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Development of General-Purpose Remote Maintenance Controller
Gateway for Multi-Modal Photovoltaic Equipment
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ABSTRACT

In recent years, the PV plant is gradually increasing in korea and has begun to focus on PV system
O&M(Operation and Management). The legacy PV system can hardly be gathering realtime information.
That is why it is difficult for the facility to respond immediately to situations in which problems arise.
This leads to economic losses due to reduced power generation. In this study, we implemented an
RMC(Remote Maintenance Control) gateway that supports multi-area equipment(inverters, junction
boxes, switchboards, environmental sensors) that are not limited to specific manufacturers. It provides
a function to visualize the collected data. Users can easily check the power generation and operation
status of PV system equipment. In the future, we will develop an algorithm capable of analyzing beta
factors that cause equipment performance degradation, parts aging, and deterioration using data collected
from facilities. We intend to use this algorithm as a fundamental technology for O&M by transplanting
it to the RMC gateway.

Key words: PV System, Renewable Energy, Solar Energy, Operation and Management, Remote
Terminal Unit, Modbus
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Fig. 1. PV System Overview,
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Fig. 2. Communication Architecture of Master and Slave,
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Protocol Data Unit (PDU)
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G Data CRC End

start Slave ID

3.5 byte 1byte 1byte 0 up to 252 byte(s) 2bytes | 3.5byte

Application Data Unit (ADU)

Fig. 3. Frame format of 2EHA RTU,
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Table 1. performance comparison of proposed RMC Gateway and other products

Proposed RMC

Other Companies Equipments

Power

Inner DC/AC Converter

220V AC

External Communication
Method

Ethernet/Wireless/LTE

Ethernet

Main Function

System check/Control

Shallow Watch

Server

Cloud DB/

Device

. DB d
Connector R-Engine recon
Service Routine Inspection Report / Real time Inquiry/Print/
test/Condition Monitoring Condition Monitoring
Applicable Inverter/Junction box/ Environment Limited Manufacture company

Sensor/ Distribution switchboard

Inverter
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Fig. 4. System Architecture,
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1.SYN

’ Server l

2. SYN+ACK

3. Request Packet

4. Respond Packet

Time for Receive Data(each channel)
5. Receive End Bit

= 7.Send Data

J

Fig. 7. Sequence Diagram for Communication of Facility,
RMC, and Server,
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Table 2. Protocol Configuration of DassTech’s Inverter
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Request Packet (Out — Inverter)
HEADER CMD
Name SOP CODE 1D Optionl Option2 Address
Size 1 byte 1 byte 3 bytes 1 byte 1 byte 1 byte
Respond Packet (Inverter — Out)
HEADER
Name SOP CODE Address Length ID DATA CHECKSUM
Size 1 byte 1 byte 1 byte 2 bytes 3 bytes ~20 bytes 2 bytes
Table 3. Protocol Configuration of HexPower’s Inverter
Request Packet (Out — Inverter)
Name ENQ ID CMD START COUNT | CHECKSUM EOT
Size 1 byte 2 bytes 1 byte 4 bytes 2 bytes 4 bytes 1 byte
Respond Packet (Inverter — Out)
Name ACK 1D CMD START DATA CHECKSUM EOT
Size 1 byte 2 bytes 1 byte 4 bytes 4XE§S§T 4 bytes 1 byte
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ooz THITE WA AdE o] AV EA A AA B Fig. 12&= RMC Aol ESol & T3l +3
%, 7 A2 ofolzo] Wskgto =R Tel Al B oS ALgste] THT B W slolH ol
A ANAHow F@FT} Fig. 112 A= A Hof Fig. 12¢] Td4es B =74 783 RMC Al°lE
AAE HFBTHL ARE FASEAA P2E 9ol 3E Aol Eolth @t Wzl A Hol
dejz TAAt N BAAAS ARANY, LE)E BASE 9

& olag =5
pow_idx nt{11)
I 2 powid nt{11)
pow_date date
1 4 pow.time time
5 pow_dov
m G pow_dca
T opvuvr v 23 @
38 pyvspd BE @
38 pv_mcb_open tnyintl1] & 25 @ N
1 40  pw_earth 1] o B8 g s
141 pv_emer_stop Pl -
(1 4z  inv_oct i @°
43 inv_old Hinyint{1] 1 @
44 inv_ohr D+
45 inv_mc tinyint{1] @4

