) JANT e,
of
—_4

J. Adv. Navig. Technol. 24(6): 620-626, Dec. 2020

2f=H|2[x0|=E 0|&st Modbus TCP 7[dF Ef2t HxiA DL[E{E] A[AH]

Modbus TCP based Solar Power Plant Monitoring System using
Raspberry Pi

g g

B B S-S 14
=3

et o A XIT=k 2t

Jin-Hwan Park - Chang-Bok Kim'
Department of Energy IT, Gachon University, Gyeonggi-do, 13120, Korea

[ o

1 AT 10T F01<] k2] sho] & k2Bl masten) = 0185151 QIENE 2ol o] slave) = 3o FLEW] 2 TP B41S 7]
B e T E] AR Aoktsin B R ale chzielstold] e AME F7ksto] By sl U Pe] Ba
BT TG OM, WAL WA )5S B WA )53 RUEP GG SokE EOR ST = A vl
A2 A% AYEE YRS lolE 2 TESHO, B 5L A% Held RS Sratel Basic A

A2 A QJIME oA gf=mg]oho] 2 HEW 2 TCP 7[Hko. 2 QHY Al B4lo] 7Fa31olar, efu|glato]ol A slesy Hed =dl
2 AL o Fo] 7F5slelth A= Bldlo]E & theket Held BEl Sl 7FEsllon, LSTMe| 8k5 2.4} 0.0069, HI~E 9
2} 0.0075, RMSE 0.0866 ‘5 2.2 7 £ Qs HlS SRIek3it] 2 S thekgh AlzAte] IME]o] tiaijA] K} 1hdkalal
Afsh] A A5 = Q= AR RYUEE Al2E o] s ES AlAsIeITh

[Abstract]

This research propose and simulate a solar power generation system monitoring system based on Modbus TCP communication
using RaspberryPi, an IOT equipment, as a master and an inverter as a slave. In this model, various sensors are added to the
RaspberryPi to add necessary information for monitoring solar power plants, and power generation prediction and monitoring
information are transmitted to the smart phone through real-time power generation prediction. In addition, information that is
continuously generated by the solar power plant is built on the server as big data, and a deep learning model for predicting power
generation is trained and updated. As a result of the study, stable communication was possible based on Modbus TCP with the
Raspberry Pi in the inverter, and real-time prediction was possible with the deep learning model learned in the Raspberry Pi. The
server was able to train various deep learning models with big data, and it was confirmed that LSTM showed the best error with
a learning error of 0.0069, a test error of 0.0075, and an RMSE of 0.0866. This model suggested that it is possible to implement
a real-time monitoring system that is simpler, more convenient, and can predict the amount of power generation for inverters of

various manufacturers.
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¥ 1. Z=H{A TCP function code
Table 1. Modbus TCP function code.

Memory Name Funtion code Device
Read Discrete Inputs 02(0x02)
Coll Read Coil 01(0x01) Input /
Write Single Coil 05(0x05) Output
Write Multiple Coils 15(0x0F)
Read Input Register 04(0x04)
Register Read Holding Registers 03(0x03) ADC/
Write Single Register 06(0x06) PWM
Write Multiple Registers 16(0x10)

Protocol IDT= ER2EFQ] ofo]t]E YERIH 0x0000 2%
A gkoIt) length 3 Z#|Q ] upx|ulrtx] o] Zo]E Hlo)
E 9] 2 YePAT] unitID= TCP #3227} obd o} 2 4] of
otjolm, TCP XEE+= 0x01 % 317 ]t function codet™ &2
ojHo] |Eg]o] kS ¢}l 2A7] 913k A= MG o|n, REm
TCPE=1,2,4, 5, 6, 15, 16 368 AFE3HC} 3 19 =W~ TCP
9] function codeol] thaA] LR T

REWZ TCPE 16 H|E 9= o H(resisters) T HE 44
(coils)Z} THA] 17|19k 715gk W= e] 9} 91 247]7} 7FE gt v
2|7 Urold ek o]l d Mmal: Zeo] o] we]o]
1, P}~ function codeE ©]-835}0] &@lo|Be] R E
AV dsh= gho® WAT 5= i= Blolvh 26 REW A~

dloE Bfelell thafiA vebltt

¥ 2. 2= Ho[E Efe
Table 2. Modbus data type.

Data model Data type | Read/Write Explanation
. . X Equipment port
Discrete Inputs 1 bit Read-Only status
Coils 1 bit Read-Write changeable
. X Equipment port
Input Registers 16blt Read-Only status
Holding Registers 16blt Read-Write changeable

TCPPORT
Application Memory
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Fig. 3. Modbus TCP memory structure.
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Table 3. Inverter register map.

