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Controller Area Network System
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ABSTRACT

Controller Area Network (CAN) system is operated in transmitted-received BUS
communication which has a connectivity limitation because of the independent moving system. This
thesis presents the development and design of the wireless CAN system to increase the efficiency of
independent moving system.

This research uses the ARM Cortex-M3 microcontroller 32 bits for transmitted-received
data control in real time system. Also the 2.4 GHz wireless communication technique is applied to
this wireless CAN system. Four wireless CAN modules are designed to transmitted-received data
for this experiment.

The experiment results show that the 32 bits microcontroller of ARM Cortex-M3 can use
to design and develop the wireless CAN. It operates at 1Mbps for bit rate ratio and the maximum
distance between each module is 10 m. There is a delay time at 360 ps. If the CAN module is
blocked or transferred data through obstruction, the distance of operation will be reduced but the bit
rate ratio is still the same. Therefore, the study and development of data communication of wireless

CAN system can be apply for the future embedded system.

Keywords : Control Area Network, ARM Cortex-M3, Embedded System
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OXFFFF FFFF
7

0xEQ10 0000
0xE000 0000

6

0xC000 0000

5

0xA000 0000

4

0x8000 0000

3

0x6000 0000

2

0x4000 0000

1

0x2000 0000

0

0x0000 0000

peripheral

-«——Peripheral

-«+—— Static RAM

-« Code

E Reserved

<«—— Cortex-M3 processor

0x1FFF FFFF
Reserve
Ox1FFF F80F :
Ox1FFF F800 Byte option
System
memory
Ox1FFF FOOO
0x0801 FFFF
Flash
memory
0x0800 0000

0x4002 3400
0x4002 3000

0x4002 2400
0x4002 2000

0x4002 1400
0x4002 1000

0x4002 0400
0x4002 0000
0x4001 3C00
0x4001 3800
0x4001 3400
0x4001 3000
0x4001 2C00
0x4001 2800
0x4001 2400

0x4001 1C00
0x4001 1800
0x4001 1400
0x4001 1000
0x4001 0CO0
0x4001 0800
0x4001 0400
0x4001 0000

0x4000 7400
0x4000 7000
0x4000 6C00
0x4000 6800
0x4000 6400
0x4000 6000
0x4000 5C00
0x4000 5800
0x4000 5400

0x4000 4C00
0x4000 4800
0x4000 4400

0x4000 3C00
0x4000 3800
0x4000 3400
0x4000 3000
0x4000 2C00
0x4000 2800

0x4000 0C00
0x4000 0800
0x4000 0400
0x4000 0000

Flash interface

RCC

DMA

USART1

SPI1

TIM1

ADC2

ADC1

Port E

Port D

Port C

Port B

Port A

EXTI

AFIO

PWR

BKP

bxCAN

USB/CAN SRAM

USB Famef

12C2

12C1

USART3

USART2

SPI2

WDG

WWDG

RTC

TIM4

TIM3

TIM2

1 kbits

3 kbits

1 kbit

3 kbits

1 kbits

3 kbits

1 kbits
1 kbits
1 kbits
1 kbits
1 kbits
1 kbits
1 kbits
1 kbits
2 kbits
1 kbits
1 kbits
1 kbits
1 kbits
1 kbits
1 kbits
1 kbits

35 kbits

1 kbits
1 kbits
1 kbits
1 kbits
1 kbits
1 kbits
1 kbits
1 kbits
2 kbits
1 kbits
1 kbits
2 kbits
1 kbits
1 kbits
1 kbits
1 kbits
1 kbits

7 kbits

1 kbits
1 kbits
1 kbits

MNN 2.14 MIvaassnireanuswasvedlulnsaeuInsames STM32F103
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1. main.c

#include "stm32f10x_rcc.h"
#include "stm32f10x_gpio.h"
#include "hardware config.h"
#include "nRF24101P.h"
#include "stm32f10x_can.h"

#include "stm32f10x.h"

/* Private variables
u32 GlobalTime ms;
//ErrorStatus HSEStartUpStatus;
u32 LifeSignTimeStamp;
char txBuffer[4];

char rxBuffer[4];

//CanTxMsg TxCANData;

//CanRxMsg RxCANData;

vu8 rcv_flag=0; // Keep status receive data flag
CanRxMsg RxMessage; // Keep CAN receive message
CanTxMsg TxMessage; // Keep CAN transmit message

unsigned char Buf[2]= {0};

void GPIO_Configuration(void);
void CAN_Configuration(void),
void Peripheral_Configuration(void);
void Onlnit(void);

void SysTick Configuration(void);

int main(void)

{
Onlnit();

nRF24L01_Set RX Address(0x01,0x23,0x45,0x67,0x89);

*/
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nRF24L01_Config(0,POdBm,R1mbps);
RX_ Mode();
/%
if(GPIO_ReadInputDataBit(GPIOC, SW1_Pin)==0)
{
RF_TestMode();
Test RF1();
}
/lelse {Test CAN(); }
RX Mode();
*/

while(1)
{
if(GPIO_ReadInputDataBit(GPIOC, SW2 Pin)==0)
{
if(nRF24L01 RxPacket(Buf))
{
if( Buf[0]==0x12)
{
GPIO_SetBits(GPIOC, LED2_Pin);

