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Introduction

1 Introduction

The CANopen API for .NET is a wrapper around theSSYEC
CANopen stack that is built on the Microsoft .NE&rhework.

The .NET framework provides a sophisticated wayngflementing
software libraries. These libraries are called mbdies.

The main advantages of implementing a softwareafibras .NET
assembly are:

- Common object oriented interface, which is easyrtderstand.

- The assembly can be used by many programming lgegua
like but not limited to C#, Visual Basic .NET, C-t/I.

- The object oriented interface is the very same lin.NET
languages. There is no need for “wrappers” anymore.

- Deployment of the assembly is very simple.

- Versioning support for each assembly.

It is assumed that you are familiar with CANopenl @S usage. This
includes the CiA specification 301 [1].

L-1114e_3 © SYS TEC electronic GmbH 2007 1
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1.1 Featuresof the CANopen API for .NET

The CANopen API for .NET provides a simple intedato the
SYS TEC CANopen stack.

It has the following common characteristics:

- Object oriented class model

- Supports the .NET framework 2.0

- Uses the .NET framework event model for CANopeméve
- Implements the .NET exception model

- Implemented in C++/CLI

- Provides XML file for IntelliSense documentation

The following CANopen functionality is currently gported:

- Multiple separate instances of CANopen (up to 1€ances
with SO-1085 and SO-1088)

- SYS TEC CAN-Wrapper as CAN driver, which supporSBJ
CANmodul, CAN-Ethernet-Gateway and more

- NMT master and slave (selectable at run time)

- Fixed object dictionary (may-be user extendablefuture
versions)

- 128 SDO clients

- One SDO server (the default one)

- 126 heartbeat consumers

- Heartbeat producer

- 126 emergency consumers

- Emergency producer

- LSS master

- Reception and transmission of plain CAN layer 23agges
(at least 20 COBs per direction may exist at thmeesame)

1.2 Typesof CANopen API for .NET

The CANopen API for .NET is available in variousp&g with
different capabilities.

2 © SYS TEC electronic GmbH 2007 L-1114e_3
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1.2.1 SO-1088 CANopen API for .NET
l[imited for SYSTEC CAN interfaces

This version is freely available for SYS TEC PCGAN interfaces,
e.g. all USB-CANmoduls.

1.2.2 SO-1085 CANopen API for .NET

This version may be used with CAN interfaces frotheo vendors
which are supported by the SYS TEC CAN-Wrapper.

1.2.3 SO-877 CANopen Source Code

The CANopen Source Code includes also the sourtieeocCANopen
API for .NET. It may be adapted and extended toryoeeds. For
example the object dictionary can be modified og tilumber of
CANopen instances can be increased or decreased.

1.3 Requirements

To use the CANopen API for .NET you must ensuret ttiee
following software packages are installed:

- Microsoft .NET framework 2.0
- Microsoft Visual C/C++ Runtime 2005 SP 1 [3]
- SYS TEC CAN-Wrapper (file CDRVWRAP.DLL)
- Supported CAN interface with the appropriate drjeg.
 SYS TEC USB-CANmodul
with SO-387 USB-CANmodul Utility Disk
* SYS TEC CAN-Ethernet-Gateway
with SO-1027 CAN-Ethernet-Gateway Utility Disk

L-1114e_3 © SYS TEC electronic GmbH 2007
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2 Directory structure

The software package has the following directomycttire.

Directory Content

/ Assembly CANopenDotNET.DLL,
CAN-Wrapper CDRVWRAP.DLL,
XML documentation for IntelliSense

/Demo.CppCLI/ Sample project for C++/CLI, which
demonstrates SDO client, NMT master, COB,
etc.

/Demo.Cs/ Sample project for C#, which demonstrates

SDO client, NMT master, COB, etc.
/Demo_ LSS Master.CppCLJLSS Master project for C++/CLI
/Demo LSS Master.Cs/ LSS Master project for C#
/Docu/ Manuals, e.g. this manual

Table 1. Directory structure

Because the assembly is located directly in thtlllasion directory,
this software package can be installed into youynliegtion directory
through the supplied setup file.

4 © SYS TEC electronic GmbH 2007 L-1114e_3
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3 Integration and installation

The assembly CANopenDotNET.DLL can be used witlgpamming
languages that support the .NET framework 2.0. Tihctudes for
example all languages that are supported by Midradsual Studio
2005.

Basically there are two ways how to integrate asemdbly into your
project: either as private or as shared assemhbred assemblies are
stored in the global assembly cache (GAC) on theptter and are
usable by multiple applications. To reference aedthassembly in the
GAC they need a globally uniqgue name, which isecaitrong name.
Currently, CANopenDotNET.DLL does not have got @ty name.
So it is not possible to install this assemblyha GAC.

The second and easiest way is to use the assemisftaly. That
means you just have to copy it to your applicasodirectory and
reference it from your application.

Additionally, the SYS TEC CAN-Wrapper CDRVWRAP.DLiust
be accessible. That means this DLL has to resitieerein your
application’s directory or the SYSTEM32 directorfyyour Windows
installation. It may be that the CAN-Wrapper wazatly installed by
another application. Then the condition mentionbdva is already
met.

3.1 Microsoft Visual Studio 2005

Adding a reference to an assembly in Visual Stugliery simple.

- Right click on the project entry in the Solutiondorer.

- Go to entry “References...” and “Add new referenceif.it is
a C++/CLI project or just “Add reference...” othereis

- Open the “Browse” tab and select “CANopenDotNET.DLL

- Press Ok to confirm

- Make sure that “local copy” is enabled for thiseasbly.

L-1114e_3 © SYS TEC electronic GmbH 2007 5
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The CANopen API for .NET provides IntelliSense daentation. To
use it you have to keep the XML file CANopenDotNENIL with
the DLL file.

3.2 Deployment

If you create a setup program for your applicatjast ensure that the
two DLL files CANopenDotNET.DLL and CDRVWRAP.DLL Wi
be copied to your application’s program directory.

Additionally the Microsoft .NET framework 2.0 anfiet Microsoft
Visual C/C++ Runtime 2005 SP1 must be installedtiom target
system (see 1.2.2).

If you use the software packages SO-1085 or SO-1y388 may use
the supplied setup file to install the completetwafe package to
your application’s program directory. This assumb necessary
preconditions.

6 © SYS TEC electronic GmbH 2007 L-1114e_3
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4 Object modd

4.1 Namespace CANopenDotNET

— — = uses
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| ,‘ T ! T T ) T —> creates
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I ! ! 1 I \ \ \ \ \ \
| [ | | | \ \ \ \ \ ‘\
| I | | | \ \ \ \ \ |
| ! I | | \ \ \ \ \ .
| ! I | | \ \ \ \ ' .
X [ | | | \ \ \ \ \\ |
| I | | | \ \ \ \ \ \
| | I | | \ \ \ \ \ \
[ \ \
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h I | | Il \ \ \ \ \ \
h I | | | \ \ \ \ \ \
| | | | | | \ | \ \ \ \
| [ | | | \ \ \ \ \ \
| ! ! | Class | \ \ \ \ \
| | ! I cLSSMaster | Class cCOB| ! \\ ! \ N
| I 1 \ \
" | | | I T \ \ \ \ \
K | | Class | 1 \ \ \ \
[ \ \
| ‘ I’ cHeartbeatConsumer| | : | Class ¢SDO \\ \ \\ \
" | I ! I | \ \ \
| | Class | | | I ! \ Class cNMT \\
| I cHeartbeatProducer [l | | [ I \ \
| ! ! I ClasscOD| | [ \
| | 1 I 1
[ | ! \
| Class | | | ! 1 M | N
cEmergencyConsumer [l | f | I | ! |
! | | | | | Class | Class
| | ! | | ) | cNMTMaster | cNMTSlave
Class | ! | I I ! ’
cEmergencyProducer | | | l\ ‘ | | | | | ;
| | I \ | I I ] ] | 4
I | I I 1 I I I I I I ,/
| | | | | | | I ! ! | ’
v v v v v v v I v V ¥
CANopen Stack
(o] (o] [ow] (] [me] [somem]
coB

The assembly CANopenDotNET.DLL comprises just oamespace

CANopenDotNET.

This namespace contains all classes, enumeratimhs/aue types
that implement the wrapper of the CANopen stacle @pplication is

only able to create instances of the cCANopen clEss other classes
are created by cCANopen instances. Some classethikcOD class
for the object dictionary exists only once per c@fEn instance.

Others may be created multiple times per cCANopstance.
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The following sections provide a short introductiom what the
assembly offers. For a complete reference seeosedt “Class
reference”.

4.1.1 ClasscCANopen

One object of this reference class represents didofen instance.
It creates all related objects like cSDO, cOD, cNMT. An object of

this class can be created directly by the appboatFurthermore, it
has to be disposed by the application if it is oxagler used anymore.
The disposing will shut down the CANopen instanceluding the

associated CAN driver instance and release all uress (i.e.

managed and unmanaged).

See section 7.4.

412 ClasscNMT
This abstract reference class models the local dMie machine.
See section 7.5.

4.1.3 ClasscNMTMaster

This reference class which provides the NMT mastectionality
like controlling and guarding of NMT slave nodetsisl derived from
the abstract class cNMT.

See section 7.6.

4.1.4 ClasscNMTSlave

This reference class which provides the NMT slavectionality. It is
derived from the abstract class cNMT.

See section 7.7.

