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Controller Area Network (CAN)
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esd Product Line

esd electronics, inc.

esd electronics provides:

e CAN Hardware Interfaces - PCI, cPCI, VME, PMC, PC104, ISA, and more
e CAN Gateways - USB, EtherNet, Bluetooth, IEEE488, and more

e CAN Converters — CANopen, DeviceNet, Profibus, and more

e CAN Embedded Controllers

e Drivers and APIs for various operating systems

e Free CAN Analyzer software - included with driver

esd electronics, Inc.
525 Bernardston Road
Greenfield, MA 01301

Tel.: 413-773-3170
Fax: 413-773-3171

http://www.esd-electronics-usa.com
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Literature

Wilfred Voss

A Comprehensible Guide To Literature on
Controller Area Network Controller Area Network,
CANopen and SAE J1939

Includes:

A Brief History of CAN
Main Characteristics
Message Frame Architecture

esd electronics, Iinc.

Message Broadcasting

Bus Arbitration

Error Detection and Fault Confinement
CAN Physical Layer

Olaf Pleiffer, Andrew Ayre, and Christian Keydel

The undertying CAN technology
Selecting CAN controfiery

PPERHILL TECHNOL IE
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Controller Area Network (CAN)

Serial Network Technology for Embedded Solutions
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2. General Aspects
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What 1s CAN — General Aspects

e Serial Network Technology for Embedded Solutions
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e Originally designed by Bosch for
automotive industry

e Became very popular in industrial
automation

e Network technology established among micro-controllers

e Well suited for high speed/real-time applications

e Replaces expensive Dual-Port RAM technology

e CAN chips manufactured by Motorola, Philips, Intel, Infineon, ...
e 600 Million CAN nodes used in 2007
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What is CAN — Technical Aspects

e High-integrity serial data communications bus for real-time
applications
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e Designed for max. performance & reliability

e Operates at data rates up to 1 Mbit/sec

e Uses short messages - 8 bytes per message

e Excellent error detection and fault confinement capabilities
e Is an international standard: ISO 11898
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A Brief History of CAN - 1

1983 Start of Bosch internal project to develop in-vehicle
network

1986 Official introduction of the CAN protocol

1987 First CAN controller chips by Intel & Philips

1991 Bosch publishes CAN specification 2.0

1992 CAN in Automation (CiA) established

1992 CAN Application Layer (CAL) protocol by CiA
1992 First automobiles equipped with CAN (Mercedes Benz)
1993 ISO 11898 standard published

1994 First International CAN Conference (iCC)

1994 Allen Bradley introduces DeviceNet

1995 ISO 11898 amendment (extended frame format)
1995 CANopen protocol introduced
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2000 Development of time-triggered CAN
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A Brief History of CAN - 2
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CAN Applications

CAN is used wherever two or more microprocessor units need to
communicate with each other.
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e Passenger Cars (multiple separate CAN networks)

e Trucks & Buses, Construction Vehicles, Agricultural Vehicles
(SAE J1939 protocol)

e Semiconductor Industry (Wafer Handlers, etc.)

e Robotics, Motion Control Applications

e Passenger/Cargo Trains (Brake Control, Wagon Communication)

e Aircrafts (AC, Seat Adjustment)

e Elevators (e.g. Otis)

e Building Technologies (Light & Door Control Systems, Sensors, etc.)
e Medical Equipment (X-Ray, CAT scanners, etc.)

e Household Utilities (Coffee Machine, Washer, etc.)

e Aerospace (Satellites)

© esd electronics, Inc. ¢ 525 Bernardston Road ¢ Greenfield, MA 01301
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CAN Applications
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CiA — CAN 1n Automation

e International Users and Manufacturers Organization
e Develops, supports CAN Standards and CAN based higher layer

protocols
e All activities are based on CiA members’ interest

esd electronics, inc.

http://www.can-cia.org

SN Nowslatter CAN Newsletter
To subscribe log on to:

http://www.can-cia.org/newsletter/
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Controller Area Network (CAN)

Serial Network Technology for Embedded Solutions
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3. Protocol Features
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Main Characteristics
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e Multi-Master Bus Access

e Message Broadcasting

e Message Priority (No Node IDs)
e Limited Data Length (0...8 bytes)
e 1 Mbit/sec Data Rate

e Excellent Error Detection & Fault Confinement
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Benefits of Using CAN

(7. Application Layer [ 7. Application Layer

BN
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6. Presentation Layer Z

esd electronics, inc.

