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1 Introduction

The CANopen I/O application demonstrates the IXXAT CANopen Protocol Software for the I/F/I Advanced
CAN Module [1] on a DBC3C40 development board by devboards GmbH [2]. The DBC3C40 development
board features the EP3C40F484C7N Altera Cyclone Ill FPGA [3]. The example application is based on the
Advanced CAN Module reference design as provided by I/F/I.

2 System Requirements

The CANopen example application requires following components:

DBC3C40 development board by devboards GmbH
USB-Blaster by Altera Corporation

I/F/l CAN reference design for the Cyclone 11l EP3C40
Quartus Il EDS, NIOS Il Eclipse Platform

CAN interface with a CAN/CANopen bus monitor, for example CAN-to-USB compact and
MiniMon V3 or canAnalyser V2.7 by IXXAT Automation GmbH

3 Content of the Evaluation Kit

The IXXAT CANopen slave example for the I/F/I Advanced CAN Module for the Altera Cyclone Il FPGA is
shipped as compressed ZIP archive. The archive file contains the reference design as provided by I/F/I, an
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How to start the Example

executable SlaveDemo.elf, corresponding CANopen device description file both in EDS and XDD format
according to CiA 306 and CiA 311, and batch files to program the files to the DBC3C40 board and to start a
console to which the standard output of the CANopen slave is redirected.

= CAMNopen slave |/F/ Advanced CAN
= Design

D ifi_adv_can_ref_design, zof

=Y Releaze

D Slavelemo.elf
2l EDS

eds. DBC3C40.eds

dd DBC3C40.xdd

nios2-terminal. bat
program_SlaveDemo.bat
wirite_FLASH bat

Figure 1: Content of the CANopen I/F/l advanced CAN evaluation kit

4 How to start the Example

1.

Set up the hardware:

e Connect the Altera USB Blaster to the JTAG connector of the DBC3C40 development board

e Use a suitable adapter to connect the CAN bus to the CAN header P5 on the DBC3C40 board
e Power up the development board

Start a suitable CAN analyzer tool. Set the bit rate to 125 Kbit/s.

Use the provided script “program_SlaveDemo.bat” to download and program the reference design and
the CANopen example application on the evaluation board (Figure 2).

B C:AWINDOWS\system32\cmd. exe i | ﬂ

Using cahle "UsE-Elaster [USE-0]", dewice 1, instance 0x00
Resetting and pausing target processor: OK

hecksummed/read 37kE in 0.9s
Erased 448kE 1n 4.2s {106.6kEfs)

Programmed 412KE +36KE in 9.2s (48.6KEfs)

id not attempt to verify dewvice contents

arified 448KE in 10.8s {41.4KE/fs)

Leaving target processor paused

Using cahle "UsE-Elaster [USE-0]", dewice 1, dinstance 0x00
Resetting and pausing target processor: 0K

hecksummed/read BELE in 2.1s

Erased 64kE in 0.4s {160.0kE/s)

Frogrammed 107KB +21KB in 1.0s (128.0KR/s)

evice contents checksummed OK

erified 1Z8KE in 2.1s CGO.BKBQSD

Leaving target processor pause

ricken Sie eine heliebige Taste . . . o =

Figure 2: Download and programming of the CANopen example application
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How to start the Example

4. Reset the evaluation board (power-off/power-on cycle). The example application transmit a CANopen
NMT boot-up message to the CAN bus (Figure 3). Make sure that a CAN analyzer tool is started as de-

scribed in step 2.

B2/ CAN 1 - Receive |[=] <
File Wiew Functions Options Help
QT <No Filter> JE2 | == =] T | T ?

Mo Time [abz] State |D [hex) | Length | Meszage | Data [hex) ASCI o

1 02:32:20.728.824.0 oo ufu}
=

H 4P N\'-,Scmlljlf Dvenwrite / 1 3
@ Running Messages Received: 1 Crwerruns: 0
[EA CAN 1 - CANopen |[=] <
File Wiew Functions Trace Options Help

D QD FE| LG R M | m e by ?