//delay(10);

else

GPIO_ResetBits(GPIOC, LED2._Pin);

void USB_LP CAN_RXO0 IRQHandler(void)
{
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unsigned char buf[20] = {0};
unsigned char il = 0;
unsigned char i2 = 0;

typedef struct

u32 StdIdl;
u32 Extldl;
u8 IDEI;
u8 RTR1;
u8 DLCI;
ug Datal[8];
u8 FMI1;
}RxMsgU;
RxMsgU RxMessagel;
typedef union
{
unsigned char buf2[20];

RxMsgU RxMessagel;

} U _can;

U can tmp2;
//RxMsgU RxMessagel;
RxMessagel.StdId1 =0x00;
RxMessagel.Extld1 = 0x00;
RxMessagel.IDE1 = 0x00;
RxMessagel .DLCI1 = 0x00;
RxMessagel .FMI1 = 0x00;
RxMessagel.Datal[0] = 0x00;
RxMessagel.Datal[1] = 0x00;
RxMessagel.Datal[2] = 0x00;
RxMessagel.Datal[3] = 0x00;
RxMessagel.Datal[4] = 0x00;
RxMessagel.Datal[5] = 0x00;

RxMessagel.Datal[6] = 0x00;
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RxMessagel.Datal[7] = 0x00;

CanRxMsg RxMessage;

RxMessage.StdId=0x00;

RxMessage.Extld=0x00;

RxMessage.IDE=0;

RxMessage.DLC=0;

RxMessage.FMI=0;

RxMessage.Data[0]=0x00;

RxMessage.Data[ 1]=0x00;
RxMessage.Data[2]=0x00;
RxMessage.Data[3]=0x00;
RxMessage.Data[4]=0x00;
RxMessage.Data[5]=0x00;
RxMessage.Data[6]=0x00;

RxMessage.Data[ 7]=0x00;
CAN_Receive(CAN_FIFOO0, &RxMessage);
tmp2.RxMessagel.StdId1 = RxMessage.StdId,;
tmp2.RxMessagel.Extld] = RxMessage.Extld;
tmp2.RxMessagel.IDE1 = RxMessage.IDE;
tmp2.RxMessagel.DLC1 = RxMessage.DLC;
tmp2.RxMessagel.FMI1 = RxMessage.FMI;
tmp2.RxMessagel.Datal[0] = RxMessage.Data[0];
tmp2.RxMessagel.Datal[1] = RxMessage.Data[1];
tmp2.RxMessagel.Datal[2] = RxMessage.Data[2];
tmp2.RxMessagel.Datal[3] = RxMessage.Data[3];
tmp2.RxMessagel.Datal[4] = RxMessage.Data[4];
tmp2.RxMessagel.Datal[5] = RxMessage.Data[5];
tmp2.RxMessagel.Datal[6] = RxMessage.Data[6];

tmp2.RxMessagel.Datal[7] = RxMessage.Data[7];

if(RxMessage.Stdld==0x11)
{

nRF24L01 Set RX Address(0x01,0x23,0x45,0x67,0x89);



//nRF24L01_Set TX_ Address(0x01,0x23,0x45,0x67,0x89);
nRF24L01_Config(0,POdBm,R1mbps);
TX Mode();
for( unsigned char i4 = 0; i4 < 19; i4++)
{
tmp2.can. XORChkSum = bufli4]"0x55;
}

for( unsigned char j = 0; j < 19; j++)
{

Val = buflj] tmp.can. XORChkSum,;
j
if( Val == 0x55)
buf[0] = RxMessage.Stdld;
buf[1] = RxMessage.Extld;
buf[2] = RxMessage.IDE;
buf[3] = RxMessage.DLC;
//buf[4] = RxMessage. FMI;
RxMessage.Data[0]=0x00;
RxMessage.Data[ 1]=0x00;
RxMessage.Data[2]=0x00;
RxMessage.Data[3]=0x00;
RxMessage.Data[4]=0x00;
RxMessage.Data[5]=0x00;
RxMessage.Data[6]=0x00;
RxMessage.Data[ 7]=0x00;

i2 = buf[3]+5;

for(i1=0;i1<i2;i14++)

buflil] = RxMessage.Datalil];

i2 = RxMessage.DLC;

for(i1=0;i1<i2;i14++)

buflil] = RxMessage.Data[il];



nRF24L01_ TxPacket(tmp2.buf2);
RX_ Mode();
//delay_ms(100);

void OnlInit(void)
{
RCC_Configuration();

//SysTick Configuration();

Peripheral_Configuration();
NVIC_Configuration();

}

void Peripheral Configuration(void)

{
nRF24L01_ HW Init();
GPIO_Configuration();
DMA_Configuration();
//UART_ClkConfiguration();
//UART_Configuration();
CAN_Configuration();

}

/*

void SysTick Configuration(void)

{
SysTick CounterCmd( SysTick Counter Disable );
SysTick CLKSourceConfig( SysTick CLKSource HCLK Div8 );
SysTick CounterCmd( SysTick_Counter_Clear );
SysTick SetReload(TimerTickCycle ms*9000);
SysTick ITConfig(ENABLE);