Fig. 8. Data schema of inverter collected by RMC Gateway.

sx2] |
= S,E%%,H [RUN] 15:07:54.046 # SND : 05 04 04 19 00 05 E1 74 =
INV #2 [RUN] 15:07:54.890 # RCY : 05 04 0A 00 06 00 00 00 02 00 02 0D 00 2C 59
- COMd [RUN] 15:07:57.921 # SND : 05 04 04 2F 00 02 40 B6
INV #7 [RUN] 15:07:58.703 # RCY : 05 04 04 OA FC 74 84 54 CF
INV #4 [RUN] 15:08:01.796 # SND : 05 04 04 41 00 18 AQ 4D
NV [RUN] 15:08:03.015 # RCY : 05 04 30 50 4B 43 5E BA FE 41 50 00 60 46 07 60 FA 47 43 55 3C 47 43 50 00 47 43

00 00 00 00 0D 0O 3F 80 15 04 42 70 AA 4C 46 OB 84 A2 44 06 6C 18 41 84 C1 E7

[RUN] 15:08:06.109 # SND : 02 04 03 E7 00 17 00 44

[RUN] 15:08:07.328 # RCY : 02 04 2E 01 05 00 84 00 01 00 20 00 33 00 4E 00 36 00 33 00 20 00 31 00 32 00 36
00 32 00 36 00 39 00 30 00 37 00 31 00 38 00 4E OO0 4F 00 4E 00 28 04 EO

[RUN] 15:08:07.750 # MH{SE : OK

[RUN] 15:08:10.421 # SND : 02 04 04 19 00 05 EO CD

[RUN] 15:08:11.265 # RCY : 02 04 OA 00 06 00 00 00 02 00 02 00 00 27 1E

[RUN] 15:08:14.296 # SND : 02 04 04 2F 00 02 41 01

[RUN] 15:08:15.078 # RCY : 02 04 04 0B 22 15 24 64 21

[RUN] 15:08:18.171 # SND : 02 04 04 41 00 18 A1 17

[RUN] 15:08:19.390 # RCY : 02 04 30 4E DC 43 5E SF 22 41 4C F7 5D 46 03 54 08 47 43 50 CB 47 43 50 00 47 43
00 00 00 00 0D 00 3F 80 18 13 42 70 53 FO 46 07 76 54 44 06 C9 AS 41 81 49 3E

[RUN] 15:08:22.484 # SND : 03 04 03 E? 00 17 01 95

[RUN] 15:08:23.140 # MHSE @ OK

[RUN] 15:08:23.687 # RCY : 03 04 2E 01 05 00 84 00 01 00 20 00 33 00 4E 00 36 00 33 00 20 00 31 00 32 00 36
00 32 00 38 00 33 00 30 00 37 00 31 00 38 00 4E 00 4F 00 4E 00 28 64 46

[RUN] 15:08:26.796 # SND : 03 04 04 19 00 05 E1 1C

[RUN] 15:08:27.640 # RCY : 03 04 OA 00 06 00 00 00 02 00 02 00 00 25 9F

[RUN] 15:08:30.671 # SND : 03 04 04 2F 00 02 40 DO

[RUN] 15:08:31.453 # RCY : 03 04 04 0A 04 B2 OF AF 65

[RUN] 15:08:34.546 % SND : 03 04 04 41 00 18 AD C6

[RUN] 15:08:35.765 # RCY : 03 04 30 00 35 43 5E BC A3 41 36 7C 93 45 EB 58 76 47 43 70 F1 47 3C 50 00 47 43
00 00 00 00 0D 00 3F 80 20 08 42 70 79 14 45 F3 01 2E 44 07 19 IF 41 67 B1 26

[RUN] 15:08:40.734 # MHSE @ K

m

Fig. 9. Encoded operation log from solar facility data with RMC Gateway.
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Table 4, System Development Environment 2 53 % 9ot
Category Description AESHE 71E RTU A28 gopgaelA o

Server Construction Tomcat Server(WAS) O E &3 2 ALt E29Ee g &

Databases MariaDB 2 g w3 Au) A g 2 2FAA o
Language C#, Java, PHP, HTML 7RSS Aleke] EART B =RolA Ak
RMC Alo|Egjel& ol2|d AlfatatS st 5
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Fig. 12, Power generation status page based on installed site,
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