</}o Higher Layer Protoc&

J

o

g — " Initialization
( . ) = Read Data
5. Session Layer ] 5

Y o] B Write Data

ol 2 Check Status
4, Transport Layer Q e and more...

2 T

=

3. Network Layer

ﬂg

R . /——\
{2. Data Link Layer [ /2 Data Link LayeN ]
{

]
[1. Physical Layer [ \1. Physical Layer/ J

ISO 11898 7-Layer Reference

Integrated on
CAN Controller

Main Benefit: Chip

e Physical and Data Link Layer implemented in Silicon

e SW Development Engineer is not involved with writing
protocol features

e Low Cost Implementation

Be aware! Whenever you attempt to add software functions between the CAN Data Link Layer and the
Application Layer, you will be adding functionalities that are already covered by off-the-shelf available higher
layer protocols such as CANopen and DeviceNet.
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Message Frames

e Data Frame - Broadcasts a message to the CAN bus
quusa g Field Clgirétlzm ata Fie ﬁﬁ.ﬁ M EOF MBUS Idle

e Remote Frame - Requests transmission of message
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Bus Control | CRC
Idle Field Field Field Field

(@N0p)

EOF IFS | Bus Idle

e Error Frame - Signals error condition

_~ Error Condition Occurs
o

Uncompleted Frame Bits Retransmission
Error Error
Flag Delimiter
Error Frame . Jnterfram
h 14...20 Bits >4 Space ”

e Overload Frame - Special Error Frame
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Message Broadcasting with Data Frames
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e Node A transmits a message

e Nodes B, C and D receive the message
e Nodes B and D accept the message, Node C declines
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Message Request with Remote Frames - 1

Node A Node B Node C Node D

T Fomicotor
T

Filter Filter Filter Filter
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e Node A sends a remote frame (request)
e Node B, C, D receive message

e Node D accepts, Nodes B & C decline message
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Message Request with Remote Frames - 2

)
£
%)
O
&
o
g Node A Node B Node C Node D
» !HH”!!HU" *BH"!EBF qaﬂwm W
w =
D
v v
Filter Filter Filter Filter

e Node D sends requested message
e Nodes A, B, C receive requested message

e Nodes A, B accept requested message, Node C declines
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Message Frame Format - 1
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e Data Frame
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e Remote Frame

S
Bus Control | CRC
idle |©| Field | Field | Field | Field | EOF Bus Idle

e Error/Overload Frame

= Error Condition Occurs

s

y -
Uncompleted Frame its Retransmission
Error Error
Flag Delimiter
Error Frame __Interframe_;
Space
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Message Frame Format - 2

Start of Frame
Remote Transmission Request Delimiter Bits
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T
Bus [2| Message |R | Control CRC
Idle hldentiﬂer E Field ata Fie Sequence ﬁ EOF Bus Idle
Number 11 1] 6 0...64 15 111 7 3
of Bits < P pre I e g
/ Interframe
CRC Sequence Space
_ Arbitration | _ CRC .|, Endof _
Field Field 7" Frame
\ Field
\
\
\
» Bit Stuffing Acknowledgement
< Field
B CAN Data Frame
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Extended CAN Protocol

o Standard Format: 11 Bit Message Identifier

Arbitration Field Control Field

>
Bus Idle | O T|D|r0 DLC
F R|E

A Y
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MSB
Bit 10 Bit 0

e Extended Format: 29 Bit Message Identifier

> Arbitration Field . Control Field |
R IS e N e
Bus Idle | O R | D T |r1|r0 DLC
F R|E R
A Y
__MSB |__LSB
Bit 28 Bit 18 Bit 17 Bit 0

e Both formats, Standard and Extended, may co-exist on the same CAN
bus

e The distinction between both formats is managed by “Identifier
Extension Bit” (IDE)
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Bus Arbitration Principle

Arbitration Field Control Field
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Bus Idle | O