SysTick CounterCmd( SysTick Counter Enable );
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*/
void delay ms2(unsigned char x)
{
//unsigned int x;
unsigned int i4,j4;
14=0;
for(i4=0;i4<x;i4++)
{
j4=108,;
while(j4--);
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2. nRF24L01.c

#include "stm32f10x_rcc.h"

#include "stm32f10x_gpio.h"

#include "stm32f10x_spi.h"

#include "nRF24101P.h"

//Define the commands for operate the nRF24L01P

#define READ nRF REG 0x00 // Command for read register
#define WRITE nRF REG 0x20  // Command for read register
#define RD_RX PLOAD 0x61 // Command for read Rx payload
#define WR_TX PLOAD O0xAO0 //Command for write Tx payload
#define FLUSH_TX 0xE1 /I Command for flush Tx FIFO
#define FLUSH RX 0xE2 // Command for flush Rx FIFO
#define REUSE_TX PL  OxE3 // Command for reuse Tx payload
#define NOP OxFF // Reserve

//Define the register address for nRF24L01P

#define CONFIG 0x00 // Configurate the status of transceiver, mode of CRC and the replay of transceiver
status
#define EN_AA 0x01 // Enable the atuo-ack in all channels

#define EN_RXADDR  0x02 // Enable Rx Address

#define SETUP_AW 0x03 // Configurate the address width
#define SETUP_RETR  0x04 // setup the retransmit

#define RF_CH 0x05 // Configurate the RF frequency
#define RF_SETUP 0x06 // Setup the rate of data, and transmit power
#define NRFRegSTATUS 0x07 //

#define OBSERVE _TX  0x08 //

#define CD 0x09 //  //Carrier detect

#define RX ADDR PO  0xOA // Receive address of channel 0
#define RX ADDR P1  0xOB // Receive address of channel 1
#define RX_ ADDR P2  0x0C // Receive address of channel 2
#define RX ADDR P3  0xOD // Receive address of channel 3
#define RX ADDR P4  0OxOE // Receive address of channel 4
#define RX_ ADDR P5  0xOF // Receive address of channel 5

#define TX_ADDR 0x10 //  Transmit address
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#define RX PW_ PO 0x11 // Size of receive data in channel 0
#define RX PW Pl 0x12 // Size of receive data in channel 1
#define RX PW_P2 0x13 // Size of receive data in channel 2
#define RX PW_P3 0x14 // Size of receive data in channel 3
#define RX PW P4 0x15 // Size of receive data in channel 4
#define RX PW_P5 0x16 // Size of receive data in channel 5
#define FIFO_STATUS  0x17 // FIFO Status
[ R AR R R AR A R R R RRR R R R R R R R R R RRR R R
unsigned char TxBuf[Buffer_Size] = {0};
unsigned char RxBuf[Buffer Size] = {0};
unsigned char nRF24L01 Freq = 0;
unsigned char nRF24L01 power rate = 0;
//define the initial Address
unsigned char TX_ADDRESS[ADR_WIDTH]= {0xE7,0xE7,0xE7,0xE7,0xE7};
unsigned char RX_ADDRESS[ADR_WIDTH]= {0xE7,0xE7,0xE7,0xE7,0xE7};
unsigned char nRF24L.01_SPI Send Byte(unsigned char dat);
void nRF24L01 HW_Init(void);
void nRF24L01 SPI NSS L(void);
void nRF24L01_SPI_NSS_H(void);
void nRF24L01_SPI_CE_L(void);
void nRF24L01_SPI_CE_H(void);
unsigned char SPI. WR_Reg(unsigned char reg, unsigned char value);
unsigned char SPI_Read_ Buf(unsigned char reg, unsigned char *pBuf, unsigned char Len);
unsigned char SPI_Write_Buf(unsigned char reg, unsigned char *pBuf, unsigned char Len);
unsigned char SPI_RD_Reg(unsigned char reg);
void nRF24L01 Delay us(unsigned long n);
void nRF24L01 Set TX Address(  unsigned char A,unsigned char B,unsigned char C,unsigned char
D,unsigned char E)
{
TX ADDRESS[0] = A;
TX_ADDRESS[1] = B;
TX_ADDRESS[2] = C;
TX ADDRESS[3] =D;
TX ADDRESS[4] = E;



}

void nRF24L01_Set RX Address(  unsigned char A,unsigned char B,unsigned char C,unsigned char

D,unsigned char E)

{

}

RX_ADDRESS[0] = A;
RX_ADDRESS[1]=B;
RX_ADDRESS|[2] =C;
RX_ADDRESS[3] =D;
RX_ ADDRESS[4] = E;

unsigned char nRF24L.01_Config(unsigned char freq, unsigned char power, unsigned char Rate)

{

nRF241.01 Freq=0;

nRF241L.01 power rate = 0;
if(freq>125)

return 0;
else

nRF24L01 Freq = freq;
if (POdBm == power)

nRF24L01 power rate[=0x06;
else if (Pm6dBm == power)

nRF24L01 power rate[=0x04;
else if (Pm12dBm == power)

nRF24L01 power rate|=0x02;
else if (Pm18dBm == power)

nRF24L01 power rate|=0x00;
else

return 0;
if (R2mbps == Rate)

{nRF24L01_power_rate|=0x08;}
else if (Rate == R1mbps)