8 © SYS TEC electronic GmbH 2007 L-1114e_3
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415 ClasscOD

This reference class models the local object chetip. It provides
methods for accessing the local object dictionary.

See section 7.8.

4.1.6 ClasscSDO

This reference class models one local SDO clieherd may exist
multiple instances which were created by the sa@é&Nvppen
instance. The application is responsible for dispp®ach instance
when it is no longer used.

See section 7.9.

4.1.7 ClasscCOB

This class provides the functionality to send amckive plain CAN
layer 2 messages, i.e. communication objects (C®@B)instance of
this class represents one communication objectrellmeay exist
multiple instances which were created by the sa@é&Nvppen

instance. The application is responsible for dispp®ach instance
when it is no longer used.

See section 7.10.

4.1.8 Class cHeartbeatConsumer

This reference class models one local heartbeaucoer. There may
exist multiple instances which were created by same cCANopen
instance. The application is responsible for dispp®ach instance
when it is no longer used.

See section 7.11.
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4.1.9 ClasscHeartbeatProducer

This reference class models the local heartbeauger.

See section 7.12.

4.1.10Class cEmer gencyConsumer

This reference class models the local emergencyuwoer.

See section 7.13.

4.1.11 Class cEmer gencyProducer

This reference class models the local emergencuoer.

See section 7.14.

4.1.12Class cL SSM aster

This reference class which provides the LSS mdatestionality to
configure LSS slaves.

See section 7.15.

4.1.13Enumer ations and value types

The namespace contains a bunch of enumerationyalnd types.
These are used as arguments for class methodsaodbedd in detail
when the corresponding methods are explained.

One important enumeration is enumCopKernel. Itesents the error
codes from the CANopen stack. The user gets inhtowith this
enumeration only in two situations: either it cash a
cCANopenException or it consumes the event cCANdpesntError
via the appropriate event handler.

10 © SYS TEC electronic GmbH 2007 L-1114e_3
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4.1.14Exception cCANopenException

This exception is thrown whenever a CANopen stacktion returns
an enumCopKernel error code. This is the case #ewere error
occurred and the function cannot continue the djera The
application should catch this exception wheneveails a CANopen
method. Otherwise the application would crash dhsan exception
was raised.

See section 7.2.

L-1114e_3 © SYS TEC electronic GmbH 2007 11
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5 Thread model

5.1 Processthread

The SYS TEC CANopen stack for Microsoft Windows susemulti-
threaded approach. It creates a process threaéafcn initialized
CANopen instance. This process thread is in chafgbe following
functions. It handles incoming messages over theN-BAs, like
request for the SDO server and heartbeats from teemodes. It
monitors timeouts, e.g. SDO transfer timeouts, @mdic task like the
heartbeat producer. Furthermore, it processes nwnplex tasks like
the switch mode selective command of the LSS maAuktitionally,
the SYS TEC CAN-Wrapper creates threads to prodeésdN
message, but that is totally transparent to thécgin.

It is important for the application, that delegatdsch are registered
for events are called within the CANopen instangetcess thread. It
is not allowed to call any methods of the CANopetNDST
namespace within the delegate if not stated otlserwiihat is because
the CANopen methods must be synchronized with thegss thread
and critical sections cannot be entered twice i@ same thread
without deadlock. Another reason is that it is adbwed to call
CANopen functions within an event callback functiewen without
multiple threads, because this may cause in ungtedale results.

To circumvent this problem you may start a workeead in your
delegate.

5.2 Reentrant and thread-safe methods

There is a difference between a reentrant methadaathread-safe
method.

A reentrant method may be called simultaneouslynbitiple threads
for different object instance. It is not safe tdl @areentrant method
by multiple threads for the very same object instan

12 © SYS TEC electronic GmbH 2007 L-1114e_3
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On the other hand a thread-safe method may belcsiheultaneously
by multiple threads for the same object instance.

Most CANopen methods are reentrant, but not thesdd- There
exist some exceptions: The constructors of the c@#dd class and
the ConnectToNet() resp. BeginConnectToNet() of tN®MT class
are neither reentrant nor thread-safe. The appitdias to assure
that these methods are not called simultaneousiyddtiple threads.

On the other hand the Get...() and Create...() methofdghe
cCANopen class are thread-safe.

L-1114e_3 © SYS TEC electronic GmbH 2007 13
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6 Object dictionary

In the current version the CANopen API for .NETpmvided with a
fixed default object dictionary. This object diatary should be
sufficient for most applications.

In the future, the CANopen API for .NET may suppayhamic object
dictionaries.

If you have access to the CANopen Source Code (BO-§ou are
able to extend the object dictionary to your needs.

14 © SYS TEC electronic GmbH 2007 L-1114e_3
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7 Classreference

7.1 Enumeration enumCopKerne

The enumeration enumCopKernel represents the eoaes from the
CANopen stack. The user gets in touch with thisnegnation only in
two situations: either it catches a cCANopenEx@aptr it consumes
the event cCANopen.EventError via the appropriaenehandler.

This enumeration is derived from the C enum typepternel from
the CANopen stack. It uses a similar naming schdine.constants of
enumCopKernel just use the prefix “k” instead ofClp” as
tCopKernel.

Table lists the most common used constants andrtteaning. If you
encounter other constants, please have a lookeirC&lNopen User
Manual L-1020 [2].

Constant Description

kSuccessful No error occurred.

klllegallnstance The CANopen instance does nott exis
was already initialized.

kNoFreelnstance The maximum number of CANgpen
instances has been reached.

kinvalidNodeld An invalid node ID was specified.

kNoResource A resource of the operating systemdgoul
not be created.

KinvalidParam Invalid parameters were specified.

kCdrvinitError An error occurred while initializinghe

117
a.

CAN driver (e.g. the selected hardwar
not present).

kCdrvinvalidDriverType An invalid driver type (tCawWinParam:
m_VxDType) was requested. This error

may be issued if the requested hardware
is not present, no free device is available
or SO-1088 is used with an unauthorized

type.
kCdrvDriverNotFound The necessary driver DLL (e.g.

L-1114e_3 © SYS TEC electronic GmbH 2007 15



CANopen API for .NET

Constant

Description

USBCAN32.DLL or ETHCAN.DLL)
was not found.

kCdrvinvalidDevNumber

An invalid device number vegecified.

kCdrvDevAlreadylnUse

The device which was seletsealready
in use.

kCobAlreadyExist

The requested COB-ID exists alye
This may occur if a SDO client to t
very same SDO server has been cre
before and was not disposed yet.

ad
he
ated

kCobCdrvStateSet

The CAN driver changed its state.

kObdlllegalPart

The accessed part of the ol
dictionary is unknown.

ject

kObdIndexNotEXxist

The specified object index doest
exist.

kObdSubindexNotExist The specified subindex dodsenest in
the object index.

kObdReadViolation Reading of a write-only object nst
allowed.

kObdWriteViolation Writing of a read-only object isot
allowed.

kObdAccessViolation Access to the specified objectnot
allowed.

kKNmtStateError An error occurred in the NMT st

machine.

ate

kSdoclnvalidParam

Invalid parameters were speciiedhe
SDO client.

kSdocClientNotExist

The selected SDO client dogdserst in
the object dictionary.

o

kSdocBusy The SDO client is busy, i.e. a trans
already running.

kSdocNoFreeEntry No free SDO client index available

kHbcNoFreeEntry No free heartbeat consumer e

available.

ntry

kLssmlllegalState

Method of cLSSMaster was callac
illegal state, i.e. in wrong order. Sof
methods may be called only in L
mode CONFIGURATION.

| i
me
5S

Table 2:

Constants of enumCopKer nel

16
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7.2 SDO abort codes

The CANopen communication profile [1] and specificas based on
it define several abort codes for SDO transferses€habort codes
may be sent by both communication partners. Fovemence, some

of them are explained below.

the
le

L-1114e_3 © SYS TEC electronic GmbH 2007

Value Description

0 Transfer finished successfully.

0x05030000L Toggle bit error.

0x05040000L The SDO transfer timed out. Mostly
CANopen device is not availab
anymore or the connection is broken.

0x05040001L Unknown command specifier.

0x05040002L Invalid block size

0x05040003L Invalid sequence number

0x05040004L CRC error

0x05040005L Out of memory

0x06010000L Unsupported access

0x06010001L Reading of a write-only object

0x06010002L Writing of a read-only object

0x06020000L Object does not exist

0x06040041L Object is not mappable to PDO

0x06040042L PDO length exceeded

0x06040043L Generic parameter incompatibility

0x06040047L Generic internal incompatibility

0x06060000L Access failed due to hardware error

0x06070010L Data type length does not match

0x06070012L Data type length too high

0x06070013L Data type length too low

0x06090011L Sub-index of object does not exist

0x06090030L Value range exceeded

0x06090031L Value too high

0x06090032L Value too low

0x06090036L Maximum value is less than minimum
value

0x060A0023L Resource is not available

0x08000000L General error

0x08000020L Data not transferred or stored

0x08000021L Data not transferred due to local @bnt

0x08000022L Data not transferred due to device st

17
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Value Description
0x08000023L Object dictionary does not exist

Table 3: SDO abort codes

7.3 Exception cCANopenException

This exception inherits ApplicationException. It Iwbe thrown

whenever a CANopen stack function returns an enyp@mel error

code unequal to enumCopKernel.kSuccessful. Thithescase if a
severe error occurred and the function cannot eoatthe operation.
The application should catch this exception whenatecalls a

CANopen method. Otherwise the application wouldslkrd such an
exception was raised.