-
m O

T_ MSB T_ LSB

Bit 10 Bit 0

e Bit wise arbitration across the Arbitration Field

e Dominant Bus Level = 0, Recessive Bus Level = 1
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Dominant/Recessive Bus Level

Recessive Bit Level
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Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 ‘ Bit 7 \ Bit 8

Node Output and Resulting Bus Level

Node A _| _
- Recessive Level = High -
Node B
! ! | | Bus Eevel

1 L
CAN Bus J_H_H_h S Demnniledslon

Dominant Bit Level
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Bit Monitoring
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e Each transmitting node monitors the Bit level on the bus,
compares it to transmitted level.

e Used during arbitration process.

e Provides immediate detection of all bus-wide and local transmission
errors.
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Maximum Bus Length

e Bus Length is limited due to Bit Monitoring
(Signal Propagation Time)
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Message Identifier
11 Bit - MSB First

8|7 6 5’41:\2|1‘0

Bus Arbitration Principle

Node A| O

Node B| O

Ji1

ode | 5 _U_| -

—
Receiving Mode Bus Idle
3
Receiving Mode Bus Id

Bus Idle

Node D

A LWL T

Receiving Mode

_
Bus Idle

Bus Idle

Arbitration Phase

A

A 4
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Bus Arbitration Principle

Main Rules of Bus Arbitration
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e Bus is considered idle after transmitted message plus Intermission
Field

e Node that transmits message with lowest ID (highest priority) wins
arbitration, continues to transmit. Competing nodes switch to
receiving mode.

e Nodes that lost arbitration will start new arbitration as soon as bus is
free for access again => No message gets lost
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Data Transfer Synchronization

Bit Coding
e Bit coding according to Non-Return-to-Zero principle

1 ml H_ -

NRZ
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Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7 Bit 8

Manchester

Manchester

e NRZ provides highest transport capacity
e Constant Bit level over Bit time
e Insufficient signal edges for synchronization of Bit stream

e “Bit Stuffing” required
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Data Transfer Synchronization

Bit Stuffing

e Sender inserts complementary Bit ("Stuff Bit"”) after 5 successive Bits
of same polarity
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e Receiver filters the complementary Bit

T

Bit sequence to be
transmitted

39 JMSs
SYERT|
-

Transmitted Bit sequence on
bus after bit stuffing

g JJms
aAOWDY

€

3. Bit sequence at receiver
after filtering Stuff Bit

133
.

=
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Frame Length Due to Bit Stuffing
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Data Field Data Field
0 Bytes 8 Bytes

No bit stuffing 47 bits 111 bits
Max. bit stuffing - .
(worst case scenario) S5 bits 135 bits
Average bit stuffing 49 bits 114 bits

e Based on 11-Bit Identifier
e Average bit stuffing determined per mathematical model
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Bit Monitoring

e When exactly does a receiving CAN node read the
bit information ?
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Bit Rate [kBit/ Nominal Bit-Time
sec] [psec]
1000 1
500 2
250 4
125 8
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Bit Monitoring
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G e Partitioning of CAN Bit Time into Four Segments
)

E 2 Nominal Bit Time 2!

Sync_Seg Prop_Seg Phase_Segl Phase_Seg2

Bit Sample Point

Sync_Seg: Signal edge is expected here. Any deviation
will affect Phase Buffer lengths.

Prop_Seg: Compensates for signal propagation times
within the network.

Phase_Segl1/2: Compensate for signal edge phase
errors by adjusting their length.

Resynchronization Jump Width: Defines the upper
limit to adjust phase buffer lengths.
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Error Detection Method

e Bit Monitoring

Each transmitting node monitors the Bit level on the bus, compares it to
transmitted level. Provides immediate detection of all bus-wide and local
transmission errors.

o Stuff Error
More than 5 Bits of same polarity outside of “bit-stuffed” segment
e CRC Error

Comparison of received CRC sequence and calculated CRC. Provides
detection of local receiver errors.
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e Form Error
Violation of fixed format Bit fields
e Acknowledgement Error

Transmitted message receives no acknowledgement. ACK confirms only
the successful transmission. Is used for error confinement.
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Error Detection Analysis

Probability of non-detected faulty CAN messages
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Example:
e 1 Bit error each 0.7 sec
e 500 kBit/sec
e 8 h/day
e 365 days/year

Residual Error Probability :