{nRF24L01_power_rate|=0x00;}
else if (Rate == R250kbps)

nRF24L01 power rate|=0x20;
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else
return 0;

return 1;

void RX_Mode(void)
{unsigned char buf[5]={0};
nRF24L01 SPI CE L();
SPI Read Buf(TX ADDR, buf, ADR_ WIDTH);
SPI_Write BuftWRITE nRF REG + RX_ADDR_P0, RX_ADDRESS, ADR_WIDTH);
SPI_ WR_Reg(WRITE nRF REG +EN_AA, 0);
SPI WR_Reg(WRITE nRF REG + EN_RXADDR, 0x01);
SPI WR_Reg(WRITE nRF REG + SETUP RETR, Oxla);
SPI WR_Reg(WRITE nRF REG + RF CH,nRF24L01 Freq);
SPI_ WR_Reg(WRITE nRF _REG + RX PW PO, RX PLOAD WIDTH);
SPI_ WR Reg(WRITE nRF REG + RF SETUP, nRF24L01 power rate);
SPI WR_Reg(WRITE nRF_REG + CONFIG, 0x0f);
nRF24L01 SPI CE H();
}
void TX Mode(void)
{

nRF24L01_SPI CE_L();

SPI_Write BuffWRITE nRF _REG + TX ADDR, TX _ADDRESS, ADR_WIDTH);
SPI_Write BuftWRITE nRF REG + RX_ADDR P0, RX_ADDRESS, ADR_WIDTH);
SPI_WR_Reg(WRITE nRF REG +EN_AA, 0);
SPI_WR_Reg(WRITE nRF REG + EN_RXADDR, 0x01);

SPI WR_Reg(WRITE nRF REG + SETUP_RETR, Ox1a);

SPI_ WR_Reg(WRITE nRF REG + RF CH,nRF24L01_Freq);

//SPI WR_Reg(WRITE_nRF REG + RF_CH,40);

SPI_WR_Reg(WRITE nRF_REG + RF_SETUP, nRF24L01 power rate);
//SPI_ WR_Reg(WRITE nRF REG + RF_SETUP, 0x0f);

SPI WR_Reg(WRITE nRF REG + CONFIG, 0x0¢);

nRF24L01_SPI_CE_HO();
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void nRF24L01 TxPacket(unsigned char * tx_buf)

{
SPI Write BuffWRITE nRF REG +RX_ADDR_P0, TX ADDRESS, ADR_ WIDTH);
SPI Write BuffWR_TX PLOAD, tx_buf, TX PLOAD WIDTH);

}

unsigned char nRF24L.01_RxPacket(unsigned char* rx_buf)

{unsigned char flag=0;

unsigned char status;

status=SPI_RD_Reg(NRFRegSTATUS);

if(status & 0x40)
{
SPI Read Buf(RD RX PLOAD,rx buf,TX PLOAD WIDTH);
flag =1;
}
SPI WR_Reg(WRITE nRF REG+NRFRegSTATUS, status);
return flag;
}
unsigned char SPI_RD_Reg(unsigned char reg)
{
unsigned char reg_val;
nRF24L01 SPI NSS L():
nRF24L01 SPI_Send Byte(reg);
reg_val = nRF24L01 SPI_Send Byte(0);
nRF24L01_SPI NSS_H();
return(reg_val);
}
unsigned char SPI._ WR_Reg(unsigned char reg, unsigned char value)
{

unsigned char status;
nRF24L01 SPI NSS L();

status = nRF24L01_SPI_Send Byte(reg);

nRF24L01_SPI_Send Byte(value);

nRF24L01_SPI_NSS_H();

return(status);
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}
unsigned char SPI_Read Buf(unsigned char reg, unsigned char *pBuf, unsigned char Len)
{

unsigned int status,i;

nRF24L01 SPI NSS L();

status = nRF24L01_SPI Send Byte(reg);

for(i=0;i<Len;i++)

{
pBufli] =nRF24L01_SPI Send Byte(0);
j
nRF24L01_SPI NSS_H();
return(status);
}

unsigned char SPI_Write Buf(unsigned char reg, unsigned char *pBuf, unsigned char Len)
{

unsigned int status,i;

nRF24L01 SPI NSS L();

status = nRF24L01_SPI_Send Byte(reg);

for(i=0; i<Len; i++) /

{
nRF24L01_SPI Send Byte(*pBuf);
pBuf ++;
}
nRF24L01_SPI NSS_H();
return(status);
}
unsigned char nRF24L01 SPI Send Byte(unsigned char dat)
{

while(SPI_I2S_GetFlagStatus(SPI2, SPI_I2S FLAG_TXE) == RESET);
SPI_12S_SendData(SPI2, dat);
while(SPI_I2S_GetFlagStatus(SPI2, SPI I2S FLAG RXNE)=— RESET);
return SPI_I2S ReceiveData(SPI2);

H
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void nRF24L01 SPI NSS_H(void)

{
GPIO_SetBits(GPIOB,GPIO_Pin_12);

void nRF24L01_SPI NSS_L(void)

