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Agenaa

CAN fieldbus in a very small nutshell

Some CANopen protocol basic definitions:

= Object Dictionary

= NMT State Machine

= Message types: NMT, SDO, PDO, special messages
= Electronic data sheet and Device Configuration File

Functionality of CANopen Managers (CiA DSP 302)

TICOM

= which functionality of CANopen Manager has been implemented?
= connection to TINE

= linking with user code

Java TICOM Viewer
Live demonstration
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CAN - overview

CAN: Contreller Area Network

Serial Bus; connects more devices (lbus nedes) with enly’ 2 wires

Multimaster Capahility’ (no niaster-slave: architecture)

Broadcast: nodes have no address, but messages have identifiers

No limit for number of nodes due to prOtOCOI (only available driver electronics limit the number of nodes on the bus)

Numlber of nedes;can lhe dynamically: changed (devices can be connected or
disconnected when the bus operates)

\/eny sephisticated error detection and error handling
A lot efi microcentrallers having a built-in CAN interface availablerat very: lew: cost.

CAN CAN CAN
Node 1 Node 2 Node N

120 Ohm H D 120 Ohm
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CAN frame

% Only these bits are available for application software

0..64

Identifier Bits (CAN2 B)

IDE (0=CAN2.A, 1= CAN2B)

RTR (remote transmission request) = 0

Identiffier Bits

27-Sep-07, TINE Workshop

Pietr Bartkiewicz, MCS-1, DESY,, Hamburg




CANopen: the application layer
Standara

CANGPER SPECIfication:

applicationlayer

Available are also other application layer Presentation Layer
standards;like:

DeviceNet Session Layer
J1939

b Transport Layer

Network Layer

CAN specification Data Link Layer

physical and data linkslayer Physical Layer

Open Systems Interconnection Model
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CANopen — cont. |2]

Very pepular ini Europe: (transportation, medical;
Ineustrial machlnery, bundlng autemation, mllltary)
many: devices “plig & play” are availanie “off-the-shelf”

CANOpEn; IS “Open’™ In three ways:

= [he technology Is open andidoes not require any: payment or
license fees

= Proprietany devices can e combined withi CANopen| devices Into
one netwoerk (just only ensure, there is no; 1D collisions)

a only a small set off mandatery. functionality: and Nuge: set ofi
optional functionality, even very simple micreconirollers canm lae
CANepen compliant.

Software stacks available fier reasenanle price.

27-Sep-07, TINE Workshop Piotr Bartkiewicz, MCS-1, DESY, Hamburg



CANopen — cont. [3]

The CANopen standand IS maintained and certified By the
CAN 1R Autemation (CiA) erganizatien, Munich, Gernmany.
(WM. CAIECIa.01a)

s Online decumentation (some: available for members only)
s Conformance tests
s Conferences and tramings

DESY IS the CIA member:

s the contact person at DESY-Hamburglsite:
Stefan May, MPS;, tel. (040) 89984636
stefan.may@desy.de

27-Sep-07, TINE Workshop Piotr Bartkiewicz, MCS-1, DESY, Hamburg v



CANoepen Basics [1]: The Object Dictionary

Eachi CANepen device has 'Edex Subr-]'ndex S?/?Tj;?)((:)tli . ;
3 - N T A

gémqgwent the ObJeCt (hex) (hex) i ame Vpe ttir DveaIaLLjet Mandatory;

EVery process or

Communication parameter 1000 VAR Device Type UNSIGNED32 RO 0) yes

IS Identified by two

numbers; 16-bit Index and 1001 - VAR Error register | UNSIGNEDE | RO 0 yes

8-hiIt subindex.

Erom the network point of 1002 ; VAR Manufacturer | UNSIGNEDZ2 | RO 0 no

view: using an' Index and i,

Subindex is the only way/ to g

address the variable

Some IndexeS and 1003 = ARRAY Pre-defined UNSIGNEDS2 Mo

K error field

Subindexes are reserved for

predefined variables; which

%r:Nrgggr?ar.]tg(;}é for a 0) VAR Size UNSIGNEDS RO, 0) yes
1 VAR Error field UNSIGNED32 RO Ne)
2 VAR Error field UNSIGNED32 RO No

240J0]0) - VAR Sollwert REAL32 RW 0.0
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CANoepen Basics [2]: The NMT State Machine

Eachr CANGRER NedE: can e In one: of
three: states:

a2 Preoperational @ nede: configuration
s Operational s nermal eperation
s Stepped : network maintenance
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CANopen Basics [3]: Message types

INIVITE (Netwerk Management)

= Usedto:
drive individuali nedes or entire netwoerk in| pre-, operational, stopped state.
reboot individualfnoede or all nodes