1 undetected error in 1000 years
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Error Detection
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o Error Frame
0 .
3 Basic Error Frame
8 - Error Condition Occurs
()} ~
Uncompleted Frame its Retransmission
Error Error
Flag Delimiter
Error Frame __Interframe_;
Space
n H H/4
More “realistic” Error Frame
- Error Condition Occurs
o
Uncompleted Frame its Retransmission
Error Error
Flag Delimiter
Error Frame . Jnterfram
h 14...20 Bits > Space ”

Error Recovery Time = Error Flag + Error Delimiter + Intermission Field = 12 + 8 + 3 = 23 Bits
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Fault Confinement
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e Guarantees proper network operation even in cases where
malfunctioning nodes produce continuous error condition

e CAN error detection can pinpoint to “perpetrator”

e Distinction between temporary and permanent node failures

e Identification and removal (self-retirement) of malfunctioning nodes
from the bus
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Transmit/Receive Errors

Possible error scenarios in a CAN network:
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1. Transmit Error
e A transmitting node sends a faulty message
e ALL receiving nodes in the network respond with an error frame

e Through "majority vote” the transmitting node is being flagged as
the “perpetrator”

2. Receive Error
e A transmitting node send a perfectly good message
e Only ONE node in the network responds with an error frame

e Through "majority vote” the error reporting node is being flagged as
the “perpetrator”
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CAN Node Error States

Reset, Configuration

rror Active

TEC > 255

Fault Confinement

REC: Receive Error Counter
TEC: Transmit Error Counter

© esd electronics, Inc. ¢ 525 Bernardston Road ¢ Greenfield, MA 01301
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Controller Area Network (CAN)

Serial Network Technology for Embedded Solutions
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4. Hardware Features
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Bus Medium

e Physical media must support “"dominant” and “recessive” bus level.
Dominant level always overrules recessive level, especially during bus
arbitration.
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Recessive Level = High

Bus Level

Dominant Level = Low

e Two-wire bus terminated with line impedance to avoid signal
reflections
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Bus Topology

Bus Topology according to ISO 11898
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120 Q 120 Q

CAN_L
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Bus Level
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o Bus Levels according to ISO 11898
P
@
A
5
— 4 -1
b Veanw = 3.5V
_O —
2,
—_ 3 —+ / \
% VCANiH =25V
e 5 | Vow.-25V \ /
-]
m
Vean t = 1.5V
1 !
Recessive Dominant Recessive
0 >
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Bus Level

o
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»
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2 .
o Bus Levels according to ISO 11898
°
(4]
5V Recessive
TTL
ov-——— b—d . Dominant
CAN_H
CAN 25v
(EAN_L
oV
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Bus Connection

~ NodeB
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T Rx

Node | Node

CAN_H CAN_L

120 Q 120 Q

CAN_L
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Wiring and Connections
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Pin Signal Description

1 - Reserved

2 CAN_L CAN_L bus line (dominant low)

3 CAN_GND CAN Ground

4 - Reserved

5 CAN_SHLD Optional CAN shield

6 GND Optional CAN Ground

7 CAN_H CAN_H bus line (dominant high)

8 - Reserved (error line)

9 CAN_V+ Optional CAN external positive supply
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CAN Controller Chips

Two different types of CAN applications:
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e Stand-Alone CAN Controller

e Microprocessor with integrated CAN Controller

Many major semiconductor manufacturers, such as Motorola,
Philips, Intel, Infineon, and many more, sell CAN chips.

Most semiconductor manufacturers who usually integrated a UART
with their microprocessor design, in order to support serial
communication for RS 232/485, nowadays tend to integrate CAN
instead.
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Controller Area Network (CAN)

Serial Network Technology for Embedded Solutions
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5. Development Aspects
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Maximum Bus Length

e Bus Length is limited due to Bit Monitoring
(Signal Propagation Time)
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Special Application Aspects

CAN protocol standard does not include “Inhibit Time”
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Problem: What happens when a high-priority message ID jams the bus
with a constant stream of messages, e.g. event-triggered sensor
readings?

Bus

Idle Bus Idle

Inhibit Time

“Inhibit Time” must be implemented into the application, unless you
use a higher layer protocol such as CANopen or DeviceNet.