{
GPIO_ResetBits(GPIOB,GPIO_Pin_12);

void nRF24L01 SPI CE H(void)
{
GPIO_SetBits(GPIOB,GPIO_Pin_10);
}
void nRF24L01 SPI CE L(void)
{
GPIO_ResetBits(GPIOB,GPIO Pin_10);
}
void nRF24L01_HW _Init(void)
{
SPI_InitTypeDef SPI InitStructure;
GPIO_InitTypeDef GPIO_InitStructure;
RCC_APBI1PeriphClockCmd(RCC_APB1Periph SPI2, ENABLE);
RCC_APB2PeriphClockCmd(RCC_APB2Periph_GPIOB, ENABLE);
/* Configure SPI2 pins: NSS, SCK, MISO and MOSI */
GPIO_InitStructure.GPIO_Pin = GPIO_Pin_13 | GPIO_Pin_14 | GPIO_Pin_15;
GPIO_InitStructure. GPIO_Speed = GPIO_Speed 50MHz;
GPIO_InitStructure. GPIO_Mode = GPIO_Mode AF PP;
GPIO_Init(GPIOB, &GPIO _InitStructure);
GPIO_InitStructure.GPIO_Pin = GPIO_Pin_10; //INRF24L01 MODE-CE
GPIO_InitStructure. GPIO_Speed = GPIO_Speed_50MHz;
GPIO_InitStructure. GPIO_Mode = GPIO_Mode_Out_PP;
GPIO_Init(GPIOB, &GPIO_InitStructure);
GPIO_nitStructure.GPIO_Pin = GPIO_Pin_11; //INRF24L01 TRQ
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GPIO_itStructure.GPIO_Mode = GPIO Mode IN_FLOATING;
GPIO_Init(GPIOB, &GPIO_InitStructure);
GPIO_SetBits(GPIOB, GPIO Pin_11);

SPI InitStructure.SPI Direction = SPI Direction 2Lines FullDuplex;
SPI InitStructure.SPI Mode = SPI Mode Master;
SPI InitStructure.SPI DataSize = SPI_DataSize 8b;
SPI_InitStructure.SPI_ CPOL = SPI CPOL Low;#®
SPI_InitStructure.SPI CPHA = SPI CPHA_1Edge;
SPI_InitStructure.SPI_ NSS = SPI_NSS_Soft;
SPI_InitStructure.SPI_BaudRatePrescaler = SPI BaudRatePrescaler 16;
SPI_InitStructure.SPI_FirstBit = SPI_FirstBit MSB;
SPI_InitStructure.SPI_CRCPolynomial = 7;
SPI_Init(SPI2, &SPI_InitStructure);
/[Config the NSS pin
SPI_SSOutputCmd(SPI12, ENABLE);
GPIO_InitStructure.GPIO_Pin = GPIO_Pin_12;
GPIO_InitStructure. GPIO_Speed = GPIO_Speed 50MHz;
GPIO_InitStructure. GPIO_Mode = GPIO_Mode Out_PP;
GPIO_Init(GPIOB, &GPIO_InitStructure);
/* Enable SPI2 */
SPI_Cmd(SPI2, ENABLE);
nRF24L01 SPI NSS H();
nRF24L01 SPI CE H();

}

void nRF24L01 Delay us(unsigned long n)

{
unsigned long i;
while(n--)
{

i=2;

s

while(i--);
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3. can_stm.c

#include "stm32f10x.h"
#include "stm32f10x_lib.h"
#include "stm32f10x_can.h"
void CAN_Configuration(void)
{
CAN_InitTypeDef CAN_ InitStructure;
CAN FilterInitTypeDef CAN_FilterInitStructure;
/* CAN register init */
CAN_Delnit();
CAN_StructInit(&CAN_InitStructure);
/* CAN cell init */
CAN_InitStructure. CAN_TTCM=DISABLE;
CAN_InitStructure. CAN_ABOM=DISABLE;
CAN_InitStructure. CAN_AWUM=DISABLE;
CAN_InitStructure. CAN_NART=DISABLE;
CAN_InitStructure. CAN_RFLM=DISABLE;
CAN_InitStructure. CAN_TXFP=DISABLE,;
//ICAN_InitStructure. CAN_Mode=CAN_Mode LoopBack;
CAN_InitStructure. CAN_Mode=CAN Mode Normal;
/*
CAN_InitStructure. CAN_SIW=CAN_SJW_1tq;
CAN_InitStructure. CAN_BS1=CAN_BS1 8tq;
CAN_InitStructure. CAN_BS2=CAN BS2 7tq;
CAN_InitStructure. CAN_Prescaler=1;
*/

//CAN_InitStructure. CAN_SJW=CAN_SJW_1tq;

//ICAN_InitStructure. CAN_BS1=CAN_BS1 8tq;

//CAN_InitStructure. CAN_BS2=CAN_BS2 7tq;

//ICAN_InitStructure. CAN_Prescaler=5; //72MHz/2=36MHz=PCLK1 / 5 => 7200KHz / (1+8+7) =>
450KHz

Jx
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CAN_InitStructure. CAN_SJW=CAN_SJW_1tq;

CAN_InitStructure. CAN_BS1=CAN_BSI1_10tq;

CAN_InitStructure. CAN_BS2=CAN_BS2 7tq;

CAN_InitStructure. CAN_Prescaler=4; /[72MHz/2=36MHz=PCLK1 / 4 => 9000KHz / (1+10+7) =>
500KHz

*/

CAN_InitStructure. CAN_SJW=CAN_SJW_1tq;

CAN_InitStructure. CAN_BS1=CAN_BS1 10tq;