7.3.1 Field m_ErrorCode

The public field m_ErrorCode is of type enumCopkarrand
represents the error code which was returned b AMdopen stack.

7.4 ClasscCANopen

One object of this reference class represents &idofden instance.
It creates all related objects like cSDO, cOD, cNMT. An object of

this class can be created directly by the appboatFurthermore, it
has to be disposed by the application if it is oxogler used anymore.
The disposing will shut down the CANopen instanceluding the

associated CAN driver instance and release all uress (i.e.

managed and unmanaged).
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7.4.1 Constructors

Syntax C#:
public cCANopen(
byte
enumCdrvBaudIndex
public cCANopen(
byte
reftCdrvWinParam
enumCdrvBaudIndex
public cCANopen(
byte
enumCdrvBaudIndex
bool
public cCANopen(
byte
ref tidentParam
enumCdrvBaudIndex
public cCANopen(
byte
reftCdrvWinParam
enumCdrvBaudIndex
bool
public cCANopen(
byte
ref tidentParam
enumCdrvBaudIndex
bool
public cCANopen(
byte
ref tidentParam
reftCdrvWinParam
enumCdrvBaudIndex
public cCANopen(
byte
ref tidentParam
reftCdrvWinParam
enumCdrvBaudIndex
bool

Parameters:
bLocalNodeld_p:

bLocalNodeld p,
BaudIndex_p);

bLocalNodeld p,
CdrvParam_p,
BaudIndex_p);

bLocalNodeld p,
Baudindex_p,
fMaster_p);

bLocalNodeld p,
Identity p,
BaudIndex_p);

bLocalNodeld p,
CdrvParam_p,
BaudIndex_p,
fMaster_p);

bLocalNodeld p,
Identity_p,
BaudIndex_p,
fMaster_p);

bLocalNodeld p,
Identity_p,
CdrvParam_p,
BaudIndex_p);

bLocalNodeld p,
Identity_p,
CdrvParam_p,
BaudIndex_p,
fMaster_p);

node ID of this CANopen instance
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Identity p: identity of this CANopen device, e.g@vite type,
vendor ID, product code, etc. If not specified it
defaults to the values of the object dictionary.

CdrvParam_p: parameters for the SYS TEC CAN-Wrappeer. If
not specified an arbitrary USB-CANmodul will be
used.

BaudIindex_p: index of the baudrate which the CANtialer shall
use.

fMaster_p: indicates if this CANopen instance shalNMT

master (true) or slave (false). If not specified NM
master will be selected.

Return:
N/A.

Description:

Overloaded constructor, that creates a CANoperamast with the
supplied parameters. The constructors are NOT dihsafe.

Field Type Description

m_dwDeviceType | int Device type resp. profile (objéx1000
of local OD)

m_dwVendorld int Vendor ID (object 0x1018/1 of |b&D)

m_dwProductCode int Product code (object 0x1018/20cal
OD)

m_dwRevision int Revision number (object 0x1018/B| o
local OD)

m_dwSerNum int Serial number (object 0x1018/4 afalp
OD)

m_sDevName string Device name (object 0x1008 dfllQD)

m_sHwVersion string Hardware version (object 0x100®cal
OD)

m_sSwVersion string Software version (object Ox1@dAocal
OD)

Table 4: Fields of tldentParam

Field Type Description

m_VxDType enumVxDType | CAN hardware type

m_ThreadPriority | enumThreadPrid?riority of CAN-Wrapper thread
ity
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rar

Field Type Description

m_bDeviceNr byte Device number (255 for an arbjt
device)

m_wIOBase short IO base address (only valid for ¢3AlS)

m_bIRQ byte IRQ (only valid for ISA cards)

m_IpAddress Net::IPAddress| IP address (only validGAN-Ethernet;
Gateway)

m_wIPPort int IP port in range 1 - 65535 (only dafior
CAN-Ethernet-Gateway)

m_dwReconnectTi int Reconnect timeout (only valid for CAl

meout Ethernet-Gateway)

m_dwConnectTimeint Connect timeout (only valid for CAN

out Ethernet-Gateway)

m_dwDisconnectTjint Disconnect timeout (only valid for CAN

meout Ethernet-Gateway)

m_blpProtocol byte IP protocol, 0 = TCP, 1 = UDRI

valid for CAN-Ethernet-Gateway)

Table 5: Fields of tCdrvwWinParam
Constant Description
kAutoDetect Autodetect strategy
kPhyCAN PhyCAN driver with pcNetCAN card
kPCAN V1 ISA PCAN 1.x driver with pcNetCAN card

KPCAN_V1 Dongle

PCAN 1.x driver with PCAN-Dongle

kUSBCAN SYS TEC USB-CANmodul driver
kPCAN_PCI PCAN-PCI driver with PCI card
kPCAN V2 ISA PCAN 2.x driver with pcNETCAN carc

KPCAN_V2 Dongle

PCAN 2.x driver with PCAN-Dongle

kPCAN V2 PCI PCAN 2.x driver PCI card
KPCAN_Dongle PCAN-Dongle-Driver
kKPCAN_USB PEAK USB-CAN-Modul

kSCANCONN_USB

SYSTEC CAN Connector with US
CANmModul

kSCANCONN_ETH

SYSTEC CAN Connector with CA
Ethernet Gateway

KETHCAN ETHERNET-CAN-GATEWAY-Driver
KPCAN_V2 USB PCAN 2.x driver with PCAN-USB
KiniDetect Read parameters from INI file

Table 6: Constants of enumVxDType

L-1114e_3 © SYS TEC electronic GmbH 2007
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Constant Description

kNormal Normal thread priority
kHighest Highest thread priority
kTimeCritical Time critical thread priority

Table 7: Constants of enumThreadPriority

Constant Description
ki1MBaud 1 MBit/sec
k800kBaud 800 kBit/sec
k500kBaud 500 kBit/sec
k250kBaud 250 kBit/sec
k125kBaud 125 kBit/sec
k100kBaud 100 kBit/sec
k50kBaud 50 kBit/sec
k20kBaud 20 kBit/sec
k10kBaud 10 kBit/sec

Table 8: Constants of enumCdrvBaudl ndex

7.4.2 Method Dispose()

Syntax C#:
public sealedoverridevoid Dispose();

Parameters:
N/A.

Return:
N/A.

Description:

The Dispose() method has to be called when this @ instance
iIs no longer used anymore. This method shuts diwenG@ANopen
instance and releases all unmanaged resources.
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7.4.3 Delegate EventErrorHandler()

Syntax C#:
public delegateroid EventErrorHandler (
object Sender_p,
enumCopKernel ErrorCode_p,
object pArg_p);
Parameters:
Sender_p: Sender of the error event, i.e. thiscbbje
ErrorCode_p: Error code from the CANopen stack
pArg_p: Object which contains details of the eewvent. The
class of the object depends on the error code.
Return:
N/A.
Description:

This is the delegate type for error events (Evewotftrfrom the
CANopen stack.

7.4.4 Event EventError

Syntax C#:
public eventEventErrorHandleEventError;

Description:

This event signals errors from the CANopen stadgifered event
handlers are called within the CANopen instanceisgss thread.
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7.45 Method GEtNMT()

Syntax C#:
publiccNMT GetNM T ();

Parameters:
N/A.

Return:

cNMT Singleton object of either class cNMTMaster or
cNMTSlave

Description:

This method returns the related cNMT object of tkisNopen
instance. This object must not be diposed. Thishatets thread-safe.

7.4.6 Method GetOD()

Syntax C#:
publiccOD GetOD();

Parameters:
N/A.

Return:
cOD Singleton object of class cOD

Description:

This method returns the related cOD object of @4dNopen instance.
This object must not be diposed. This method isatirsafe.
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7.4.7 Method GetHeartbeatProducer()

Syntax C#:
public cHeartbeatProducé&etHeartbeatProducer ();

Parameters:
N/A.

Return:
cHeartbeatProducer Singleton object of class cHeatProducer

Description:

This method returns the related cHeartbeatProdobgrct of this
CANopen instance. This object must not be dipo3&is method is
thread-safe.

7.4.8 Method GetEmergencyConsumer ()

Syntax C#:
public cEmergencyConsum&etEmer gencyConsumer ();

Parameters:
N/A.

Return:
cEmergencyConsumer Singleton object of class cEeneygConsumer

Description:
This method returns the related cEmergencyConswimerct of this

CANopen instance. This object must not be dipo3&is method is
thread-safe.
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7.4.9 Method GetEmergencyProducer ()

Syntax C#:
public cEmergencyProducé&etEmer gencyProducer ();

Parameters:
N/A.

Return:
cEmergencyProducer Singleton object of class cEemesgProducer

Description:

This method returns the related cEmergencyProdabgct of this
CANopen instance. This object must not be dipo3&s method is
thread-safe.

7.4.10Method GetL SSMaster ()

Syntax C#:
publiccLSSMasteiGetL SSMaster ();

Parameters:
N/A.

