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Data Collection Management Program for Smart Factory
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Abstract: As the 4th industrial revolution based on ICT is progressing in the manufacturing field, interest in building smart
factories that can be flexible and customized according to customer demand is increasing. To this end, it is necessary to maximize
the efficiency of factory by performing an automated process in real time through a network communication between engineers
and equipment to be able to link the established IT system. It is also necessary to collect and store real-time data from
heterogeneous facilities and to analyze and visualize a vast amount of data to utilize necessary information. Therefore, in this
study, four types of controllers such as PLC, Arduino, Raspberry Pi, and embedded system, which are generally used to build a
smart factory that can connect technologies such as artificial intelligence (Al), Internet of Things (IoT), and big data, are
configured. This study was conducted for the development of a program that can collect and store data in real time to visualize
and manage information. For communication verification by controller, data communication was implemented and verified with
the data log in the program, and 3D monitoring was implemented and verified to check the process status such as planned

quantity for each controller, actual quantity, production progress, operation rate, and defect rate.
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Table 1. 1/0 allocation for PLC controller.

Digital in Digital out
Address Allocation Allocation Address
0 X0 D502.0 D500.0 YO
1 X1 D502.1 D500.1 Y1
2 X2 D502.2 D500.2 Y2
3 X3 D502.3 D500.3 Y3
4 X4 D502.4 D500.4 Y4
5 X5 D502.5 D500.5 Y5
6 X6 D502.6 D500.6 Y6
7 X7 D502.7 D500.7 Y7
8 X8 D502.8 D500.8 Y8
9 X9 D502.9 D500.9 Y9
10 X10 D502.A D500.A Y10
11 X11 D502.B D500.B Y11
12 X12 D502.C D500.C Y12
13 X13 D502.D D500.D Y13
14 X14 D502.E D500.E Y14
15 X15 D502.F D500.F Y15

Control PC

Ethernet
Communication

=2 e

USB Serial Communication

Data Server

Mitsubishi Electric PLC

Fig. 1. Configuration of controller.
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Fig. 2. Ladder program for PLC control.
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N z 3 3 5 5 Z 0 C T T Table 2. 1/0 allocation for Arduino controller.
Digital in Digital out
No Allocati Allocati
Address . oca .1on R ocd .1on Address
(Binary signal) (Binary signal)

0 D2 Oorl Oorl D8
& 1 D3 Oor2 Oor2 D9
5 ool -
T R 2 D4 Oor4 Oor4 D10
@ - o 3 D5 0or8 Oors8 D11
12 s —1 —O0—]
& [} & 4 D6 Oorl6 Oorl6 D12
i ks = 5 D7 0 or 32 0or32 DI3
15 (w6 O
16 :50:—:I| s -
o I Analog in
18 1 No
I - Address Allocation (10 Bit)
e = 0 A0 0~ 1023
22 (L —“-
24 i 3

#include <Arduino.hs>

uint8_t currentDigitalinput — 0;

uint8 t prevDigitalOutput, currentDigitalOutput — 0;
uint8_t tempBuffer[200];

String recivedata;

//PacketSerial myPacketSerial;;

uint8_t ReadDigital Pins{void);

void WriteDigitalPins(uint8_t data);

void onPacketReceived(const uints_t* ) );

void loop() {
currentDigitalinput = ReadDigitalPins();
(currentDigitalOutput);

currentDigitalinput);

analogRead(0));
W),
recivedata = O
if(recivedata != "™){
currentDigitalOutput = recivedata 0
WriteDigitalPins(currentDigitalOutput); }
(100);

}
uint8_t ReadDigital Pins(void){

. void ins(uinta_t (
uinté ¢ data=0; oid WriteDigitalPins(uinta_t data){

(8, data & 0x01),

data = ( (2) & 0x01); (@, (data>>1) & 0x01);

data = ( (3) & Ox01)<<1; (10, (data>>2) & 0x01);

data |= ( 4) & Ox01)<<2; (11, (data>>3) & 0x01);

data |= (5) & 0x01)< <3, (12, (data>>4) & 0:01);

data |- ( (6) & 0x01)< <4 (13, (data>>5) & 0x01); )

data |= ( (7) & Ox01)<<5; void onPacketReceived(const uints_t* ) it
return data; } nt sendsize = 10; }

Fig. 3. Program for 1/O control.
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Table 3. 1/O allocation for Raspberry-Pi control. #include "string.h"
uint8_t rx_Data=0;
uint8_t rx_Data_Buffers[100]:

uint8_t rx_Data Buffers_counter=0:

Digital in Digital out

No Allocation Allocation
Pin number K i R i Pin number uint8_t tx_Data_Buffers[100];
(Binary signal)  (Binary signal) GPIO_PinState INPUT_state[6]:
GPIO_PinState OUTPUT _state[6]:
0 No. 7 Oorl Oorl No. 29 i )
uint8_t input_data = 0:
1 No. 13 Oor2 Oor2 No. 31 uint8_t output_data = 0:
uintl6_t adc_data = O
2 No. 15 0or4 0or4 No. 32 HAL_UART Receive IT(&huart3, &rx Data, 1);
while (1){
3 No. 16 Oor8 Oor8 No. 33 INPUT state[0] = HAL GPIO ReadPIn(DZ GPIO Port. D2 Pin):
INPUT _statc[1] - HAL_GPIO_RcadPin(D3_GPIO_Port, D3_Pin):
INPUT state[2Z] = HAL GPIO ReadPin(D4 GPIO Port, D4 Pin):
4 No. 18 Oorlé6 Oorle6 No. 37 INPUT _state[3] = HAL_GPIO_ReadPin(D5_GPIO_Port, D5_Pin):
TNPUT _state[4] = HAI._GPIO_ReadPin(D6_GPIO_Paort, N6_Pin):
INPUT _state[5] = 1IAL_GPIO_ReadPin(D7_GPIO_Port, D7_Pin):
5 No.22 0or32 - - A
inpul_dala - INPUT_slale[0] | INPUT _slale[1] << 1 | INPUT_slale[2] << 2
| INPUT _state[3] << 3 | INPUT_state[4] << 4
| INPUT _state[5] << 5:
OUTPUT _ctate[0] = output_data & O0x01:
OUTPUT_state[1] = output_data>>1 & 0x01:
OUTPUT _statc[2] - output_data>>2 & 0x01:
OUTPUT state[3] = output data>>3 & 0x01:
OUTPUT_state[4] = output_data>>4 & 0x01:
OUTPUT _state[b] = output_data>>h & Ox01:
HAL_GPIO_WritePin(D8_GPIO_Port, D8_Pin, OUTPUT_state[0]):
— HAL_GPIO_WritePin(D9_GPIO_Port, DY_Pin, QUTPLT_state[1]):
— Tewman]] HAL_GPIO_WrilePin(D10_GPIO_Porl. D10_Pin, OUTPUT_slalel2]);
| HAL_GPIO_WritePin(D11_GPIO_Port, D11_Pin, OUTPUT _state|3])
o ———— e = HAL_GPIO_WritePin(D12_GPIO_Port, D12_Pin, OUTPUT _state[4]):
e || HAL_GPIO_WritePin(D13_GPIO_Port, D13_Pin, OUTPUT _state[5])
—_— HAL_ADC_Start(&hadel):
oo § HAL_ADC_PollForConversion(&hadcl, HAL_MAX_DELAY):
= adc data = HAL ADC GetValue(&hadcl);
i = HAL_ADC_Stop(&hadcl)i
sprintf(rx_Data_Ruffers. "%d.%d %d\r", output_data, input_data, ada_data):
T —— — = Ty s 1IAL_UART_Transmit(&bhuart3, tx_Data_Duffers, strlen(tx_Data_Buffers), 10);
- 5 HAL_Delay(1000):
] ey W 1y
i : e static void recieveRXDataEvent(uint8_t +date){
= e output_data=atoi(date)i  }
L] void HAL_UART_RxCpltCallback(UART_HandleTypeDef »uartHandle}
s if(uartHandle—>Instance == huart3.Instance){
rx_Data_Buffers[rx_Data_Buffers_counter] = rx_Data:
T if(rx_Data == "\r'{
R rx_Data_Buffers|rx_Data_Buffers_counter+1] = "\0';
recieveRXDataEvent(rx_Data_Butfers):
o rx_Data_Buffers_counter=0: }
else{ rx_Data_Buffers_counter++: }
HAL_UART_Receive_[T(&huart3, &rx_Data, 1) }}
Fig. 4. Program for for Raspberry-Pi control.
Fig. 5. Program for control embedded system.
Table 4. 1/O allocation for embedded controller.
Digital in Digital out
No Pin number Pi Allocation Allocation Pi Pin number
1n name . . . . 1n name
/User label (Binary signal) (Binary signal) /User label
0 D2 PF15 Oorl Oorl PF12 D8

1 D3

PF13

0or2

Oor2

PD15

D9

D4

PF14

0or4

Oor4

PD14

D10

D5

PF11

Oor8

Oor8

PA7

D11

PF9

Oorl6

Oorl6

PA6

D12

2
3
4 D6
5 D7

PF13

0or32

0or32

PAS

D13

Analog in

Address

Allocation (10 Bit)

A0

0~1,023
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private void OnSerialDataReceived(object sender, SerialDataReceivedEventArgs e)

{

if (AllDeviceCom.SerialPort|(int)type].BytesToRead > 0)

{
byte[] buffer = new byte[AllDeviceCom.SerialPort[(int}type].BytesToRead]:
AllDeviceCom.SerialPort[(int)type]. Read(buffer, 0, buffer.Length):
ReceiveBuffer.AddRange(new List<byte>(buffer)):

}

Fig. 6. Program of receive part for data collection of controller.
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Fig. 7. Screen composition for data collection of controller.
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private void OutputltemCheckChanged(object sender,
DevExpress.XtraEditors.Controls.ltemCheckEventArgs e)
{

CheckedListBoxControl checkedListBox = (CheckedListBoxControl)sender:

DigitalData item = (DigitalData)checkedListBox.Getltem(e.Index):

SetDatal.ogMemoEditText($"The {item.name}
{item.pinState}."):
//digitallnputDataArray[e.Index].pinState = item.pinState:

item with the f{item.id} value is

plc_output_data = 0:

for (int num=0; num< DataModel.digitalOutputDataArrayList[(int)type].Length:

num-++)

if(DataModel.digitalOutputDataArrayList[(int)type][num].pinState)
{

plc_output_data |= 1 << num:

}
if(PLCConDockPanel. Visibility ==
DevExpress.XtraBars.Docking. DockVisibility. Visible)

{
int ret = AllDeviceCom.ActUtilType.SetDevice("D500", plc_output_data):

Fig. 8. Program of transmitter part for sending data to the controller.
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Fig. 10. Implementation of 3D modeling for verification.
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