CAN_InitStructure. CAN_BS2=CAN_BS2 7tq;

CAN_InitStructure. CAN_Prescaler=2; //72MHz/2=36MHz=PCLK1 / 2 => 18000KHz / (1+10+7) =>
1000KHz

CAN_Init(&CAN _InitStructure);

// CAN filter setup

CAN _FilterInitStructure. CAN_FilterNumber=1;

CAN_FilterInitStructure. CAN_FilterMode=CAN_FilterMode_IdMask;

CAN_FilterInitStructure. CAN_FilterScale=CAN_FilterScale 32bit;

CAN_FilterInitStructure. CAN_FilterldHigh=0x0000;

CAN _FilterInitStructure. CAN_FilterldLow=0x0000;

CAN _FilterInitStructure. CAN_FilterMaskIdHigh=0x0000;

CAN_FilterInitStructure. CAN_FilterMaskldLow=0x0000;

CAN_FilterInitStructure. CAN_FilterFIFOAssignment=CAN_FIFOO;

CAN_FilterInitStructure. CAN_FilterActivation=ENABLE;

CAN _FilterInit(& CAN_FilterInitStructure);

CAN_ITConfig(CAN_IT FMP0,ENABLE);
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Development Control Area Network communication using 2.4GHz

Radio Frequency
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Control Area Network (CAN) ifugtiununis@eansieyalugifuny
BUS fin1smevauseniaiu-dadeyauuy real-time dA37MgNseY
rpedayrgeuasion ldluemarununTesinsgrarunsuuas
seunEle (Embedded Controller) usisngin1avineufisioangsaunii
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wrdn Ingldluinsmoulnaaesauin 328it e STM32F103VCT
Fadululnsaoulnsaesisz@niniwgelunsega ARM  Corfex'™-
M3 lulnpsesulnsaefiwing lunistszuiauaresdyginiuie s
lunasdeans su-de feyariiluga Faraigumaiud 2.4GHz wuda
awasaurdeyalugiluny CAN wulfenaaegilunnlunisdesns
P P P e o 2 P =
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delagennii iy 500 kbps dadunisdnminisiamngilunnag
sudedoyas CAN  TugtluyyFanendn Jaanianlslunsimmg
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Abstract

Controfler Area Network (CAN) protocol is a real time
transmitted-received BUS communication and is popular in
industrial automation and embedded systems networked
applications. However CAN is designed for working on BUS
communication system with limited connectivity. This paper
presents a solution data communication from CAN BUS to Radio
Frequency using 32 Bit Microcontrofler STM32F103VCT which is
ARM Cortex'""-M3, Microcontroller

a high-performance
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processes data communication between CAN and Radio
Frequency module working on 2.4GHz. The results show that it
can process data from CAN to Radio frequency and provide the
100% accuracy when the transmission rate is limited, not more
than 500kbps. Thus, the development of CAN wireless data

communication is interesting for the future embedded system.

AEATY
Controller Area Network, Radio Frequency,

Microcontroller, ARM Cortex ™-M3.
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Design and Implement a Multi-node Wireless CAN
Communication

Wauttichai Buanark
Rajamangala University of Technology Thanyaburi
39 Muh1, Rangsit-Nakhonnayok Rd. Klong Hok,
Thanyaburi Pathum Thani Thailand.
E-Mail: wuttichai@incotec.co.th

Abstract—CAN (Control Area Network) communication is
usually a BUS communication, but its problems when the system
is operated the condition of independent circulation environment.
This article design a wireless CAN communications multi-node
on a stable speed to solve above problem. The ARM Cortex™-M3
Nr. STM32F103RET6 is used to be a CAN device with 1Mbps
transmission rate. The NRF24L01 wireless module which is
operated on 2.4GHz is used as a communication receiver —
transmitter. The results show that this system can be completely
process the data at 1Mbps within the 5 meters of module
distance. Therefore each module can be repeater to cover the long
distance controlling. However, when the distance between two
modules is increased more than 5 meters, it requires time to be
check the transmission data. This may cause the time delay
process. This design can be apply to the industrial such as
controlling or automation system.

Keywords—Controller Area Network, ARM Cortex™-M3, wireless
module, 2.4GHz, IMbps

1. Introduction

The Control Area Network or CAN [1] communication is a
type of BUS communication and is mostly used for the control
of industrial machinery, automobiles and embedded systems.
It was initially developed for the use in motor vehicles by
Robert Bosch GmbH in year 1985. The CAN communication
is including three cables which are the CAN High, CAN Low
and CAN Ground that are connected together at many
different points on a single line. The highest transmission rate
is at 1Mbps which has a BUS beneath 40 Meter which can be
used to create a connection of more than 1 kilometer, but the
transmission rate will decrease. Problems might occur in the
CAN design when the device requires an independent
circulation specially on wireless modules. When a wireless
module is added, an additional program has to be designed for
the additional device at the transmitter and receiver, or a new
design is required for the whole system in order to support the
data transmission. At some cases, the appliance of wireless
modules will not enable the connection with the
microcontroller using a wide distance cables. In [2-4] it is
shown that wireless modules can be developed for the CAN
communication system, but it can only be applied for the
transmitting and receiving. It cannot be used as a replacement
for a 1Mbps communication.

