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Abstract

Recently, various industrial embedded systems including vehicles controlled electronically are evolving to
distributed multi-micro controller system. Accordingly, there is a need for standard CAN(Controller Area
Network) protocol that ensures high stability and reliability of communication and is simple to construct
object-oriented system with high control efficiency. CAN communication interface used general-purpose processor
doesn’t have many limitations in various application development because of fixed hardware architecture.

This paper design and implement a CAN communication interface system based on FPGA. It is verified
function and performance of system through monitoring communication with existing ATI90CAN128 controller.

Implemented CAN communication interface can be reused in development of application systems based on
FPGA. And it provides low-cost, small-size and low-power design advantages

Keywords : Embedded Processor system, CAN(Controller Area Network)
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3.1.1 Nios I A% nx=9 53
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» A CycloneTM EP1C20F400C7 device

P 8 Mbytes of flash memory

P 1 Mbyte of static RAM

P 16 Mbytes of SDRAM

» On-board logic for configuring the Cyclone device
from flash memory

P EPCS4 serial configuration device

P On-board Ethernet MAC/PHY device

» Two 5-V-tolerant expansion/prototype headers each
with access to 41 Cyclone user I/O pins

P Compact-Flash TM connector header for Type 1
Compact-Flash(CF) cards

» Mictor connector for hardware and software debug

P Two RS-232 DB9 serial ports

P Four push-button switches connected to Cyclone
user I/O pins

P Eight LEDs connected to Stratix user I/O pins
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p Dual 7-segment LED display

P JTAG connectors to Altera devices via Altera
download cables

P 50 MHz Oscillator and zero-skew clock distribution
circuitry

3.1.2 CAN IP 3t=94o] 4A

2% 6. Nios II Advanced CAN +AE
Fig. 6. Structure of Nios II Advanced CAN
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7V TFI Nios_II_Advanced_CAN IP 3o}l EA[15]~[17]

p» CAN 2.0B

- Standard or Extended Identifier
- Remote Frames, Error-Handling
P Up to 256 message transmit buffer
(FIFO Pointer accessible)
P Up to 256 message receive buffer
(FIFO Pointer accessible)

» Up to 256 message filters(2E WA A BEHE

one-MASK and one-Identifier-Register® %33} )

P Nios II embedded processor interface

P Silent mode

P High priority messages

P 32 Bit Time stamp(optional)
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Fig. 7. System configuration using SOPC Builder GUI
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(ifi_avalon_can_advanced_module.c)

P ifi_avalon_can_advanced_module_open()
- CAN ==9 %273}
~ Base, pointer to structure canall s with timing,
interrupt mask, status, mask and filter
» ifi_avalon_can_advanced_module_read()

- W2 RE el WARE glo] Soli, w3
FAHE UM

- Base, pointer to structure canmsg_s with identifier,
datal0], dlc

- AFHo2 gof Eold 1& =Edlm, ot A
stE -18 g " e
P ifi_avalon_can_advanced_module_write()
- e AR E Hgd
- Base, pointer to structure canmsg_s with identifier,
datal0], dic
- ATFHo2 9o Bold 18 e, Jgrt T
3t -12 glel o).
P ifi_avalon_can_advanced_module wr_int()
- JHHYES 43 Azh
- Base, Interrupt register
- A¥Aor 2dW 0% w#dstn, st wAsE,
-1& gt
P ifi_avalon_can_advanced_module_wr_filter()
- 31} 99 masks EB R 2}
- Base, filter number, filter mask, filter identifier
- AeHer 2¥ 0% #Hsta, Hgst dAsd
-1& ' gch
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int ifi_InitCan(struct canall_s *canall) // HW initialize
{ int baud;
int timea,timeb,prescale,samplepoint;
timea = 16; // 500kBaud at 50MHz system clock
timeb =8

prescale = 4;

canall->EPI_CANint =
IFI_NIOS_CAN_INT_MON_MSK +
IFI_NIOS_CAN_INT_MRNE_MSK +
IFI_NIOS_CAN_INT_MEON_MSK;
canall->EPT_CANtime =
IFI_NIOS_CAN_TIME_VON_MSK ~+
I[FI_NIOS_CAN_TIME_NM_MSK +
IFI_NIOS_CAN_TIME_AON_MSK -+
IFI_NIOS_CAN_TIME_BON_MSK +
((prescale-2) <<IFI_NIOS_CAN_TIME_VT_OFST)
+ ((timea-1) <<
IFI_NIOS_CAN_TIME_WTA_OFST)+((timeb-2));
prescale = 2 + ((canall->EPT_CANtime &
IFI_NIOS_CAN_TIME_VT_MSK)
>> IFI_NIOS_CAN_TIME_VT_OFST);
timea = 1 + ((canall->EPT_CANtime &
IFI_NIOS_CAN_TIME_WTA_MSK)
>> IFI_NIOS_CAN_TIME_WTA_OFST);
timeb = 2 + (canall->EPT_CANtime &
IFI_NIOS_CAN_TIME_WTB_MSK);

baud = (1 + timea + timeb);
samplepoint = (100 * (timea + 1)) / baud;
baud *= prescale;

baud = (ALT_CPU_FREQ / baud) / 1000;
return O;

