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Abstract: Small-scale production control systems for smart manufacturing are becoming increasingly necessary as the

manufacturing industry seeks to maximize manufacturing efficiency as the demand for customized product production

increases. Correspondingly, the development of an embedded system to realize this capability is becoming important. In

this study, we developed an embedded system based on an open source system that is cheaper than a widely applied

programmable logic controller (PLC)-based production control system that is easier to install, configure, and process than

a conventional relay control panel. This embedded system is system is based on a low-power, high-performance Cortex

M4 processor and can be applied to smart manufacturing. It is designed to improve the development environment and

compatibility of existing PLCs, control small-scale production systems, and enable data collection through heterogeneous

communication. The real-time response characteristics were confirmed through an operation test for input/output control

and data collection, and it was confirmed that they can be used in industrial sites.
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Table 1. ARM cortex series features and uses.

Product name Characteristic Usage
. . Mobile application,
Mobile device . .
Cortex-A L graphic user interface,
optimization .
entertainment
Subminiature, low . .
Universal control device,
Cortex-M power, low cost
sensor networks
development
. High-performance
Real-time . - .
Cortex-R . industrial control device,
processing

network storages

Table 2. Specifications ARM cortex M4 STM32F407ZE.

FCPU Flash RAM Ethernet Camera
(MHz) (bytes) (kB) I/F I/F
168 512 K to IEEE1588 OV09656
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Fig. 1. Block diagram of embedded system.
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Fig. 2. Circuit diagram of input/output interface. (a) Input interface

and (b) output interface.
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Fig. 3. Communication circuit (a) USB, (b) CAN, and (c) bluetooth. Fig. 6. GUI implementation for control embedded system.
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Fig. 7. System configuration between embedded system and
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(b) void usart_receive(unsigned char ch)
char ret;
if(chl=0)
ret = command_parsing(ch);

if( ret == CMD_COMPLETE )

{
set_cmd_para_raw_data(get_parsing_data());
//HIEE &4l H|0|E{2 B8t pin state -> output_buff[];
proc_cnd_para(); //+HEOIE f4 L FEH2

}

}
}

() l:{)ool serial_monitoring output_digi(u32 paraml, u32 param2)

static char state = 9;
static char output_buff[24];
GPIO_PinState *pin_state;

if(state == @)

{
pin_state = get_digital_input_state_16bit();
//HIES &8 HO|EHZ BiE pin_state -> output_buff[];
trans_cmd_para_to_cmd_array(CMD_DI, 1, (char*)(pin_state),output_buff);
state = 1;

}

else if(state == 1)

pin_state = get_digital output_state_16bit();
//HIEE &418 HO|H2 BiE pin_state -> output_buff[];
trans_cmd_para_to_cmd_array (CMD_DO, 1, (char*)(pin_state),output_buff);
state = 9;

}

usart1_tx(output_buff, 24);
return true;

}

Fig. 8. Communication test between systems (a) UART communication
test, (b) coding for receiving data, and (c) coding for sending data.
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(b) void CEmbeddedSystemDlg: : CheckDoData()

{
check_buff[e] = '[';
check_buff[1] = 'D';
check_buff[2] = '0';
check_buff[3] = '0';
check_buff[a] = '0';

check_buff[5]
check_buff[6]

check_buff[7]

check_buff[8]

check_buff[9]

check_buff[10]
check_buff[11]
check_buff[12]
check_buff[13]
check_buff[14]
check_buff[15]
check_buff[16]
check_buff[17]
check_buff[18]
check_buff[19]
check_buff[20]
check_buff[21]
check_buff[22]
check_buff[23]

TIsDlgButtonChecked (IDC_CHECK_DO15) + '@';
IsDlgButtonChecked(IDC_CHECK DO14) + '@';
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IsDlgButtonChecked(IDC_CHECK DO12) + '@';
IsDlgButtonChecked (IDC_CHECK_DO11) + '@';
IsDlgButtonChecked(IDC_CHECK_DO18) + '@';
IsDlgButtonChecked(IDC_CHECK_DOS) + '6';
IsDlgButtonChecked(IDC_CHECK_DO8) + '@';
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m_comm->WriteComm(check_buff, 24); //OI0Ef &4 &=
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Fig. 10. GUI and programming source for I/O control of embedded
system. (a) GUI and (b) programming source.
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(b) void ClntearateSolDlg:: OnTiner (UINT_PTR nlDEvent)
{

suitch {nlDEvent)
{

case MISUBI_TIMER ID:
m_ActUt1Type.GetDevice
m_ActUz1Type.GetDevice
m_ActUs1Type.GetDevice
m_ActUs1Type.GetDevice
m_ActUs1Type.GetDevice
m_ActUt1Type.GetDevice
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(
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(
(.
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0]
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Fig. 11. GUI and programming source for data collection with PLC-
based production system. (a) GUI and (b) programming source.
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