This research designs the wireless CAN communication of
1Mbps based on 32bit microcontroller Nr. STM32F103RET.

Jakkree Srinonchat
Rajamangala University of Technology Thanyaburi
39 Muhl, Rangsit-Nakhonnayok Rd. Klong Hok,
Thanyaburi Pathum Thani Thailand.
E-Mail: Jakkree.s@en.rmutt.ac.th

This controller is an ARM Cortex™-M3 64pin type. The
NRF24L01wireless module is applied for SPI communication
system at 2.4GHz Two testing sets are used for the
transmission, at which the first set is stable and the second
operates on an independent circulation. For the transmission
tests, the programs PCAN View and PCAN USB [5] will
function as a transmitter of CAN messages to the transmitting
module at a data transmission frequency of 1Mbps. When the
microcontroller has received and processed the data, it will
send the data to the wireless module to the receiving module.
The received data will be tested and processed. If the data is
accurate and complete, a summation of the received values of
each bit has to be done by the value 0xOlh with the all
received CAN data and send back to the transmitting module
in order to send the data to the PCAN-USB and the PCAN-
View program. The value of the received data will be different
than the value of the transmitted data. This will be done in
order to gain the accuracy of the data and will prove that the
module is able to transmit the data.

II. Theory
A. Controller Area Network
The information regarding the architecture of the BUS
device CAN [6] in this research is according to ISO 11898,
which concerns the transmission of data between the networks
system. It is consistent with the OSI (Open System
Interconnection) in BUS CAN. Messages can be sent from
each node which each node is able to receive data in the CAN.
An address has been determined for the transmitting and
receiving nodes. The details of the message will be determined
by the identifier which has a unique function within the
network. Every node on the BUS will receive messages and
commands and will decide if they have received the message
by monitoring the bit defining device.

B. Microcontroller ARM Cortex-M3 Processor
System-on-chip solutions based on ARM embedded
processors address many different market segments including
enterprise applications, automotive systems, home networking
and wireless technologies. The ARM Cortex™ family [7] of
processors provides a standard architecture to address the
broad performance spectrum required by these diverse
technologies. The ARM Cortex family includes processors
based on the three distinct profiles of the ARMv7 architecture;
the A profile for sophisticated, high-end applications and



complex operating systems; the R profile for real-time
systems; and the M profile for cost-sensitive and
microcontroller applications. The Cortex-M3 processor is the
first ARM processor based on the ARMv7-M architecture and
has been specifically designed to achieve high system
performance in power and cost-sensitive embedded
applications, such as microcontrollers, automotive body
systems, industrial control systems and wireless networking. It
is significantly simplifying programmability to make the ARM
architecture an option for even the simplest applications.

C. Radio Frequency ISM Band

The 2.4 GHz ISM band [8] allows for primary and
secondary uses. Secondary uses are unlicensed, ISM band are
radio bands (portions of the radio spectrum) reserved
internationally for the use of radio frequency (RF) energy for
industrial, scientific and medical purposes other than
communications. Examples of applications in these bands
include radio-frequency process heating, microwave ovens,
and medical diathermy machines. The powerful emissions of
these devices can create electromagnetic interference and
disrupt radio communication using the same frequency, so
these devices were limited to certain bands of frequencies. In
general, communications equipment operating in these bands
must tolerate any interference generated by ISM equipment,
and users have no regulatory protection from ISM device
operation.

II.  Hardware and Software design
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Figure 1. Display of System interaction

Figure 1 shows the process of the system. In the receiving
the CAN signal, the received data will be adjusted by IC CAN
Transceiver in order to send them to the microcontroller.
When the processing is done, the system will send data to the
RF module by using the SPI. The RF modules will convert the
data in order to transmit as a signal to the RF receiver. When
the RF module has received the data, the module will send the
data to the microcontroller by SPI to process the data. The
CAN data will then be sent to the destination device. At the
same time, when the receiver receives the data, the same
process will be applied to return a feedback by dividing into
two parts, the soft- and hardware.
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A. Hardware design
1) CAN Interface

The CAN interface circuit design show in Fig 2. The major
is the CAN Transceiver which is IC CAN Transceiver
SN65SHVD230 [9] from TI, It is IC operating on a voltage
range of 3.3V, which is connected to the CAN TX and the
CAN RX port of the microcontroller. It operates on the same
voltage range.
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Figure 2. CAN Transceiver Circuit

2) Microcontroller

STM32F103RET6 [10] is a microcontroller of ST
microelectronic type ARM Cortex-M3 Processor of 32 bits,
which has the processing speed of 72MHz  Clock/90MIPS
(1.25DMIPS/MHz). It includes a flash memory of 512
kilobyte that requires 2.0-3.6V. It has a small size tank with 64
connection legs, which is a microcontroller with a CAN
module interface and supports the standard CAN 2.0B (High-
speed). It has input and output ports, which can be applied for
several purposes. It includes the SPI communication, which
can further be used with external wireless modules as
well.
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Figure 3. Microcontroller Circuit

The microcontroller circuit is displayed in Fig 3. The
STM32F103RET microcontroller is used as a main processor.
It is used for receiving-transmitting CAN data by the CAN TX
and the CAN RX port, to process the CAN data into RF
message, and to connect with RF module by SPI
communication. It also has other features for the display of
the results, system testing by LED and a switch with a RS232
connector used for the connection to the computer to display
the transmission test results.