Return:
cLSSMaster Singleton object of class cLSSMaster

Description:

This method returns the related cLSSMaster objethis CANopen
instance. This object must not be diposed. Thidatets thread-safe.
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7.4.11Method CreateCOB()

Syntax C#:
publiccCOB CreateCOB(
int dwCobld_p,
enumCobType CobType_p,
object pObject_p);
publiccCOB CreateCOB(
int dwCobld_p,
enumCobType CobType_p,
object pObject_p,
int dwCycleTime_p);
Parameters:
dwCobld_p: COB-ID of the CAN message
CobType_p: Type of the CAN message
pObject_p: Object of a blittable type (e.g. valyeetlike
primitive types, reference types which are laid out
sequential or array of Byte) with a maximum size of
bytes.
Sending of boxed value types makes only senseyf th
can be updated without creating a new object (AFAIK
this is only possible with C++/CLI). The only satun
is to wrap value types in a new reference type and
specify sequential layout.
dwCycleTime_p Cycle time for cyclic Tx CAN messagescified in
100 ps.
Return:
cCOB Newly created object of class cCOB
Description:

This method returns a cCOB object which was creatgt the
supplied parameters. This object has to be dispibseds no longer

used anymore.

Constant Description

kSend standard CAN messages to send
kRecv standard CAN messages to receive
kRmtSend receive data as answer of RTR frame
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Constant Description

kKRmtRecv send data as answer of RTR frame

kForceSend standard CAN messages to send and
forced by received RTR frame

kForceRmtRecv send data as answer of RTR frame and
with CobSend(immediately=TRUE)

kCyclicSend standard CAN message which is |sent
cyclically

kCyclicRmtSend RTR frame which is sent cyclically

KFilter filter for COB type

KExtended extended CAN message (CAN2.0B)

Table 9: Constants of [ Flags] enumCOBType

7.4.12Method CreateHeartbeatConsumer ()

Syntax C#:
public cHeartbeatConsum@r eateH ear tbeatConsumer (

byte bNodeld_p,

short wHeartbeatTime_p);
Parameters:
bNodeld_p: Node ID of the heartbeat producer
wHeartbeatTime_:p Time of heartbeat in [ms] which should be largamnth

the one of the producer

Return:
cHeartbeatConsumer Newly created object of clagadHeatConsumer
Description:

This method returns a cHeartbeatConsumer objeathmias created
with the supplied parameters. This object has tdipesed if it is no
longer used anymore.

7.4.13Method CreateSDO()

Syntax C#:

publiccSDOCreateSDO(
byte bServerNodeld_p,
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short wClientindex_p,

int dwRxCanld_p,

int dwTxCanld_p);
Parameters:
bServerNodeld_p: Destination node ID
wClientindex_p: SDO client index to be used; 0 nseidnat arbitrary

client index will be used; other valid values are
0x1280 - Ox12FF

dwRxCanld_p: receive CAN-ID; 0 means that defalllCSserver
will be used

dwTxCanld_p: transmit CAN-ID; O means that def&MtO server
will be used

Return:

cSDO Newly created object of class cSDO

Description:

This method returns a ¢cSDO object which was createt the
supplied parameters. This object has to be dipdsgds no longer
used anymore.

7.4.14Method GetM axl nstances()

Syntax C#:
public staticint GetM ax| nstances();

Parameters:
N/A.

Return:
int Number of supported object instances

Description:

This method returns the maximum supported numbeKSANopen
instances of this assembly.
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7.4.15Method GetStackVersion()

Syntax C#:

public staticvoid GetStackVersion(
reftVersion Version_p);

Parameters:

Version_p: Contains the version number in format
m_bMajor.m_bMinor.m_wRelease.

Return:
N/A.

Description:
This method returns the version number of the CAdogtack.

Field Type Description

m_bMajor byte Major version number
m_bMinor byte Minor version number
m_wRelease short Release number

Table 10: Fields of tVersion

7.5 ClasscNMT

This abstract reference class models the local $Mie machine.

7.5.1 Delegate EventNmtHandler ()

Syntax C#:

public delegatevoid EventNmtHandler (
enumNMTEvent NmtEvent_p,
enumNMT State NmtState p);

Parameters:
NmtEvent_p: Occured NMT event
NmtState_p: Current NMT state
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Return:
N/A.

Description:

This is the delegate type for local NMT events \ahiesult in NMT

state changes.

Constant Description
KEnterlnitialising Initialize NMT state machine
kResetNode Reset node resp. application

kPreResetCommunication

Before entering reset conuation

kResetCommunication

Reset communication

kPostResetCommunication

After reset communication

KEnterPreOperational Enter NMT state PRE-OPERATIQNA
KEnterOperational Enter NMT state OPERATIONAL
KEnterStopped Enter NMT state STOPPED

Table11l: Constants of enumNMTEvent

Constant Description

Kinitialisation NMT state INITIALISATION
kPreOperational NMT state PRE-OPERATIONAL
kOperational NMT state OPERATIONAL
kStopped NMT state STOPPED

Table12:  Constants of enumMNMTSate

7.5.2 Event EventNmt

Syntax C#:

public eventEventNmtHandleEventNmt;

Description:

This event signals local NMT state changes. Regidteevent
handlers are called within the CANopen instanceisgss thread.
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7.5.3 Delegate EventNmtSlaveHandler ()

Syntax C#:

public delegatevoid EventNmtSlaveHandler (
byte bNodeld_p,
enumNMTErrorControlEvent NmtmEvent_p,
enumNMT State NmtState p);

Par ameters:

bNodeld_p: Node ID of the affected CANopen device

NmtmEvent_p: Occured NMT error control event

NmtState_p: Most recently transmitted NMT statéhef specified

node

Return:

N/A.

Description:

This is the delegate type for NMT error control mgewhich indicate
changes of guarded nodes. This delegate is uséielbgNMTMaster
and cHeartbeatConsumer class.

7.5.4 Method ConnectToNet()

Syntax C#:
public virtual void ConnectToNet();

Parameters:
N/A.

Return:
N/A.

Description:

This is a virtual method which initializes this CApken instances and
drives the NMT state machine until PRE-OPERATIONATLhere
must not be called any CANopen methods until the TNBtate
machine is in state PRE-OPERATIONAL.
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This method is neither thread-safe nor reentrant.
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7.5.5 Method BeginConnectToNet()

Syntax C#:
public IAsyncResulBeginConnect T oNet(
AsyncCallback delegateAsyncCallback _p,
object pAsyncState p);
Parameters:
delegateAsyncCallback_p: Delegate which will béechivhen the process has
finished.
Specifying a null reference is allowed. The delegat
may be called within the CANopen instance's process
thread. Therefore it is only allowed to call the
CANopen method EndConnectToNet() within the
delegate.
pAsyncState_p: Associated application specific cibje
Return:
IAsyncResult Object of interface IAsyncResult, whioay be used
to wait asynchronously for the end of the process.
Description:

This method which initializes this CANopen instasi@nd drives the
NMT state machine until PRE-OPERATIONAL by callitfge virtual
method ConnectToNet(). There must not be called @AjNopen
methods until the NMT state machine is in state PRE
OPERATIONAL.

The only exception is the method EndConnectToNetf)ch must be
called afterwards.

This method is neither thread-safe nor reentrant.
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7.5.6 Method EndConnectToNet()

Syntax C#:

public void EndConnect T oNet(
IAsyncResult pAsyncResult_p);

Parameters:

pAsyncResult_p: Object of interface IAsyncResulickhwas returned
by the method BeginConnectToNet()

Return:
N/A.

Description:

This method waits until this CANopen instancesisialized and the
NMT state is PRE-OPERATIONAL.

This method is NOT thread-safe, but reentrant.

7.6 ClasscNMTMaster

This reference class which provides the NMT mastectionality
like controlling and guarding of NMT slave nodetsisl derived from
the abstract class cNMT.

7.6.1 Event EventNmtSlave

Syntax C#:
public eventctNMT.EventNmtSlaveHandldeventNmtSlave;

Description:

This event signals changes of the guarded slave,mad. boot-up,
connection loss or NMT state changes.

This event IS of the same delegate as
cHeartbeatConsumer.EventHeartbeat. Registered dwaemdlers are
called within the CANopen instance's process thread
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7.6.2 Method AddSlaveNode()

Syntax C#:

public void AddSlaveNode(
byte bNodeld_p);

Parameters:
bNodeld_p: Slave node ID

Return:
N/A.

Description:

This method adds the specified node ID as slavee.nddter
execution of this method boot-up events are foredrfbr this node
and guarding may be configured.

This method is thread-safe.

7.6.3 Method ConfigureLifeGuard()

Syntax C#:
public void ConfigureLifeGuard(
byte bNodeld_p,
ref tLifeGuardParam LgParam_p);
Parameters:
bNodeld_p: Slave node ID
LgParam_p: Life guarding parameters (time and facto
Return:
N/A.
Description:

This method configures the specified life guardoagameters for the
slave node.

This method is thread-safe.
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Field Type Description

m_wTime short Guard time in 1 [ms] that is the &
in which the slave is polled by the master.

m_bFactor byte Factor multiplied by the guard tignees
the live time of the slave. If the slave does
not respond within that time an event is
raised.

Table13:  Fields of tLifeGuardParam

7.6.4 Method GetSlavel nfo()

Syntax C#:

public void GetSlavel nfo(

byte bNodeld_p,
ref tSlavelnfo Slavelnfo_p);

Parameters:

bNodeld_p: Slave node ID

Slavelnfo_p: Slave node information like NMT stated guarding

state

Return:

N/A.

Description:

This method returns some information about theifipdcslave node.

This method is thread-safe.