Remember! Whenever you attempt to add software functions between the CAN Data Link
Layer and the Application Layer, you will be adding functionalities that are already covered by
off-the-shelf available higher layer protocols such as CANopen and DeviceNet.
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CAN Development Tools

What you need is...
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e The “regular” tools such as cross-compiler, emulator, etc.

e CAN Hardware Interface (Starter Kit)
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CAN Development Tools

What you need is...
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e CAN API for your own programming (should be included with HW)

e CAN “Analyzer” Software

‘ . CANscope _=l__1}.)_("
\F!le Wiew Can Help
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00030 00000 601 & 03 00 05 0D 00 00 67 FF o Germany
00031 00010 601 6 03 FF FF 07 03 09 04 OB 37
00032 00000 801 § B 0000000 L Do ey
00033 00010 591 g A2 04 12 00 00 00 00 00 »|  wemvesdelectionics.com
Sed | D [ RIR Len[  Datat: r_l_ r’[""f"f— [ oe]
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CAN Development Tools

£
G
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- CANreal — Monitoring & Recording
>
0
@
[}
©
7} % Net 2 | CAN PCI200 | 125 - CANreal (1) - 101 x|
e File Can Help
Add/Delete ID Area
from to 0=000 <> 0=7FF 5. = Trigger..
- _Add> | [co298itDs >> Net [2-CanFCiz00 ] I—: Cgﬁ::al
< Del | Stop Log..
= Baudrate: |1 25 - I kBit/s
" IDs decimal v <29 Clear | E xit I
Frame-No | Tra|  Absolute Time | RelTime | Description | id| aw | L] d1| d2| 43| d4| d5] ds| d7| da| Text |
1 10:38:23.155.495 4605495 Testld_11 & 01C3 § 45 46 47 48 43 50 51 52 EFGHIPGR
2 10:38:32.778.991 9623495 Testld_11_w/RTR 5 0c3 R0
3 10:38:36.471.018 3692027 Testld_29 S 0000001C3 L 8 45 46 47 48 49 50 51 52 EFGHIPGR
A4 S 10:38:52528.213  16057.195 Testld_29 w/RTR 55 0000001C3 LR O
5 10:39:11.646.221  19118.007 Testld_11 ) 01c3 8 45 46 47 48 43 50 51 52 EFGHIPGR
3 10:33:15.070.700  3424.479 Testld_ 11 ] 01c3 8 45 46 47 485 43 50 51 52 EFGHIPGR
»7 E 10:3%19514.256 4443556 Testdd_11 ] 01c3 7 45 46 47 48 43 50 51 EFGHIPQ
] 10:39:21.104598  1590.342 Testld_11 ) 01c3 7 45 46 47 48 43 50 51 EFGHIPQ
] N 10:33:21.739.610 635.011 Testdd_11 ) 01c3 7 45 46 47 48 43 50 51 EFGHIPQ
10 10:41:44.645.994 13458994 <NTCAN Event> Ay 0000 E 6 00 40 00 00 00 OO CONTROLLER(WARN!)
11 10:43:58.856.796  73042.796 & 0000 ]
12 10:43:59.030.704 173.908 & 0000 0
13 10:43:59.223.689 192.985 ) 0000 0
14 10:43:59.407.975 184.285 ) 0000 0
15 10:43:59.570.215 162.240 0000 0
Send | ID:I‘ICB—I_ 29Bit [~ RTR Len:l7_ Data$:|EIEIFIEIFIEISTI§ Clearl
[Fill: 15(1.5%) [Bus:ok | [STARTED | | | 7