3) Interface Module NRF24L01

The RF module, which is used as a ready-made module
NRF24L01 [11] uses a chip of Nordic Semiconductor operates
on the frequency between 2.4 - 2.4835GHz .1t is used for the



modulation of the GFSK signal that is able to transmit data at
up to 2Mbps . It is used for the data communication with the
microcontroller type SPI.

Figure 4. Circuit connection of RF type SPI

The RF 2.4GHz module transceiver is a NRF24L01
wireless module. It is connected to the microcontroller that
communicates by using the SPI as show in Fig 4. The receive
data has been processed by this microcontroller to the CAN
receiver module.

B. Software Design

The design of the software is divided into two different
sections that include the receiving and the transmitting section
as shown in Fig 5.
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Figure 5. Design Layout of the Software for test solution
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When a module receives a CAN message and is
determined to function as a transmitter, the message frame will
be divided into parts. The microcontroller will separate the
data to store it. The data set includes data bits, which are used
to verify the accuracy of the data to check the errors. When the
data has been verified, the data will be sent to the RF module
which functions to transmit the data and receives. The data
will be feedback after the transmission has been completed.
The receiver will receive the data. The RF module will receive
and send it to the microcontroller to processes. At this point,
the receiver becomes a CAN to transmit the data to the
destination device and to receive CAN data feedback to
confirm a complete transmission.
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IV. System Testing

Module RF
NRF24L01

CAN Transceiver
SNB5HVD230

Figure 6. Receivers and Transmitter Module

Fig 6 shows the CAN design circuit. These modules are
tested in two sets, receiver and transmitter part. The system is
tested in closed environment that does not have any signal
interference. The PCAN-View program and PCAN-USB are
used in the testing of the receiver and transmitter process.

Third node

Figure 7. Test Module Multi-node

Fig 7 shows the testing of four modules. The modules
receive CAN data from first module and send data to each
module. The CAN data is send back to PCAN-USB. The
PCAN-View program is used for testing CAN communication.

|Data | Period | count | Trigger
00 00 00 00 00 00 00 00 Wait 1 Hanual
0101 01 01 01 01 01 01 Wait 11 Hanual
02702 02 02 02 02 02 02 [Wait 11 Hanual

03 03 03 03 03 03 03 03 Wait 11 lanual

‘Connected to PEAK USE-CAN (1 MBitjsec) & [Overruns: 0 Qe 0

Figure 8. Message test CAN for the module

When a CAN message is sent to the microcontroller (Fig.
8), the message will be processed and send it to the RF



module. The LED is used to show the status of receiver or
transmitter the data.

The data, which has been received by the module, is
processed by the microcontroller to become a CAN message.
The value of each bit is added together by OxOlh and is
returned to the transmitting module. When the microcontroller
receives the data from the receiver, the data is examined and
processed to become a CAN message in order to send the
message to the PCAN-USB. The data of CAN message
received is difference from transmitted message as shown in
Fig.9.

| Period | Count | RTRPer. | RTR-Cnt.
B 01 01 01 01 01 01 01 01 1 [

i 02 02 02 02 02 02 02 02 1 0
003h E] 03 03 03 03 03 03 03 03 1 0

8 04 04 04 04 04 04 04 04 i [

[ Message  Length [ ata [ Period_[ Count | Trigger
F=I[000n 8 00 00 00 00 00 00 00 00 Wait |1 Manual
8 01 01 01 01 01 01 01 01 Wait 1 Manual
002k 8 02 02 02 02 02 02 02 02 Wait |1
£l 0303030303 030303 Wait T

Manual
Hanual

[ Connected to PEAK USB-CAN (1 MBit/sec) 8 (Overruns: 0

Figure 9. CAN messages that have been transmitted, received

QxmtFull: 0
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as the signal starts to fade over and also the time range
increases as well. But the module is still able to operate at
1Mbps. This tests results can be used to develop extend power
of antenna for working long distance. Also it can be used to
develop hardware and software which have memory for
recording address of many module and design protocol for
manage module in network group.
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NRF24L01 Single Chip 2.4GHz Transceiver

Distance/meter | Send-Receive A\;err::)gres oF REK:[]E;;Z h;on
1-3 Yes 0% Not
4-5 Yes 10% Not
6-7 Yes/not stable 50% Not
>8 Not stable >80% Yes
Table 1. test results the distance of modules in range

Table 1. shows the test results comparing to the distance of
modules. In the range of 1-3 meters, it can completely
communicate without re-sending message. In the range of 4-5
meters, the modules can communicate but it is not stable. This
is because the message data is not true and requests re-sending
of a new message from master module. In the range of 6-7
meters, the module is not stable if it is obstacled or the
position is out of antenna range. If the range more than 8
meters, the modules can not communicate to other modules
and it always requests RF-Module address. The module is not
operating if RF communication is not stable because each
module needs to check RF-Module address and standby for
communication the other modules in range.

V. Test result conclusion
The results show that the wireless CAN data
communication at a range of 1Mbps can work completely in
the 5 meters distance of each module. It requires also no
obstacles present. However, if the distance between the four
modules has been increased, the accuracy of the data decreases

http://www nordicsemi.com
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