Field Type Description

m_bLostMsgCount byte Counter of lost messages, i.e. responses
from the slave node.

m_NMT State enumNMTState Recently transmitted NMatestof the
slave node.

m_fLgActive bool Indicates if life guarding is cemntly
active.

m_fNgActive bool Indicates if node guarding is ety
active. It will be set if a single node guard
request was sent to the slave node. And it
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Field Type Description

will be reset if that request is responded.

Table 14: Fields of t9avelnfo

7.6.5 Method SendCommand()

Syntax C#:
public void SendCommand(
byte bNodeld_p,
enumNMTCommand Command_p);
Parameters:
bNodeld_p: Destination node ID; value 0 means @dles
including ourselves (except for NMT commands
kResetNode and kResetCommunication); the local
node ID is also valid
Return:
N/A.
Description:

This method sends the specified NMT command to gpecified
node. Except kResetNode and kResetCommunicatiomlfanodes,
these commands are also executed on this CANopsance if
applicable.

This method is thread-safe.

Constant Description

kStartRemoteNode Start remote  node, i.e. enter
OPERATIONAL.

kStopRemoteNode Stop remote node, i.e. enter STOPPE

KEnterPreOperational Enter PRE-OPERATIONAL.

kResetNode Reset Node.

kResetCommunication Reset Communication.

Table15: Constants of enumNMTCommand
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7.6.6 Method Trigger NodeGuard()

Syntax C#:

publicvoid Trigger NodeGuar d(
byte bNodeld_p);

Parameters:
bNodeld_p: Slave node ID

Return:

N/A.

Description:

This method triggers one node guard for this stade.

This method is thread-safe.

7.6.7 Method DeleteSlaveNode()

Syntax C#:

public void DeleteSlaveNode(
byte bNodeld_p);

Parameters:
bNodeld_p: Slave node ID

Return:
N/A.

Description:

This method deletes the specified node ID as slaage. After
execution of this method for example no boot-up néveare
forwarded for this node.

This method is thread-safe.
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7.7 ClasscNMTSave

This reference class which provides the NMT slawectionality. It is
derived from the abstract class cNMT.

7.7.1 Delegate EventNmtCommandHandler ()

Syntax C#:

public delegatevoid EventNmtCommandHandler (
enumNMTCommand NmtCommand_p);

Parameters:
NmtCommand_p: Received NMT command

Return:
N/A.

Description:

This is the delegate type for received NMT commaridthe event
handler throws a cCANopenException the NMT commarnldl be
rejected and not processed.

7.7.2 Event EventNmtCommand

Syntax C#:
public eventEventNmtCommandHandl&ventNmtCommand;

Description:

This Event notifies the application about receidT commands. If
any event handler throws a cCANopenException thefTNddmmand
will be rejected and not processed. Registered tekandlers are
called within the CANopen instance's process thread
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7.7.3 Method BootNetwork()

Syntax C#:
public void BootNetwor k();

Parameters:
N/A.

Return:
N/A.

Description:

This method sends the NMT command Start Remote Nodall
nodes. Afterwards it enters itself the NMT stateERRTIONAL.
This method may be used by NMT slave devices witlple startup
capability.

This method is thread-safe.

7.8 ClasscOD

This reference class models the local object dchetip. It provides
methods for accessing the local object dictionary.

7.8.1 Method ReadObject()

Syntax C#:
public void ReadObj ect(
int windex_p,
byte bSubindex_p,
object pObject_p);
Parameters:
windex_p: Index of object dictionary. It actuallglg has a range
from O to 65535. The data type int is used becatise
CLS compliance.
bSubindex_p: Subindex of object dictionary
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pObject_p: Object of a blittable type (e.g. valyeetlike
primitive types, reference types which are laid out
sequential or array of Byte).

Return:
N/A.

Description:
This method reads the specified object from thealloobject
dictionary to the content of the specified refeeetype.

This method is thread-safe.

7.8.2 Method ReadObject(String)

Syntax C#:
public void ReadObj ect(
int windex_p,
byte bSublindex_p,
ref string pString_p,
int dwMaxStringSize_p);
Parameters:
windex_p: Index of object dictionary. It actuallglg has a range
from O to 65535. The data type int is used becatise
CLS compliance.
bSubindex_p: Subindex of object dictionary
pString_p: Reference to newly created String wiwdhcontain
the read value.
dwMaxStringSize_p: Maximum size of the String thlt be created.
Return:
N/A.
Description:

This method reads the specified object of type VIBIKR from the
local object dictionary to a newly created Strirgeat.

This method is thread-safe.
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7.8.3 Method WriteObject()

Syntax C#:
public void WriteObject(
int windex_p,
byte bSublindex_p,
object pObject_p);
Parameters:
windex_p: Index of object dictionary. It actuallglg has a range
from 0 to 65535. The data type int is used becatise
CLS compliance.
bSubindex_p: Subindex of object dictionary
pObject_p: Object of a blittable type (e.g. valyeetlike
primitive types, reference types which are laid out
sequential or array of Byte).
Return:
N/A.
Description:

This method writes the content of the specifie@nm&fice type to the
specified object of the local object dictionary.

This method is thread-safe.

7.8.4 Method WriteObject(String)

Syntax C#:
public void WriteObject(
int windex_p,
byte bSubindex_p,
string pString_p);
Parameters:
windex_p: Index of object dictionary. It actuallglg has a range
from 0 to 65535. The data type int is used becatise
CLS compliance.
bSubindex_p: Subindex of object dictionary
pString_p: String which will be written.
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Return:
N/A.

Description:

This method writes the specified String to the dpext object of the
local object dictionary.

This method is thread-safe.

79 ClasscSDO

This reference class models one local SDO clieherd may exist
multiple instances which were created by the sa@é&Nvppen
instance. The application is responsible for dispp®ach instance
when it is no longer used.

7.9.1 Delegate EventSdoFinishedHandler()

Syntax C#:
public delegatevoid EventSdoFinishedHandler (

object Sender_p,

byte bServerNodeld_p,

object pObject_p,

enumSDOState SdoState_p,

int dwAbortCode_p,

int dwTransmittedBytes_p);
Parameters:
pSender_p: Sender of this event
bServerNodeld p: Node ID of the associated SDQCeserv
pObject_p: Object which contains the received ot data.
SdoState_p: State of the SDO transfer.
dwAbortCode_p: SDO abort code (0 if transfer fiedlsuccessfully).
dwTransmittedBytes_p:  Number of Bytes which weams$mitted by the SDO

transfer.

Return:
N/A.
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Description:
This is the delegate type for SDO finished events.

Constant Description

kNotActive No transfer active.

KRunning Transfer is running.

kTxAborted Transmission was aborted.
kRxAborted Reception was aborted.

KFinish Transfer has finished successfully.

Table16: Constants of enumSDOSate

7.9.2 Event EventSdoFinished

Syntax C#:
public eventEventSdoFinishedHandl&ventSdoFinished;

Description:

This event notifies the application that the SDénsfer has finished
and passes the information of the finished SDO steanto the

application. Registered event handlers are calidiimthe CANopen

instance's process thread.

7.9.3 Method Disposeg()

Syntax C#:
public sealedoverridevoid Dispose();

Parameters:
N/A.

Return:
N/A.
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Description:

The Dispose() method has to be called when this 8t is no
longer used anymore. This method releases thespamneling SDO
client index in the object dictionary.

This method is NOT thread-safe, but reentrant.

7.9.4 Method ReadODbject()

Syntax C#:
public void ReadObj ect(
int windex_p,
byte bSubindex_p,
object pObject_p);
public void ReadObj ect(
int windex_p,
byte bSubindex_p,
object pObject_p,
enumSDOType Type_p);
Parameters:
windex_p: Index of object dictionary. It actuallglg has a range
from O to 65535. The data type int is used becatise
CLS compliance.
bSubindex_p: Subindex of object dictionary
pObject_p: Object of a blittable type (e.g. valyeetlike

primitive types, reference types which are laid out
sequential or array of Byte).

Type_p: Type of SDO transfer. This type is ignoifdtere are
transferred only up to 4 bytes, because theseférans
are performed as expedited transfers. It defanilts t
enumSDOType.kAuto if not specified.

Return:
N/A.

Description:

This method reads the specified object from theo@ated SDO
server to the content of the specified referenpe.tyVhen the transfer
finishes the event EventSdoFinished will be raised.
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This method does not block until the transfermgsthed. Via the same
SDO client only one transfer can be executed asdinge time.

This method is NOT thread-safe, but reentrant.

Constant Description
kAuto First try to use block transfer and if that
iIs rejected by the SDO server use
segmented transfer.
kSegment Use segmented transfer.
kBlock Use block transfer.

Table17:  Constants of enumSDOType

7.9.5 Method ReadObject(String)

Syntax C#:
public void ReadObj ect(
int windex_p,
byte bSubindex_p,
int dwsStringSize_p);
public void ReadObj ect(
int windex_p,
byte bSubindex_p,
int dwsStringSize_p,
enumSDOType Type_p);
Parameters:
windex_p: Index of object dictionary. It actuallglg has a range
from 0 to 65535. The data type int is used becatise
CLS compliance.
bSubindex_p: Subindex of object dictionary
dwStringSize_p: Maximum size which will be transést.
Type_p: Type of SDO transfer. This type is ignoifdétiere are

transferred only up to 4 bytes, because theseférans
are performed as expedited transfers. It defaallts t
enumSDOType.kAuto if not specified.
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Return:
N/A.

Description:

This method reads the specified object of type VIBIKR from the
associated SDO server to a newly created StringcabyWhen the
transfer finishes the event EventSdoFinished valtdised.