Mode-1D | Device Mame | Profile |# | | Time (abs) 1D [hex] | Diata [hex) Mode-D (dec] | Object Type | Message j
g L= Joo:00:00.000.000.0 FO& 00 10 Bootup
&
7
]
9
@ 10 Ix¢aT cad.. Y am
12 v -
<] (2] W4/ »| M} Seroll { Ovenwite [ |4 | 3
& |running Messages received: 1 Cwerruns: O Inline Logging OFF Ready

Figure 3: NMT boot-up message of the CANopen example application
Upper image: raw data as transmitted on the CAN bus
Lower image: interpreted data as displayed in the CANopen Module for canAnalyser
V2.7 by IXXAT Automation GmbH

5. Start the script “nios2-terminal.bat”. The standard output that is redirected to the terminal provides basic
information with usage hints and internal messages on operations performed by the CANopen Protocol

Software (Figure 4).
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Description of the implemented Functionality

B C:AWINDOWS\system32\cmd. exe

~[5/x

LR L oL RS E PR PR PR PR PR AR AR AR TR AR AR L T L TR oL R L oL L RS R SR PR AL SR TR TR AR R AR T A A L L L oL o oL

Wik TXWAT CAMNopen Slawve demo applicaticn

FEE CANopen Version: 4.21.20
b v et b v B de b d v de v e e de d fede d de dr i de v et de d dede dde drd de v e de de d dode o de drd dede et de d dede dde de

This simple I/0 application demonstrates the IXXAT CANopen
Protoco]l Software for the I/F/I Adwvanced Awvalon CaAN Module

on a DECIC40 evaluation hoard.

The demo application starts a Cabopen Slave with node-ID
10d {0x0a) at a CAN bit rate of 125 kKbitfs. The CANopen
Slave application is prepared for the CAM_A interface of
the DECIC40 evaluation hoard.

After start-up, the demo apﬁ1ication transmits a boot-up
essage with the CAN-ID 70ah and one data byte 00h.

The MMT state of the demo application may hbe changed to
MMT state Operational by reguesting the MMT start remote
node serwvice:

CAN-ID 000h, data bytes 01h 0sh

After that, the I/0 application starts transmitting the
state of Button( to Button3 (mapped into object &000h
sub-index 01h) using TPDO1 with CAN-ID 184h.

here the first byte contains a wvalue for the LEDs (6200h
sub-index 01h), and the second byte for the 7-segment
display (6200h sub—index 02h).

Application ewvents:

Initialize COP ok

aiting for CAM bus connection
Device connected to CAN hus
Application s initialized
Application is running

The data received on CAN-ID 204h are interpreted as RRPDO1

Figure 4: NIOS Il terminal with output of the example application

5 Description of the implemented Functionality

The IXXAT CANopen Protocol Software example application for the I/F/I Advanced CAN Module for Altera
Cyclone Il FPGAs implements a simple 1/0 device according to CiA 401 CANopen device profile for generic
I/O modules. The application starts with the CANopen slave device with node-ID 104 at a CAN bit rate of
125 Kbit/s.

The following features are implemented:

2 x SDO server

2 x RPDO

2 x TPDO

Node guarding

Producer heartbeat time

Consumer heartbeat time

Error behavior

Digital inputs (mapped onto user buttons)

Digital outputs (mapped to LED and 7-segment elements)
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Examples

The default PDO mapping for RPDO1 includes objects 6200y, sub-index 01, (LED, D21:bit 0, D22:bit 1,
D23:bit 2, D24:bit 3, D17:bit 4, D18:bit 5, D19:bit 6, D20:bit 7) and 6200, sub-index 02;, (7-segment element,
u24).

The default PDO mapping for TPDO1 includes objects 6000, sub-index 01, (user buttons, P25:bit O,
P24:bit 1, P28:bit 2, P26:bit 3).

6 Examples

6.1 Manipulating the 7-segment element by SDO download

As described in the previous section the input data for the 7-Segment element is provided via object 6200y,
sub-index 02,. To manipulate the 3-Segment element CANopen SDO protocols can be used as described
below (Figure 5).

Transmit the following message from a suitable CAN tool:

B2/ CAN 1 - Receive =JoEd
File Yiew Functions Options Help
Q& | <hio Filker» B3 el =g T | AT ®
Ho Time: [abz) State 1D [hex) | Length | Message | Data [hex) ASCI -
1 00:00:34.345.525.2 5 a04 g 2F 0062 0Z EFO0 0000 Abib..
2 00:00:34.346.748.2 SEA g 6000 62 02 0O 00D 0000 " .b...
|

H 4P N\SCID",J: Dverribe J,I

@ Running Messages Received: 2 Crverruns: O

Figure 5: SDO download to node-ID 104, object 6200h sub-index 02, data EF;

CAN frame 1 uses the expedited SDO download protocol with CAN-ID 60A;, to write one data byte to the
referenced application object. The response frame 2 with CAN-ID 58A;, confirms the download request. The
7-segment element will display a value EF;,

