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A Study on Remote Control of Inverter Based on VLC for SMART FEMS
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Abstract - There is a high demand for energy efficiency improvement of factories that make up a large part of national
electric energy. Therefore, research on smart FEMS technology for monitoring, analyzing and controlling energy consumption
patterns is under way, but there is still a lack of research on detailed element technology for communication and control
inside the factory. In this paper, we proposed OFDM VLC system based on MODBUS protocol for communication between
gateways, sensors, and devices to implement smart FEMS in indoor factory environment. Assuming a conveyor belt load
control, we validated the proposed system by simulating the inverter motor control and checking the performance.
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Fig. 1 Smart FEMS system
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Table 1 Comparison between short-range wireless communication methods

VLC WiFi BLE LoRa NB-IoT
Standardization IEEE 802.15.7r1 IEEE 802.11 Bluetooth v4.0 LoRa Aliance 3GPP Rel.13
Bandwidth 400-800THz 20~100MHz 2MHz 125~500kHz 200kHz
Chirp Spread
Modulation IMDD / OFDM BPSK, 256QAM GFSK b sprea QPSK, 16QAM
Spectrum
Band Visible light ISM ISM Unlicensed band Licensed band
L Indoor, Indoor, Device to Device Outdoor, Outdoor,
Characteristic . . .
High Data rate High Data rate Connection Low Data rate Low Data rate
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Fig. 2 Smart FEMS system in indoor base on VLC

3. MODBUS Z2EZ

REHAE MZEAH], AA, 7171 s AojE = JAXE 1997
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Fig. 3 MODBUS-RTU Comm. Message Frame

# 2 MODBUS Query HAIA Z&¢
Table 2 MODBUS Query Message Frame

Field Size Contents
Address 8bit Station Number(0~247)
Function 8bit Function Code to slave
. Data will be filled with Function
Data nx8bit
related Code
Error Check 16bit Error Checks

¥ 3 MODBUS response HAJAX] Z&|Y
Table 3 MODBUS response message frame

Field Size Contents
Address 8bit Slave station number
. R Requested function code
F
unction gbit (0x80 ; Error Occurred)
Data will be filled with function
Dat: 8bit
ata et related Code
Error Check 16bit Error Checks
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Code & YFAIISOH 3410] Qg A0 841 gz wat
sttt J2]a £Elol8E Query Message 41 £ 35HIOJEO
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Fig. 4 VLC Comm. System based on OFDM
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# 4 AHE FIE HAIA =Y
Table 4 Inverter Message Frame for Fwd. Rotation

01 06 00 08 00 02 89 Cc9
Slave
Functi F d
station unetion Start address orw?r Error check
code rotation
No
¥ 5 QIHH SEF0l 50Hz WAIA ZQ
Table 5 Inverter Message Frame with 50Hz
01 06 00 0D 13 88 15 5F
1
S aYe Function Start Forward
station . Error check
code address rotation
No
[ ]
_osf B
g 06 [ B
2
= 04 B
02 -
o— L L L 1 L L ]

o

20 40 60 80 100 120 140
Bitstream

18 5 MODBUS-RTU S2IHAIR] HIE AEH
Fig. 5 MODBUS-RTU Comm. Message Bit Stream
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Fig. 6 Comparison between OFDM Signal and AWGN
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BER vs SNR[General OFDM 16QAM]
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Fig. 7 BER of General OFDM with 16QAM

BER vs SNR [Proposed LED Comm. with MODBUS]
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Fig. 8 BER of Proposed LED Comm
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