This method does not block until the transfermssthed. Via the same
SDO client only one transfer can be executed asdinge time.

This method is NOT thread-safe, but reentrant.

7.9.6 Method BeginReadObject()

Syntax C#:
public IAsyncResulBeginReadObject(
int windex_p,
byte bSubindex_p,
object pObject_p,
enumSDOType Type_p);
Parameters:
windex_p: Index of object dictionary. It actuallglg has a range
from 0 to 65535. The data type int is used becatise
CLS compliance.
bSubindex_p: Subindex of object dictionary
pObject_p: Object of a blittable type (e.g. valyeetlike

primitive types, reference types which are laid out
sequential or array of Byte).

Type_p: Type of SDO transfer. This type is ignoifétiere are
transferred only up to 4 bytes, because theseférans
are performed as expedited transfers.

Return:

IAsyncResult: Object of interface IAsyncResult, efhimay be used
to wait asynchronously for the end of the transfer.
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Description:
This method reads the specified object from theo@ated SDO

server to the content of the specified referenpe.tyVhen the transfer
finishes the event EventSdoFinished will be raised.

This method does not block until the transfer isistied. The
application must call the method EndReadObiject{h whe returned
IAsyncResult afterwards. Via the same SDO clierly @me transfer
can be executed at the same time.

This method is NOT thread-safe, but reentrant.

7.9.7 Method BeginReadObject(String)

Syntax C#:

public IAsyncResulBeginReadObject(
int windex_p,
byte bSubindex_p,
int dwStringSize_p,
enumSDOType Type_p);

Par ameters:

windex_p: Index of object dictionary. It actuallglg has a range
from 0 to 65535. The data type int is used becatise
CLS compliance.

bSubindex_p: Subindex of object dictionary

dwStringSize_p: Maximum size which will be transést.

Type_p: Type of SDO transfer. This type is ignoifétiere are
transferred only up to 4 bytes, because theseférans
are performed as expedited transfers.

Return:

IAsyncResult: Object of interface IAsyncResult, efhimay be used
to wait asynchronously for the end of the transfer.

Description:

This method reads the specified object of type VIR from the
associated SDO server to a newly created StringcabyWhen the
transfer finishes the event EventSdoFinished valtdused.

L-1114e_3 © SYS TEC electronic GmbH 2007 49



CANopen API for .NET

This method does not block until the transfer isistied. The
application must call the method EndReadObject{h whe returned
IAsyncResult afterwards.Via the same SDO clienyame transfer
can be executed at the same time.

This method is NOT thread-safe, but reentrant.

7.9.8 Method EndReadObject()

Syntax C#:
publicint EndReadObject(
IAsyncResult pAsyncResult_p);
publicint EndReadObject(
ref byte bServerNodeld p,
ref object pObject_p,
refenumSDOQOState SdoState_p,
refint dwTransmittedBytes p,
IAsyncResult pAsyncResult_p);
Parameters:
bServerNodeld p: Node ID of the associated SDQCeserv
pObject_p: Object which contains the received ot data.
SdoState_p: State of the SDO transfer.
dwTransmittedBytes_p:  Number of Bytes which weams$mitted by the SDO
transfer.
pAsyncResult_p: Object of interface IAsyncResulickhwas returned
by the method BeginConnectToNet()
Return:
int: SDO abort code (O if transfer finished suctabg.
Description:

This overloaded method waits until the transfdmished and returns
the SDO abort code.

This method is NOT thread-safe, but reentrant.
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7.9.9 Method WriteObject()

Syntax C#:
public void WriteObject(
int windex_p,
byte bSubindex_p,
object pObject_p);
public void WriteObject(
int windex_p,
byte bSubindex_p,
object pObject_p,
enumSDOType Type_p);
Parameters:
windex_p: Index of object dictionary. It actuallglg has a range
from 0 to 65535. The data type int is used becatise
CLS compliance.
bSubindex_p: Subindex of object dictionary
pObject_p: Object of a blittable type (e.g. valyeetlike

primitive types, reference types which are laid out
sequential or array of Byte).

Type_p: Type of SDO transfer. This type is ignoifdétiere are
transferred only up to 4 bytes, because theseférans
are performed as expedited transfers. It defaaollts t
enumSDOType.kAuto if not specified.

Return:
N/A.

Description:

This method writes the content of the specifie@nmafice type to the
specified object of the associated SDO server. Wthen transfer
finishes the event EventSdoFinished will be raised.

This method does not block until the transferigshed. Via the same
SDO client only one transfer can be executed asdinee time.

This method is NOT thread-safe, but reentrant.
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7.9.10Method WriteObject(String)

Syntax C#:
public void WriteObject(
int windex_p,
byte bSubindex_p,
string pString_p);
public void WriteObject(
int windex_p,
byte bSubindex_p,
string pString_p,
enumSDOType Type_p);
Parameters:
windex_p: Index of object dictionary. It actuallglg has a range
from 0 to 65535. The data type int is used becatise
CLS compliance.
bSubindex_p: Subindex of object dictionary
pString_p: String which will be transferred
Type_p: Type of SDO transfer. This type is ignoifétiere are
transferred only up to 4 bytes, because theseférans
are performed as expedited transfers. It defaaollts t
enumSDOType.kAuto if not specified.
Return:
N/A.
Description:

This method writes the specified String to the gpet object of the
associated SDO server. When the transfer finisHhes dvent
EventSdoFinished will be raised.

This method does not block until the transferigshed. Via the same
SDO client only one transfer can be executed asdinee time.

This method is NOT thread-safe, but reentrant.
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7.9.11Method BeginWriteObject()

Syntax C#:
public IAsyncResulBeginWriteObject(
int windex_p,
byte bSubindex_p,
object pObject_p,
enumSDOType Type_p);
Parameters:
windex_p: Index of object dictionary. It actuallglg has a range
from 0 to 65535. The data type int is used becatise
CLS compliance.
bSubindex_p: Subindex of object dictionary
pObject_p: Object of a blittable type (e.g. valyeetlike

primitive types, reference types which are laid out
sequential or array of Byte).

Type_p: Type of SDO transfer. This type is ignoifétiere are
transferred only up to 4 bytes, because theseférans
are performed as expedited transfers.

Return:

IAsyncResult: Object of interface IAsyncResult, efhimay be used
to wait asynchronously for the end of the transfer.

Description:

This method writes the content of the specifie@nmafice type to the
specified object of the associated SDO server. Wihen transfer
finishes the event EventSdoFinished will be raised.

This method does not block until the transfer isistied. The
application must call the method EndWriteObject{phvthe returned
IAsyncResult afterwards. Via the same SDO clierly @me transfer
can be executed at the same time.

This method is NOT thread-safe, but reentrant.

L-1114e_3 © SYS TEC electronic GmbH 2007 53



CANopen API for .NET

7.9.12Method BeginWriteObject(String)

Syntax C#:
public IAsyncResulBeginWriteObject(
int windex_p,
byte bSubindex_p,
string pString_p,
enumSDOType Type_p);
Par ameters:
windex_p: Index of object dictionary. It actuallglg has a range
from 0 to 65535. The data type int is used becatise
CLS compliance.
bSubindex_p: Subindex of object dictionary
pString_p: String which will be transferred
Type_p: Type of SDO transfer. This type is ignoifétiere are
transferred only up to 4 bytes, because theseférans
are performed as expedited transfers.
Return:
IAsyncResult: Object of interface IAsyncResult, efhimay be used
to wait asynchronously for the end of the transfer.
Description:

This method writes the specified String to the gpet object of the
associated SDO server. When the transfer finisHhes dvent
EventSdoFinished will be raised.

This method does not block until the transfer isistied. The
application must call the method EndWriteObject{phvthe returned
IAsyncResult afterwards.Via the same SDO clienyame transfer
can be executed at the same time.

This method is NOT thread-safe, but reentrant.
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7.9.13Method EndWriteObject()

Syntax C#:
publicint EndWriteObject(
IAsyncResult pAsyncResult_p);
publicint EndWriteObject(
ref byte bServerNodeld p,
ref object pObject_p,
refenumSDOState SdoState_p,
refint dwTransmittedBytes p,
IAsyncResult pAsyncResult_p);
Parameters:
bServerNodeld_p: Node ID of the associated SDCeserv
pObject_p: Object which contains the received ot data.
SdoState_p: State of the SDO transfer.
dwTransmittedBytes_p:  Number of Bytes which weams$mitted by the SDO
transfer.
pAsyncResult_p: Object of interface IAsyncResultckhwas returned
by the method BeginConnectToNet()
Return:
int: SDO abort code (0 if transfer finished suctabg.
Description:

This overloaded method waits until the transfdmished and returns
the SDO abort code.

This method is NOT thread-safe, but reentrant.

7.9.14Method AbortTransfer()

Syntax C#:
publicvoid AbortTransfer (
int dwAbortCode_p);
Parameters:
dwAbortCode_p: SDO abort code which will be trartsai to the SDO

server.
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Return:
N/A.

Description:

This method aborts the running transfer with thec#fped SDO abort
code.

This method is NOT thread-safe, but reentrant.

7.10 ClasscCOB

This class provides the functionality to send amckive plain CAN
layer 2 messages, i.e. communication objects (C@B)instance of
this class represents one communication objectrellmeay exist
multiple instances which were created by the sa@é&Nvppen

instance. The application is responsible for dispp®ach instance
when it is no longer used.