Report the state of the node:
s Boot-up message: sent once, just after reboot
m  Heartheatimessage: sent periodically, showingjthe NMII state

SDO (Service Data Object)

s Used to:
configure individualinede (by writing| to the Object Dictionary)
examine the nede’s configuration (by reading the Object Dictionary)

s Not recommended! for process, data transfer (“slow’”, protocoll everhead)
a  Available'in pre- and eperational state
PDO) (Process Data Object)
= Used for exchanging| precess data between nodes, ne: CANepen protocoll everhead
x  Available in operationall state
Special messages:
s EMCY: emergency messages (extended error information)
s SYNC: triggenng PDOs (triggering data capture and data telegrams)
a  [IME: timestamps
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CANopen NMIF state machine

Power On No transmit nor receive messages
allowed. After initialization is done send
BOOT-UP message and automatically

Wait for NMT commands or go to the Pre-Operational State.

SDO. Keep sending HEART

BEAT with code 127.

Automatically Wait for NMT commands.
Keep sending HEART BEAT

with code 4.

Pre-Operational

Enter_preoperational

Start_ Remote_Node Stop_Remote_Node

Enter_preoperational

Stop_Remote_Node

Keep sending HEART BEAT Start Remote Node
with code 5. Send and

receive SDOs and PDOs,
check NMTs.
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CANoepen: EDS and DCE files

EDS (Electronic Data Sheet):

s Proyvides;the decumentation; in a standardized way, as a file, similar te
MS Windews: = ini file fermat

s Comes with each CANepen| device' as: a description off Object Dictionary.
contents

s Used by CANopen moniters, analyzers; configuration tools, CANepen
masters

s Commoen fer allf devices ofi the same. tyjpe

DCF (Device Configuration File):
= the same format as EDS, but different usage

= stores individual setting for each device of given type, like: minimum,
maximum, default value of a process data

= used for a CANopen Master to individually configure nodes
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Functionality of CANopen Managers (CIA DSP 302)

NNMAF Vaster
s contrel and monitor state off devices

TIME preducer
= Qenerates messages containing time and date infermation

SYNC preducer
= generates a SYNC message for PDOs triggerng

Cenfiguratien: Manager

a  Canies out the device: configuration proecess; (ly reading the approepriate: DCE and
sending seqguence ofi SDOSs) When a beot-uUp Message: arrives

SO Vianager
= assigns “SDO channels?, i more tham one is needed

Optienal:

LSS (Layer Setting Service) Master
= Dynamic assignment ofi devices ID'and selection of bit rate
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TICOM

which CANepen Manager functionality has lheen
Implemented?

NIVINEVIaster
FIME producer
SYNC preducer

Configuratien Vianager:
s parsing [DCE files for each node

s sendingl SIDO seguences; Inr erder ter configure
devices Ohject Dictienary

NOT implemented (yet?): SDO manager
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TICOM: connection tor TINE [1]

TICOM is a TINE server with:

3 default devices (always) present)

s COMAN: management of the entire Bus:

Sending ‘glebal” NMIT messages; (reboot,
enter pre- and eperationall state, enter
stop state)

Providing theslaus statistics: how: many,
devices; how: many in which state

m SYNC: switching SYNC en/offi, defining
message period
= [IME: switching message sending en/ofi;,
defining message: period, setiing the
current time
CAN node Image devices: devices:
corresponding| te the physicall devices

connected to the CAN bUS (ist defined by the set of
DCFE files found in'the TICOM directory)

27-Sep-07, TINE Workshop

e;e Instant Client

Print ... Options .., DebugTools... Show Globals! Input Panel !

Device Context Device Suhspslem
TESI ' ALL
Device Server Device Name
TIEUM v SYN
Dala Size Dala Type

LI]NE

- KnlelEnergyZil]l]l]
Devkit_ColdFire

Texl dum *

Autoscale

Devices
present on Devices of
the CAN bus the TICOM

Pietr Bartkiewicz, MCS-1, DESY,, Hamburg
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TICOM: connection tor TINE [2]

Eachi CAN Nede Image device
offiers:
m  fixed properties (common fior all : »
CAN d@VlCES) Device specific property

Basic device information: device
type, manufacture data, seft- and
hardware Version| ete.