Function Read Input Register(measurement)
code Reg.addr address parameter
30027 26 Inverter State
30028 27 S/W Fault State
30029 28 H/W Fault State
30030 29 Today Generation Time
30033 - 30034 32-33 Total Generation Time
30035 - 30036 34-35 PV voltage
30037 - 30038 36-37 Inverter DC Voltage
ot 30039 - 30040 38-39 PV current
30041 - 30042 40-41 PV Power
30043 - 30044 42-43 Total Voltage
30045 - 30046 44-45 Total current
30047 - 30048 46-47 Total Active Power
30049 - 30050 48-49 Total Reactive Power
30051 - 30052 50-51 Total Power Factor
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builder = BinaryPayloadBuilder(byteorder=Endian.Big)
registers = builder.to_registers()

client.write_registers(address, registers, unit=UNIT)
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class CustomDataBlock(ModbusSparseDataBlock):
def setValues(self, address, value):
super(CustomDataBlock, self).setValues(address, value)
for a in range(0, 5) :
if value[a] > 32767 and value[a] < 65536 :
value[a] = value[a] - 65536
defrun_custom db_server():
StartTcpServer(context, identity=identity, address=("ip addr, 5020))
block = CustomDataBlock([0]*100)
store = ModbusSlaveContext(hr=block, ir=block)
context = ModbusServerContext(slaves=store, single=True)
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AA5to] StartTepServer 3Hell o)&l] ¥ ch w3k dlolH
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R AP, ANSE 54 AR 7, 154
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HH%L W o 54 218 DNNZ} RNN “128]31 LSTMS:

|2k 2 LSTM 85 R o) o)

g 5 gl The-e A
% 28 A4 120 i ek,

model.add(LSTM(10, input_shape=(24, 5)))

model.add(Dense(1, activation="linear"))

model.compile(loss = 'mse', optimizer =optimizers.SGD(Ir = 0.001))
modelCheckpoint = tf.keras.callbacks.ModelCheckpoint('model 1.hS")
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Table 4. Data structure.

model 24 = keras.models.load_model('LSTMmodel 24.hS")
predict 24 = model 24.predict(x_data)

tlo
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AlZE glolEfr o] 291 sfojojuo] 2ol AFEISIT) tha2 I}
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ref= db.reference('modbus')
name_ref= ref.child('modbus')
name_ref.update({

'Temperature:  temperate, # T22%
'Surface': surface, #HEH2E
'Horizontal' : horizontal, # EH AALZ
'Longitude' : longitude, # 3T LA
'Generation' : generation,  # SIZY M 2
‘Predictionl’ predictionl, # LUXNMZF 0|F 1
‘Prediction2’ prediction2, # 2T 0|5 2
‘Prediction3’ prediction3, # LT 053
‘Prediction24’  prediction24 , # L™ of| 5 4
H)

gfolojulo] = A IHE] Auol B oS Jus
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Ambient Surface Gradient Horizontal Inverter
temp. temp. insolation insolation output
-4 -5 0 0 0
-4 -5 40 0 14
2 1 234 74 159
-1 6 354 179 289
0 9 419 258 821

10 453 304 1174
1 9 412 335 1116
2 ool - [-2, -1, 19, 0, 0]
2¢ dole : [-2, -2, 0, 0, 0]
¢ dlolg : [-8, -2, 0, 0, 0]
g dlolg : [-8, -2, 0, 0, 0]
S& dole : [-8, -3, 0, 0, 0]
S¢ dlole : [4, -3, 0, 0, 0]
¢ dlole - [-4, -8, 0, 0, 0]
g4 oold : [-5, -4, 0, 0, 0]
2¢ dOole : [-5, -4, 40, 0, 14]
2¢ dole : [1, -2, 234, 74, 159]
2¢ OOl : [6, -1, 354, 179, 289]
SE Ololg : [9, 0, 419, 258, 821]
S OoIe : [10, 0, 453, 304, 1174]
S ole : [9, 1, 412, 335, 1116]
S& OOl @ [8, 0, 397, 280, 924]

(a) slave

X128 oold : [-2, -1, 19, 0, 0]
X 1 2" 0ol : [-2, -2, 0, 0, 0]

=% 1 28 Holg : [-8, -2, 0, 0, 0]

ax 1 ¥ dole : [-8, -2, 0, 0, 0]

&x 1 & oolg : [-38, -3, 0, 0, 0]

X 128 OOolIH : [-4, -3, 0, 0, 0]

X 1 28 HO0IH : [-4, -3, 0, 0, 0]
X128 OolH : [-5, -4, 0, 0, 0]

X 1 28 OOIH : [-5, -4, 40, 0, 14]
X 1 2" HOIH : [1, -2, 234, 74, 159]
X 1 2" HOIE : [6, -1, 354, 179, 289]
X 1 2" HOIH : [9, 0, 419, 258, 821]
AXl 1 9 H0IE : [10, 0, 453, 304, 1174]
X 1 2" HO0IH : [9, 1, 412, 335, 1116]
A% 1 QF G0l : [8, 0, 397, 280, 924]
(b) master

a8 6. ZEHA TCP 84l &1t
Fig. 6. Modbus communication result.
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Table 5. Model forecast results.
model Train loss Test loss RMSE
DNN 0.0078 0.0115 0.2344
RNN 0.0077 0.0077 0.0876
LSTM 0.0069 0.0075 0.0866
E 6. AlZHolE A
Table 6. Time forecast results.
Pr(}lfi‘iction Train loss Test loss RMSE
me
1 time later 0.0071 0.0074 0.0857
2 time later 0.0107 0.0118 0.1086
3 time later 0.0117 0.0123 0.1107
24 time later 0.0180 0.0188 0.1370

0.030
= train_loss

= test loss
0.025

0.020

loss

0.015

0010

0 10 2 30 4 0 6 7 8
epoch
O3 7. &5 X2} HIAE 24X}
Fig. 7. Learning error and test error.
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Fig. 8. Actual and predicted values for 20 days.
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- Solar Power Information
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Fig. 9. Firebase real-time database.
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Prediction24 : 561.0
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Fig. 10. Smartphone monitoring screen.
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