7.10.1Delegate EventRecelvedHandler ()

Syntax C#:
public delegatevoid EventReceivedHandler (
cCOB pSender_p,
object pObject_p);
Parameters:
pSender_p: Sender of this event
pObject_p: Object which contains the received dafzObject_p
is null, too less data was received.
Return:
N/A.
Description:

This is the delegate type for COB received events.
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7.10.2 Event EventReceived

Syntax C#:
public eventEventReceivedHandl&ventReceived;

Description:

This event passes the data of the received CAN ages$o the
application. Registered event handlers are calidiimthe CANopen
instance's process thread.

7.10.3Property Time

Syntax C#:
public property int Time

Description:

The property Time describes the cycle time of cyclix CAN
messages. In case of received CAN messages & tgiikstamp when
the CAN message was received.

The property Time is measured in units of 100 ps.

Please note: In the current version of the USB-CANuh driver the
timestamp has only a width of 24 bits and is measum units of 1
ms. This means that the USB-CANmodul timestamp widp around
after 16,777,215 ms = approx. 4.66 h. Hence theivecimestamp
stored in the property Time will wrap around afté7,772,150 * 100

us.

7.10.4Method Dispose()

Syntax C#:
public sealedoverridevoid Dispose();

Parameters:
N/A.
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Return:
N/A.

Description:

The Dispose() method has to be called when this 8t is no
longer used anymore. This method releases the spameling
message object in the CANopen instance.

This method is NOT thread-safe, but reentrant.

7.10.5Method Send()

Syntax C#:
public void Send();

Parameters:
N/A.

Return:
N/A.

Description:
This method sends the associated object..

This method is thread-safe.

7.11 Class cHeartbeatConsumer

This reference class models one local heartbeaurner. There may
exist multiple instances which were created by same cCANopen
instance. The application is responsible for dispp®ach instance
when it is no longer used.
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7.11.1 Event EventHeartbeat

Syntax C#:
public eventcNMT.EventNmtSlaveHandleEventHear tbeat;

Description:

This event signals changes of the heartbeat produeg. first
heartbeat, connection loss and NMT state changas. &vent is of
the same delegate as cNMTMaster.EventNmtSlave.skgd event
handlers are called within the CANopen instanceisgss thread.

7.11.2Method Dispose()

Syntax C#:
public sealedoverridevoid Dispose();

Parameters:
N/A.

Return:
N/A.

Description:

The Dispose() method has to be called when thistlest consumer
iIs no longer used anymore. This method releasesdhresponding
sub-index in the object dictionary.

This method is NOT thread-safe, but reentrant.

7.11.3Method Configure&()

Syntax C#:

public void Configure(shortwHeartbeatTime_p);

Parameters:

wHeartbeatTime_p: Time of heartbeat in [ms] whibbwdd be larger than

the one of the producer.
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Return:
N/A.

Description:
This method changes the heartbeat time of thiswoag that means

the consumer must receive a heartbeat from theupsydwithin this
time, otherwise an event is raised.

This method is thread-safe.

7.12 Class cHeartbeatProducer

This reference class models the local heartbealor.

7.12.1Method Configure&()

Syntax C#:
public void Configur e(shortwHeartbeatTime_p);

Parameters:

wHeartbeatTime_p: Time of heartbeat in [ms] whibbwdd be less than
the one of any consumer.

Return:
N/A.

Description:
This method changes the heartbeat time of the [wocalucer.

This method is thread-safe.

7.13 Class cEmergencyConsumer

This reference class models the local emergencsuroer.
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7.13.1Delegate EventEmer gencyHandler ()

Syntax C#:
public delegatersoid EventEmer gencyHandler (
byte bNodeld_p,
short wErrorCode_p,
byte bErrorReg_p,
bytd] abUserCode_p);
Parameters:
bNodeld_p: Node ID of the emergency producer.
wErrorCode_p: Error code of the emergency.
bErrorReg_p: Value of the error register of the eyarcy producer.
abUserCode_p: Additional manufacturer specific imfation that is
an array of Byte with length 5.
Return:
N/A.
Description:

This is the delegate type for emergency events, wken the
consumer receives emergency messages.

7.13.2Event EventEmergency

Syntax C#:
public eventEventEmergencyHandl&ventEmer gency;

Description:

This event signals received emergency messagesst®egl event
handlers are called within the CANopen instancessgss thread.

7.13.3Method AddNode()

Syntax C#:

public void AddNode(
byte bNodeld_p);
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Parameters:

bNodeld_p: Node ID of an emergency producer. 0 atldsdes
except the local node ID as emergency producer.

Return:

N/A.

Description:

This method adds the specified node ID as an emeygproducer.
After execution of this method emergency messagefoavarded for
this node.

This method is thread-safe.
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7.13.4Method DeleteNode()

Syntax C#:

public void DeleteNode(
byte bNodeld_p);

Parameters:

bNodeld_p: Node ID of an emergency producer. Oteslall
nodes except the local node ID as emergency
producer.

Return:
N/A.

Description:
This method deletes the specified node ID as amgamey producer.

This method is thread-safe.

7.14 Class cEmergencyProducer

This reference class models the local emergenayuoes.

7.14.1Method Send()

Syntax C#:
public void Send(
short wErrorCode_p,
byte bErrorReg_p,
bytd] abUserCode_p,
short wAdditionallnfo_p);
Parameters:
wErrorCode_p: Error code of the emergency.
bErrorReg_p: Value of the error register.
abUserCode_p: Additional manufacturer specificimfation that is
an array of Byte with length 5.
wAdditionallnfo_p Additional information that is@ted in the predefined

error field if that exists.
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Return:
N/A.

Description:
This method sends an emergency message over thebGaN

This method is thread-safe.

7.15 Class cL SSM aster

This reference class which provides the LSS mdatestionality to
configure LSS slaves.

7.15.1Method SwitchM odeGlobal()

Syntax C#:

public void SwitchM odeGlobal (
enumLSSMode LSSMode_p);

Parameters:
LSSMode_p: LSS mode, i.e. either kOperation or Kigonation.

Return:
N/A.

Description:

This method switches the LSS mode to the specdrezlfor all LSS
slaves. The LSS mode does not correlate with thd Nidte.

This method is NOT thread-safe. It is only reentrior different
CANopen instances.

Constant Description
kOperation LSS mode OPERATION.
kConfiguration LSS mode CONFIGURATION.

Table18:  Constants of enumLSSMode
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7.15.2Method BeginSwitchM ode()

Syntax C#:

public IAsyncResulBeginSwitchM ode(
ref (LSSAddress LSSAddress_p,
AsyncCallback delegateAsyncCallback_p,
object pAsyncState_p);

Parameters:

LSSAddress_p: LSS address of a CANopen device wghial be

switched to LSS mode CONFIGURATION.

delegateAsyncCallback_p: Delegate which will béechivhen the process has
finished. Specifying a null reference is allowedeT
delegate may be called within the CANopen instance'
process thread. Therefore it is only allowed to tted
CANopen method EndSwitchMode() within the

delegate.
pAsyncState_p: Associated application specific cibje
Return:
IAsyncResult: Object of interface IAsyncResult, efhimay be used
to wait asynchronously for the end of the process.
Description:

This method starts the process of switching the bfe8e selectively
for the specified LSS address to CONFIGURATION. Whihe
process finishes the specified AsyncCallback dééegdl be called.

This method does not block until the process isshied. The
application must call the method EndSwitchMode@hwhe returned
IAsyncResult afterwards.

This method is NOT thread-safe. It is only reertrior different
CANopen instances.

Field Type Description
m_dwVendorld uint Vendor ID (object 0x1018/1)
m_dwProductCode uint Produkt code (object 0x1018/2)

L-1114e_3 © SYS TEC electronic GmbH 2007 65



CANopen API for .NET

Field Type Description
m_dwRevision uint Revision number (object 0x1018/3)
m_dwSerNum uint Serial number (object 0x1018/4)

Table 19: Fields of tLSSAddress

7.15.3Method EndSwitchM ode()

Syntax C#:
public bool EndSwitchM ode(
IAsyncResult pAsyncResult_p);

Parameters:

pAsyncResult_p: Object of interface IAsyncResulickhwas returned
by the method BeginSwitchMode().

Return:

bool: true if succeeded, false if process timed ioeitno
LSS slave with the specified LSS address responded
the switch mode command.

Description:

This method waits until the process is finished agtdirns true if it
completes successfully.

This method is NOT thread-safe. It is only reertrior different
CANopen instances.

7.15.4Method Beginl nquir el dentity()

Syntax C#:
public IAsyncResulBeginl nquir el dentity(
enumLSSInquiryService Services_p,
AsyncCallback delegateAsyncCallback_p,
object pAsyncState p);
Parameters:
Services_p: The specified services, i.e. identtiyes like vendor

or node ID, will be inquired.
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delegateAsyncCallback_p: Delegate which will beéechivhen the process has
finished. Specifying a null reference is allowetdeT
delegate may be called within the CANopen instance'
process thread. Therefore it is only allowed to tted
CANopen method EndInquireldentity() within the

delegate.
pAsyncState_p: Associated application specific cibje
Return:
IAsyncResult: Object of interface IAsyncResult, efhimay be used
to wait asynchronously for the end of the process.
Description:

This method starts the process of inquiring theifieel services from
the LSS slave which is in configuration mode. Ibrdy allowed that
exactly one LSS slave is in configuration mode, nviids method is
called. When the process finishes the specified néGgpllback
delegate will be called.