Device Context

Heartheat (or nede guard) contrel, g
INIVITF controliand staterreadout il

Dala Size Dala Type _ eese ite]
INTEGEH - —I] 3022, Subindex=4 Hheall:onlll:ll

List off precess variables mapped
1o PDOs) (separately fior RPDO and
TPDO)

Simple' access; (RW) to the device's
object dictionary.
= Dynamically built properties; which
Iepresent process variables
(depending en CAN device) L T S SRR |

—————) | ] nf o

JTEST/TICOM/S'YME on_off @ dug 21 20.50:41.657 Istwert set (read)

Default device property
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TICOM tor TINE:

DCF DCF
#1 #2

configuration data flew

TINE Server

PDO mapping table #1
PDO mapping table #2
PDO mapping table #3
PDO mapping table #n
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TICOM tor TINE: process data fiew

PDO mapping table #1
PDO mapping table #2
PDO mapping table #3

PDO mapping table #n

Example of PDO data

3 bytes of voltage 1 byte of pressure 2 bytes of status
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TICOM: linking with

FICON activates, periodical
(=millisecenads)r an empby.
eRJect: user cam fllfit wiith

user code

y
UserCode:

QIS OWnR code.

Set off APIs provides access to the TICOM
devices anad CAN Node lmages;, thelr

Ohject Dictionaries ete.
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Running the TICOM

Currently available version: fo) LInuX (e ELiNos):
s [ested on a desktop PC and PC104

s SO far werks with:
PC104 CAN card
USB to: CAN interface
delivered by the PEAK Systems: (the same driver)

usage: ticom [options...]
optiens:

-n <number> : PEAK canl device number
(default: 32 (PCAN_USB) whenemitted)

ol 2 runiinidebug mode
-S <pame> : regjister as TINE server <name>
-h : help

ex: ticom — s TICDEMO

DCE files should be stered ini the TICOM working directory.
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Java TICOM Viewer |[1]

selection off TICOM Sservers
OVErvIiew: Rew: many. devices, I WhIch state etc.
comfortable access to) HCON devices

possIpIlity te Issue ‘glekalf NIMAF cemmands; for entire
CANGpen bus

LList: off CAN devices

m access to ndividuall CANepen device:
INIVIIF read/change: state;, heartheat timing manipulatien
Access (RW) te the Ohject Dictionary

Access 1o allf process varialbles:
s Plots for transmit PDOs
= New value entry for read PDOs
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Java TICOM Viewer [2]

&TICDM Yiewer, version: 1.

nurnbet

b
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ava IHCOM Viewer

CANepen bhus manipulation

gTIEDM iewetr, version: 1.0
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ETIEDM Yiewer, version: 1.0

Dewvice Cortext: |TEST

Java TICOM Viewer [4]

CANepen device basic Information

¥ | Device Subsystem: [ALL * | Device Serwer: |TICOM

OM Yiewer, version

Device Context: | TEST

* | Device Subsystam: [ALL * | Device

Sarver: |TICOM

IC7) CAMopen bus
el SYNC producer
- Time Producer
[=-[(3) Devices
CAM_VME_Ox05

CAM_VME_Ox01
KnielEnergy 3000
Devkit_ColdFire
CAN_YME_0:07

Mode Basic Information I Node Datal

b CaMopen bus

~Mode Identification data

-

SYMC producer

Mode Basic Information | MNode Data |

Node name:

CAN_YME_0x03

Device bype:

401

Hardware version:

1.0.0

Sioftyware wersion:

1.02

Yendor I0:

1]

Product code:

]

Revision number:

0

Setial number:

0

Manufackurer device name:

CAN_WME

~HNMT

Counters

Timestamp

o]

Resek |

I

| 6106 | 21082007, 2058148 Preoperational |
| 0 I Operational |
| i | | Stop |
Mo heartbeat: I—

~Heartheat control

Currernt settings

Set

Enable: [ period: ID ms

1
)I Set

- ¥ 00000000000 0000g0000(
¢ [ s00 ms
PE 0 s00 1000 1500 2000 2500

enabled: TYES

# Time Producer
[H-|) Devices
e CAN_YME_Dx03
CAM_WME_O=09
CAN_YME_Dx01
KnielEnergy 3000

CAMN_WME_0x07

~Hode identification data

Mode name:

Devkit_CaoldFire

Device bype:

Hardware wersion:

Software version:

Wendar ID:

Product code:

Revision number:

1]

Serial number:

1]

Manufacturer device name:

ColdFire Test Board

~NMT

Counters

Timestamp

o]

|

f 6867 | 21.08.2007, 20:55:45 Preoperational |
| =231 | 21.08.2007, 21:56:01 Operational |
| o | Stop |
Mo heartbeat: lm

~Heartheat control

Current setting:

Set

Enable: |_

period: ID ms

enabled: ES

1
). Set

L ¥¢000g0000 gooosgoooogoooog
& [ 500 ms
X 0 500 1000 1500 2000 2500

|FLICCBSS

|Buceess

, TINE Workshop
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Java TICOM Viewer [5]

ACCess 1o the device’s Object Dictionary and precess; varahles

gTIEDM Yiewer, version: 1.0

Plot of ADC channel 1

IADC channel 1

oukputs
P
o
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