O&M: Oper-
ation and Maintenance)ol] &3k &4l o] Z71sta Q)
o, toly &4 7IH& A &3 BdF o =[6-8]

’5
9!
S
mlm
N
4 '“1
15

1__1__

o} QM EE BAO-1314 e LPRARSF
R A2 B4 WS HEW dFd AT}
AYH 3 Yk €9 D AARS ZHAA bY F

83 A2 PV Systeme] @A AH(DC € AC &
A, AR Al 25 A ARE A
o2 HEdokst= Aol PV Systeme] ARE

1A7ke 2 %—s}xl 28 7%, Aol F712 o

2]

= DA e )
0 Az A ol 4G T Aekge] &
A &t

B =FdAe

g

EA Aujo =3
PV System®] #d A5

ZER
¥ %‘%g AAoE sherd 5
%
o

o
z

€ Adsta,

o
=
3

b

T o
offt
12

xe

lo

off ol
>
I
)
m{o
rBL
31
oy
et
r?L
1-11
L
4

>
[
iy
lo

o= 714"4 74’5‘]1 o]7]% #H
(Hex) HolHZ F4E Z9(Raw)
] RTU(Real Time Urut)oﬂ A =] gk
oI & AE-3t] #d S HolHE ¥
CEA, wEE A3gs 24 AA 4 (Lacal
Database)®} 895 A4 (Cloud Database)oll
A7stal o] & AlZbEbske] ARG AL Al TR A AR
A HARE AFIh HFF ZUEL A 2" 7]
NEHZ ALEAoA AR 1A, HHdEE
SA TRt 23] TMEsleE o2 gL
o3t & 5 Aok

L 27l A B &k
EUH Y A 2H

R
T
A8
o

h

)
o

[kl 4> Mo N m
Qe
% r

3
Eg

0
b

L/

o oo T

o

=

= BH“ ol W AR AHARE o
Ashe N2HOE, ARAGOR Q8] 2ATIAE
AT, 71 Wass Pol, TALLE Wz

S FAA o A el

] Fll‘

AERE G, w9 BEvE T

= H
01{1 0131] o](Array )2 FAED. MR g
A AdE ARDOOE ZRACOE ¥
v Bl Z82E AAE AEE e A 3l
dustAY, AR AR AREE S U
g dd A2"S V1A R 78 T
Atk AA, EHF S A AEATH FBQlel =
PR o7 AFote Was T35l =4, As o
A¥ (Grid-Connected PV System)& =% & (Stand-
alone)®] @& Besty] fla A =HATHI6L A
A, 2 UHE HEE F8A
3, FEEo] Y A9 FeAdEd
&3t s FHIT AR, BIPV
(Building Integrated Photovoltaic System)< Roof

Top, Curtain Wall, Balcony, Sunshade, Panel & %
= woﬂ B AnE xse] AYE A,

2ol atel AR L MR gL BHA 2
Ol"/}[lﬂ npR| e o 2 stol Bl = Bl g T Al
gl (Hybrid PV System)2 933 o =2 I3 &
of B7l5@ A%, O BHs)9} B HE SUE

DC AC
Inverter =
| nd—ct.)nnected >, B
<

Commercial

Distribute & Use

Collect Convert

Fig. 1. PV system overview,



Efgads 2RAEFE 28 0013 Edl XA 2UEE A28 1173

8o
)

BT ALY Ay Ml B FY BE
Agkete M ol tH1gl REL BdRe A

o

f
fol
g o

o
ﬁ
©
i
kil
X
2
o
20
z

ZN1dellA F2 A Aste] AFeFa, AsEe B
o & ) WA &S E4A o 5 A H

Atk HZol = 2nAe YZ(Needs)E B4 W5
A7) 938 712 BFF ZUEE AxEe 75S

Zgstel st 715 AFHa Aok

BUEY gl BgEas 236 9
7h Sglom, BA7} Zhersta vl ge] Hu
o] AEH T U} 7% Wae] AL
z4o] M5 A on, WHk B ol
He 204 4ol 717

A, BA EA A g

4
n 2

A

N,

o2
ol
g
z
o o of -

pi=A

S

=2

% .