}

2% 10. CAN9| HE golg# [RQ 24 % 2713}
Fig. 10. Bit timing, IRQ setting and initialization of CAN
int ifi_InitCanM(struct canall_s *canall) // ID Filter & Mask
{

/+Filter mask valid all other objects, this Filter MASK will use.®/
/%1 8% IDW 41, 0 0 BF 54/

// Filter Mask Valid Bits filtered

canall -> CANbuffer[0] = 0xa0000000;

// 1D Valid, Own ID

canall -> CANbuffer[1] = 0xal000000;

return 0;

2% 11. CAN ID Filter & Mask HE 4A
Fig. 11. CAN ID Filter & Mask bit setting

a9 11994 CAN IP 2o =29 IDE 0x01& AA
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Rl o] w, Filter Mask HIE #& ‘0% sl RE
=9 AZE FA%EE HA}AULT
while (1)
{
if (capture_a.irgent!=capture_a.irqdone)
{
printf("CAN Rx ");
ifi_avalon_can_advanced_read
(CANA_BASE, &rxmsg_a); //Incoming message Read
data = rxmsg_a.CANdatal0} //Data of Receive message
/*LED_PIO Display*/
JOWR_ALTERA_AVALON_PIO_DATA(LED_FIO_BASE, ~data),
ifi_PrCanuart{&rxmsg_a); //read data display message

//interrupt

//Receive Info.

capture_a.irqgdone++;

% 12, #41%E CAN "A)1Z] g
Fig. 12. Received CAN message handling
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/* Tx message CAN ID 0x02 Setting(EXT.) #/
obja EPA_CANid = (x22000000;
objaCANdatal0] = 0x000000f0; // Tx CANdata[0], Data Setting
obja.EPR_CANdic = 0x00000001; // Tx CAN Data Length Code
a3 13 £4 CAN AR 43
Fig. 13. Transmission CAN message setting

intifi_TxCan(alt_u32Zbase,structcanmsg_s*canmsg, intstart)
{
struct canmsg_s newmsg,
newmsg EPA_CANid = canmsg -> EPA_CANid;
newmsg.CANdatal0] = canmsg -> CANdatal0};
newmsg. EPR_CANdlc = canmsg -> EPR_CANdic;

return (ifi_avalon_can_advanced_write(base, &newmsg));

2% 14 CAN A4 3¢ A% 35
Fig. 14. Function for CAN message transmission

1Y 134 M CAN IP #ol7t 2% € Nios II 74 ®
oA 2% CAN =2 $A8 98 %79 CAN ©A
2l A B(ID, CANdatal0], CANdIc)E A4 v},

a8 Me AA CAN "WiAR $£4% 93 g =

Zlol AAAE FA WA HEZEE newmsgE T4,
9B CAN === o] CAN HAAE $43%d,
edge_capture =
IORD_ALTERA_AVALON_PIO_DATA(BUTTON_PIO_BASE);
data = edge_capture;
switch (data)
{
case Ox7:
obja.CANdata[0]=0x00000070;
IOWR_ALTERA_AVALON_PIO_DATA(SEVEN_SEG_PIO_BASE,
0x8F81);
break;
case (Oxb:
obja.CANdatal0}=0x000000b0;
IOWR_ALTERA_AVALON_PIO_DATA(SEVEN_SEG_PIO_BASE,
0xE081);
break;
caselxd:
obja.CANdatal0] = 0x000000d0;
IOWR_ALTERA_AVALON_PIO_DATA(SEVEN_SEG_PIO_BASE,
0xC281);
break;
case Oxe:
obja.CANdatal(] = 0x000000e0;
IOWR_ALTERA_AVALON_PIO_DATA(SEVEN_SEG_PIO_BASE,
0xB081);
break;
default:
obja.CANdata[0] = 0x000000£0;

IOWR_ALTERA_AVALON_PIO_DATA(SEVEN_SEG_FIO_BASE,

0xB3LY;
break;

29 15, $4 CAN WAA tjaF ol
Fig. 15. Transmission CAN message display
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Table 2. Experimental environment

P AL B : Altera Cyclone EPIC20F400C7
» CAN IP #o} WA : IFI_Nios_II_Advanced_CAN
Module(ifi_advanced_can-v6.8)
P 9% CAN HIZE ®=[23]
- CAN BEE# : ATHOCANI28(AVR-CAN)
» 9% CAN EdAH RE
- EAAW F : Phillips PCA82C250T
% Nios I 7% R=d]qe DC +5V AY A7}
T 43 120 Ohm 92
P AZEH 5 : Quartus I 8.0, Nios I IDE 80

42 CAN IP #°l9} 9% CAN == 2t Qgsjo]A A] 3
2 A
29 169 9% EdUAW B CAN IP 37t A%
H Nios II 7| Bmojq £44%= CAN HAxE &
AlEel CAN W24 o 2 2HojFo] 9 CAN =99 ¢
BHol2E d3aA g

a9 16, 93 EWAY
Fig. 16. External transceiver
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a3 17. CAN 34l Slgjdo] = F#((1)
Fig. 17. Implementation of CAN interface(1)

1% 18. CAN E4l clglHo]A FEH(2)
Fig. 18. Implementation of CAN interface(2)
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