This method does not block until the process isshied. The
application must call the method EndInquireldelgfityvith the
returned IAsyncResult afterwards.

This method is NOT thread-safe. It is only reertrior different
CANopen instances.

Constant Description

kNone No service selected.
kVendorld Inquire vendor ID.
kProductCode Inquire product code.
kRevision Inquire revision humber.
kSerNum Inquire serial number.
KAII All services selected.

Table20:  Constants of [ Flags] enumLSS nquiryService
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7.15.5Method EndInquirel dentity()

Syntax C#:
public bool Endlnquirel dentity(
ref tLSSAddress LSSAddress_p,
ref byte bNodeld_p,
IAsyncResult pAsyncResult_p);
Parameters:
pAsyncResult_p: Object of interface IAsyncResulickhwas returned
by the method Begininquireldentity().
Return:
bool: true if succeeded, false if process timed ioeit no
LSS slave responded the inquire commands.
Description:

This method waits until the process is finished agtdirns true if it
completes successfully.

This method is NOT thread-safe. It is only reertrior different
CANopen instances.

7.15.6Method BeginConfigure()

Syntax C#:
public IAsyncResulBeginConfigureSlave(
byte bNodeld_p,
bool fStore_p,
AsyncCallback delegateAsyncCallback_p,
object pAsyncState_p);
Parameters:
bNodeld_p Node ID which shall be configured. Edquals OxFF
it will not be configured.
fStore_p: true if new configuration shall be stooedLSS

slaves. false if configuration shall be changed
temporarily only.

delegateAsyncCallback_p: Delegate which will beéechivhen the process has
finished. Specifying a null reference is allowetdeT

68 © SYS TEC electronic GmbH 2007 L-1114e_3



Class reference

delegate may be called within the CANopen instance'
process thread. Therefore it is only allowed to tted
CANopen method EndConfigureSlave() within the

delegate.
pAsyncState_p: Associated application specific cibje
Return:
IAsyncResult: Object of interface IAsyncResult, efhimay be used
to wait asynchronously for the end of the process.
Description:

This method starts the process of configuring thaenlD of the LSS
slave which is in configuration mode. It is onlyoaed that exactly
one LSS slave is in configuration mode. When thecess finishes
the specified AsyncCallback delegate will be called

This method does not block until the process isstied. The
application must call the method EndConfigureSlave(th the
returned IAsyncResult afterwards.

This method is NOT thread-safe. It is only reertrior different
CANopen instances.

7.15.7Method BeginConfigure()

Syntax C#:
public IAsyncResulBeginConfigureSlave(
byte bNodeld_p,
ref (LSSBItTiming BitTiming_p,
short wSwitchDelay_p,
bool fStore_p,
AsyncCallback delegateAsyncCallback_p,
object pAsyncState_p);
Parameters:
bNodeld_p Node ID which shall be configured. Edquals OxFF
it will not be configured.
BitTiming_p: Reference to a value class which cimstghe bit
timing.
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wSwitchDelay_p: Delay in [ms] between the configima of the remote
bit timing and the local activation of the new bit
timing.

fStore_p: true if new configuration shall be stooedLSS

slaves. false if configuration shall be changed
temporarily only.

delegateAsyncCallback_p: Delegate which will beéechivhen the process has
finished. Specifying a null reference is allowetdeT
delegate may be called within the CANopen instance'
process thread. Therefore it is only allowed to tted
CANopen method EndConfigureSlave() within the

delegate.
pAsyncState_p: Associated application specific cibje
Return:
IAsyncResult: Object of interface IAsyncResult, efhimay be used
to wait asynchronously for the end of the process.
Description:

This method starts the process of configuring thaenlD of the LSS
slaves which are in configuration mode. It is oallpwed that exactly
one LSS slave is in configuration mode, if the ndBeshall be
configured. When the process finishes the specifisgncCallback
delegate will be called.

This method does not block until the process issHied. The
application must call the method EndConfigureSlave(th the
returned IAsyncResult afterwards.

This method is NOT thread-safe. It is only reertrior different
CANopen instances.

Field Type Description

m_bTableSelector byte Baudrate table selectordntlyrignored
because only CiA BTR table |is
supported)

m_bTablelndex byte Index of baudrate table

Table21:  Fieldsof tLSSBiTiming
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7.15.8Method EndConfigureSlave()

Syntax C#:
public bool EndConfigureSlave(
ref enumLSSConfigureState State_p,
ref byte bErrorCode_p,
ref byte bSpecificErrorCode_p,
IAsyncResult pAsyncResult_p);

Parameters:

State_p: State of the configuration. If this methetirns false,
this parameter contains the failed configure slave
command.

bErrorCode_p: Error code, which was passed by 8fe slave.

bSpecificErrorCode_p: Specific error code, whictsywassed by the LSS
slave. This is a manufacturer specific error cotieciv
is valid if bErrorCode_p equals 255.

pAsyncResult_p: Object of interface IAsyncResulickhwas returned
by the method BeginConfigureSlave().

Return:
bool: true if succeeded, false if process timed ioeitno

LSS slave responded the configure slave commands.
Description:

This method waits until the process is finished agtdirns true if it
completes successfully.

This method is NOT thread-safe. It is only reertrior different
CANopen instances.

Constant Description

kidle Idle, i.e. no configuration active.
kNodeld Configuration of node ID is/was active.
kConfigureBitTiming Configuration of bit timing ia/as active
kActivateBitTiming Activation of bit timing is/waactive.
kStore Storing of configuration is/was active.

Table22:  Constants of enumLSSConfigureState
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7.15.9Method BeginldentifySlave()

Syntax C#:
public IAsyncResulBeginl dentifySlave(
AsyncCallback delegateAsyncCallback _p,
object pAsyncState p);
Parameters:

delegateAsyncCallback_p: Delegate which will béechivhen the process has
finished. Specifying a null reference is allowedeT
delegate may be called within the CANopen instance'
process thread. Therefore it is only allowed to tted
CANopen method EndldentifySlave() within the

delegate.
pAsyncState_p: Associated application specific cibje
Return:
IAsyncResult: Object of interface IAsyncResult, efhimay be used
to wait asynchronously for the end of the process.
Description:

This method starts the process of identifying L&es without a
valid node ID. When the process finishes the spEtihsyncCallback
delegate will be called.

This method does not block until the process isstied. The
application must call the method EndldentifySlaweith the returned
IAsyncResult afterwards.

This method is NOT thread-safe. It is only reertrior different
CANopen instances.

7.15.10 Method Beginl dentifySlave()

Syntax C#:

public IAsyncResulBeginl dentifySlave(
ref tLSSldentifyParam IdentifyParam_p,
AsyncCallback delegateAsyncCallback_p,
object pAsyncState_p);
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Parameters:

IdentifyParam_p: LSS address range. Vendor ID andyzt code are
fixed, but revision and serial number may be ranges

delegateAsyncCallback_p: Delegate which will beéechivhen the process has
finished. Specifying a null reference is allowetdeT
delegate may be called within the CANopen instance'
process thread. Therefore it is only allowed to tted
CANopen method EndldentifySlave() within the

delegate.
pAsyncState_p: Associated application specific cibje
Return:
IAsyncResult: Object of interface IAsyncResult, efhimay be used
to wait asynchronously for the end of the process.
Description:

This method starts the process of identifying L$&es with the
specified LSS address range. When the processidsithe specified
AsyncCallback delegate will be called.

This method does not block until the process issHied. The
application must call the method EndldentifySlaweith the returned
IAsyncResult afterwards.

This method is NOT thread-safe. It is only reertrior different
CANopen instances.

Field Type Description

m_dwVendorld uint Vendor ID (object 0x1018/1)

m_dwProductCode uint Produkt code (object 0x1018/2)

m_dwRevisionLow uint Lower bound of revision numlgebject
0x1018/3)

m_dwRevisionHigh uint Upper bound of revision numkebject
0x1018/3)

m_dwSerNumLow uint Lower bound of serial number jéob
0x1018/4)

m_dwSerNumHigh uint Upper bound of serial numbebjdot
0x1018/4)

Table23:  Fields of tLSSdentifyParam
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7.15.11 Method EndldentifySlave ()

Syntax C#:
public bool EndldentifySlave(
IAsyncResult pAsyncResult_p);

Parameters:

pAsyncResult_p: Object of interface IAsyncResulickhwas returned
by the method BeginldentifySlave().

Return:

bool: true if succeeded, false if process timed iceit either
no LSS slave with the appropriate LSS address
responded the identify slave command or no LSS
slave without a valid node ID exists in the network

Description:

This method waits until the process is finished agtdirns true if it
completes successfully.

This method is NOT thread-safe. It is only reertrior different
CANopen instances.
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Glossary

CiA CAN in Automation international wusers’ and
manufacturers’ grouparww.can-cia.org)

CCM  CANopen controlling module

CIL Common Intermediate Language
CLI Common Language Infrastructure
CLR  Common Language Runtime
CLS Common Language Specification
CTS Common Type System

COB Communication object

DCF  Device configuration file (generated by confafion
tools)

DLL  Dynamic linked library

GAC Global assembly cache

HMI Human machine interface

LSS Layer setting services

NMT  Network Management

node an arbitrary CANopen device. Often a NMT slave
oD CANopen object dictionary

PDO  Process Data Object

SDO  Service Data Object

SRD  SDO requesting device
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