= o
BN oo N N

2o ol
bl
& s
_‘S,Z
rJ
Hl oR i
2
o

' of

do > o
=

E oo |o
iy
B

ﬁﬁr-[o
>

Moo = @t O

N

e

>z

w
o
S
o &
or Hd
Jo = o

v
)
o
S~
[>
o
flo
2
oft
_O‘L
&l
%0
O

o2
o
@
o,
>
N
i)
rlo
ox
of
2

St AN EHAR, HH
A 2 e 5 Ve 2 il
B, CAFe] 7% AHAF RIME ol 14
skaL glom, DARS] 73 BRALSl QW
I SpARE A H S| JIWEE ?ﬂl%’é‘}
Al AASHA okt & Aol A=
AekA Fal S lollA Az
Wb A ZbsE A 2H S T B
He & &+ e O&Mol 318 A1~

2 8o (>
i) fu}
ko o2
9o
A U

e

Y
o b

r'
o
o
I o
o e o

£ o

> 0
ofr
ol
N
=
>

[
o

[o
N

o e M

3
<

¢

3

rl oL
An)
fr
RIREN

o ol

o _lllTI

e = o o
of
ol

O_t.,
o N
T

9

03
oL
B
T
td
v

N

i

o
o
=
i)
o)
v

3. EHYE ZLIEE A|AR 713
3.1 B ZLIEE AJAR X
ElFg b Al 2Ele] HolE] 3] Ul QIHE

o} 37 A4 dolEolH, RTU(Real Time Unit)&
ol HolH A2 & 895 AHE HolHE
Aok FAHI A 2" FA4L Fig. 27 2o <
HE A THEE HolHe AAZL AEAR, +3
A% g AMEe] S /FARE FAHT, 71 B
S 3 A= H AL AHSlope radiation), 2E
%= (Module Temperature), -3 Y AHLevel radia-
tion), €712 %(Outside Temperature) 2 T4 T}
Zeh-EddA HolE S F& 9 A5 H% 97
A I H o] ~(REST API, Representational State
Transfer Application Programming Interface)& %
df A HR JIHE AR V)Y #S ARE AT
gtk Ao ® oA £ E HeolHE A A3t
o] AR A AlFT

r}o |

Environment sensor

Qutside
Temperature

Module
Temperature

Slopa Leval
radiation radiation

PV String 3

[ mverter | RTUL
Real Time |—
B Unit) DB A
& B P
= |
WAS
(TRCS':‘Q_:) Local DB
CLOuD

dutz o2 Suie] BjeFd 71710 “dEjt ol E
Aol AH&H = T4 rekel dAsA Feh 4 7]
7194 AEE = dolEe #5402 1635 FH
ojth W& e EHl SolstES 1079 22
Fe = Hsfof 3t} 717]ol A Sk tlo]E <
T A, & =9 <Al w2t AFE G AR
5ol dAsHA k. Azt FAfAM ATEHE= T4
ol wel W g2 o] Adolsitt= EAF ol &
A g},

Fig. 3& £ =&A #3837 RTU &ZEH ]9
3 20|tk RTUY AZE o HE AOJE
T80l DBl A#3 717 Kol st HEk
P S AFos deste] #2 29(Hex Raw)dl
°olHE 1032 HsiEtt. 54 717] FAHHA



1174 ZEDIONEE ==X K233 M95(2020. 9)

ozl PV Monitor RTU

AL
_'EfHEF\N'E'T'i; SHE]