6.2 Manipulating the LEDs and 7-segment using PDO write protocols

To use PDO protocols the CANopen slave device has to be transferred into NMT state Operational (Figure
6). This is achieved transmitting a NMT start remote node command (CAN frame 1). Upon entering NMT
state Operational the CANopen slave device will transmit once all its TPDO with transmission type 255
(frame 2). Following this you may transmit a PDO (PDO1) with CAN-ID 20A;, from your CAN tool containing
two data bytes (frame 3). LEDs D21, D23, D17, and D19 will be switched on, the 7-segment element will
display FE;.
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B2/ CAN 1 - Receive |[=] <
File %iew Functions Options Help
Q 7 [<Ho Fiter> (=R A D ?
Mo Time [absz] State ID [hes] | Length | Message | Data (hes) ASCH &
1 00:13:53.088.9234.0 = u] 2 0104
2 00:13:53.089.197 .6 184 1 oo .
] 00:13:59.150.151.1 5 Z04 2 S5 FE Up
=
H 4P N\Scmll,‘{ Dverribe /
@ Running Messages Received: 3 Crverruns: O

Figure 6: PDO write to node-ID 104. Data are mapped onto object 6200, sub-index 01 (LEDs), and
6200, sub-index 02, (7-segment element)

The examples above can be reproduced with any CAN tool supporting manual configuration and transmis-
sion of CAN frames. For a further evaluation of the CANopen slave shipped with the evaluation kit and the
possibilities of the CANopen protocol it is recommended to purchase commercial tools such as the IXXAT
canAnalyser (Figure 3, Figure 5, and Figure 6) or the IXXAT CANopen Device Manager (Figure 7).

g CAMopen Device Manager - DBC3C40 Cyclone Il IFI CAN

==X

File  Tools  Metwork  Help

RN=A" N

— )
Metwork Configuration | Device Management

PDO Servi

Device Selection

ices | Downloal 4 1% |

10 ™

Rescan Device

Service Data Objects
Device Description File

2 MigsathseminaritiunkAE zampleshDBC3CA0Nedz\DBLC30C40 eds

Object Dictionany
(o] 2000 Marufacturer specific DOMAIN 2 Byte

—
(o) 2002 Marufacturer specific DOMAINTZS Byte B |
=I-|Z Device Profile Area
+-{AkE BO00 Fead input 8 bit
—I-|ARE| G200 “write output 8 bit
[U&] 00 Murmber of ouputs 2 bit
[ug] 01 *hite outpok 0k ba 03k
[U&] 02 *fite output 09k ba 10k el
O AT N i [ L W i gy PR WP R N iy [ S C 5
Index Sub-Index Length [Data
g200 m 1 03
SD0 Channels Display Format
SD0O | R CAN-ID | Tk Cab Hexadecimal il
1 ) 584
[ Read ] [ Write ]
[ Readlofile | [ wiiefomFie |
(€] H Abort Transfer [J D0 Block Transfer

online CAN 1 (5TD, G4 125 khitjs)

L)

Figure 7: CANopen Device Manager, object dictionary access based on
the interpreted device description file shipped with the evaluation kit
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Order Numbers

7 Order Numbers

1.02.0122.61680 CANopen Slave Protocol Software for I/F/I Advanced CAN Module
1.02.0124.61680 CANopen Master/Slave Protocol Software for I/F/I Advanced CAN Module
1.02.0157.00000 CANopen Device Manager

1.02.0133.00000 canAnalyser

1.02.0145.00000 CANopen Module for canAnalyser

For order numbers for the I/F/I Advanced CAN Module contact the supplier of the IP-core directly [1].

8 References

[1] I/FI Ingenieurbiro fur IC-Technologie, http://www.ifi-pld.com/,

http://www.ifi-pld.com/IP/Advanced CAN/advanced can.html|

[2] devboards GmbH, http://www.devboards.de/
[3] Altera Corporation, http://www.altera.com/
[4] IXXAT Automation GmbH, http://www.ixxat.com/

USB-to-CAN compact, http://www.ixxat.com/usb-to-can-compact-interface en.htmil

IXXAT CANopen Device Manager http://www.ixxat.com/canopen_device_manager_en.html

IXXAT canAnalyser, http://www.ixxat.com/cananalyser_en.html|

9 Contact Information

Others

For a list of international distributors
please consult the IXXAT web page
under:

www.ixxat.de | contact | distributors

IXXAT Automation GmbH IXXAT Inc.

Leibnizstr. 15 120 Bedford Center Road
88250 Weingarten Bedford, NH 03110
Germany USA

Tel.: +49-(0)7 51 /5 61 46-0 Phone: +1-603-471-0800
Fax: +49-(0)7 51 /5 61 46-29 Fax: +1-603-471-0880
E-Mail: info@ixxat.de E-mail: sales@ixxat.com
Internet: www.ixxat.de Internet: www.ixxat.com
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