- SEHW— [RUN] 09:45:20.989 —-—-

= INV #62 [RUN] 09:45:20,900 —-—-
[RUN] 09:45:20,330 —-—-
[RUN] 09:45:20.930

[RUN] 09:45:20.990 +++ CIHE] #55 : BT &2 06750, 36

[RUW] 09:45:20.989 ++= SIHE] #57 : S IH52 0675096,
[RUN] 09:46:20.59590 Jrar &H| OOIE =&,

[RUN] 09:45:20.930 Jbar ZH| el S5 s

[RUN] 09:45:20.990 —--- FQ 499y, FE 57,954, H06700.360
SHEEEE L 1445

SEEFEER 557054

HELAE @ ad, 2ESF 0 1557054

E A A

=i

WAL @ 44, 2rFEF 0 1551614
EHEEH Com,

[RUN] 09:45:20.990 JhaF ZH| OIOIE =E.
[RUW] D9:45:20.5950 Jr2t ZH| Hel S ol

[RUW] 09:45:20.530
[RUN] 09:45:20,990 —---
[RUW] 09:45:20.990 —---

TE 499Y, ®E 57,954, THE8ETR0. 360
=B 1445
S HEEIF . 1566052

[RUN] 09:45:20.990 ——- HEAE 44, ZTEF @ 1566082

[RUN] 09:45:20, 930 4= OIHHE] #50 : ®I§ &S 8676036,

[RUN] 09:45:20.990 Jhar ZH| OIOIE =&
[RUNT 09:45:20,930 Jk& =HI Fcl 8T w4

[RUN] 09:45:20,990 —--- SE 499y, FR 57964, HE0670. 360
[RUN] 09:45:20.990 —--- =2PRIFEF @ 1445

[RUN] 09:45:20,990 —--- SEEFEF ¢+ 1310200

[RUN] 09:45:20,990 —--- HEAL ¢ M, 2R 1310200

[RUN] 09:45:20.930 +++ 2IHE] #51

[RUN] 09:45:20.930 2H& ZHI DIOIE &,
[RUN] 09:45:20,930 Jkak &H| #Hcl 85 4

[RUW] 09:45:20.990 —--- TS 499y, FE 1159.114, F41735190.380
S PEEEE 28919
THEEEF | 24730

[RUW] 09:45:20,990 —---
[RUN] 09:45:20,990 —---

[RUN] 09:45:20,990 —--- HEAE @ 44, &SR 24783635
[RUNT D3:45:20.930 +++ 2IHE #62 © TIFEE 1736190.36, S (Com, SEEH Run

[OIKT NOAR91 TEE # M SCEE o

e

E & 2] Com,

¢ HINES86750.36, S & L Com,

omn
]
g>

HEH tRun

HEH (Fun

o
1
g>

o
i
U>

HEH :Rur|

o
1
g>

HEH :Run

Fig. 3. Encoded operation log from solar facility data with RTU Software,
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Table 1. Data schema of environment sensor for photovoltaic monitoring system
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Column Data type Default Comment

env_index INT(11) AUTO_INCREMENT Index

env_date DATE NULL DATE

env_time TIME NULL TIME
env_levelsolar FLOAT(12) NULL level solar radiation
env_slopsolar FLOAT(12) NULL slope solar radiation
env_modtemp FLOAT(12) NULL module temperature
env_airtemp FLOAT(12) NULL outside temperature




Table 2, Data schema of inverter for photovoltaic monitoring system.,

H_O
Ha

LIEE ANI2B 1175

Column Data type Default Comment
pow_index INT(11) AUTO_INCREMENT Index
pow_id INT(11) ‘T Inverter id
pow_date DATE NULL DATE
pow_time TIME NULL TIME
pow_dca DOUBLE(22,0) NULL DC Ampere
pow_dcv INT(11) NULL DC Voltage
pow_dcp DOUBLE(22,0) NULL DC Power(W)
pow_acar FLOAT(12) NULL AC Ampere (R)
pow_acas FLOAT(12) NULL AC Ampere (S)
pow_acat FLOAT(12) NULL AC Ampere (T)
pow_acvr INT(11) NULL AC Voltage (R)
pow_acvs INT(11) NULL AC Voltage (S)
pow_acvt INT(11) NULL AC Voltage (T)
pow_acp DOUBLE(22,0) NULL AC Power(W)

pow_pf DOUBLE(22,0) NULL Power Factor

pow_totpower DOUBLE(22,0) ‘0 Cumulative Power(W)

pow_freq FLOAT(12) NULL Frequency (Hz)

Table 3. Cloud and Database Server specification

Specification
Model HPE ProLiant DL 380 GenlO
CPU Intel Xeon S-4110(8core)
RAM 32GB DDR4 ECC RDIM
HDD 10 TB SATA3 (RAID)
(ON] Windows Server 2019 Standard
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