© esd electronics, Inc. ¢ 525 Bernardston Road e Greenfield, MA 01301 Page 53



CAN Development Tools

O
£
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- CANplot - Graphical display of CAN data
&=
() i
@ Ed CANplot o =10l x]
(D Project Data Option Help
O
(7]
2 100 Mt F2
90
80
70
B0
50
40
30
20
10
I
-10
-2
=30
-4
Bl
-60
-7
-8
-9
-10
T T T T T T T T T T T T T T T T T T T T
299.000 300.000 301.000 302.000 303.000 304000 305000 306.000 307.000 308.000
Timefs
7] i | |
M1: 302423 s M2:304.423s  dM: 2000 s 10! o 7 )I YRR Pause Start I @
Configuration IDescriplion l
Color | Name INe! Baud [de]l Id Pos | DataType Int/Mot Scale | Offset | Unit
|1 Red |U: CaN_USB331 || 1000.0 L] 0 1|signed char v |{Intel v | 392157 000000
2 Green IU: CAN_USB331 w|| 1000.0 » 1 5|signed char v [lintel 3]3921 57000000
3 Yellow IU: CAN_USB331 w || 1000.0 » 2 1|signed char v [lIntel ;l 392157 000000
4 Blue IU: CAN_USB331 w || 1000.0 » 0 5|signed char v [lintel w || 392157 000000
5 Black |U: CAN_USB331  w || 1000.0 » 0 2|signed char v [lIntel w || 392157 000000
Pri: Data: I:/Prifesd/CAN-Tools/CANplot_free/canlc Start: 11:18:18.785 [Run: 308.423 5 | OFFLINE - DATA |
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@ CANrepro

Project Option Help

CAN Development Tools

CANrepro - Re-play of pre-recorded messages

Id Cnt RTR |LenO |Len1 |Len2 |Len3 |Len4 [Len5 |LenE |Len7 |Len8
1 0z000 v 62 1] 0 0 0 0 0 0 0 0 62
2 |0=001 V| 2769 0 0 0 0 0 0 0 0 0 2769
3 |0=002 v 596 0 0 0 0 0 0 0 0 0 596
4 |0=008 v 596 0 0 0 0 0 0 0 0 0 596
5 [0=003 v 597 0 0 0 0 0 0 0 0 0 597
6 |0x004 v 596 0 0 0 0 0 0 0 0 0 596
7 |0=00B v 535 0 0 0 0 0 0 0 0 0 595

Net [0:CAN_PCI331  v| Baudrate [kBit/sk [ 1000.0 v

82% | Line: 3456/5811

DData: log1.txt

© esd electronics, Inc. ¢ 525 Bernardston Road ¢ Greenfield, MA 01301



CAN Development Tools

C.

g

CANSscript - Python scripting tool
(= CANscript =101 x|

File Edit Extras Help

%)
9Q
s
O
| -
]
e
9
[
O
wn
@

& o sEBRR

| canlogger.py | | canopen.py l | canopenmaster.py l | canopenslave.py I

cspythonZd s hiohsplat-winy, ‘cispythonZ4ssibAsIb-tk’, ciipythonZd’, ‘cispythonZ4sslibyisite-packages | :J
<module 'ntpath’ from 'c:\python24hlibhntpath. pyc'>

2.4 [#60, Nov 30 2004, 11:49:13) [MSC +.1310 32 bit (Intel)]

Copyright [c] 2001-2004 Python Software Foundation.

All Rights Reserved.

Copyright (c] 2000 BeDpen.com.
All Rights Reserved.

Copyright (c) 1995-2001 Corporation for National Research Initiatives.
All Rights Reserved.

Copyright (c) 1991-1995 Stichting Mathematisch Centrum, Amsterdam.
All Rights Reserved.

Time: TueJan 2517:17:35 2005

CIF(Net: 0, 1d:CAN_PCI331, Drv:2.4.0, Lib:3.1.0, Hw:1.1.4, Fw:0.12.14)

CMSG(11-Bit-ID: 000, Len:0, DATA:)

RN

D:/projects/esd/CANscript/scripts/canlogger. py e Clear Close I Stop

....................................

[Scripts open: 4 Q 4
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CAN Development Tools

¢
£
3
g COBview - Analysis and diagnostics of CANopen nodes
3
Q
@ % CANopen Object¥iew o) x|
% — Settings T — Control
I asterCfa: I Create | \e/sahg:\wal der Sir 207 Node Start I Preop I
D-30165 Hannaver e Hesc,,ml Reset |

Baud: -1000 kBit/s |
E t @ Prome Stop
Net: ID L’ I I [V allNodes

—Access

I' lde”[' Ie"]' IOUS E truct: I J mp:
I}'FB I[gE ] I ACC. I 'I

Read | Write... | _
Description: |manufacturer hardware version

Sub:=zize HexValue LONG:=igned., unsigned HWD:=ig, unsig LWUD:=ig, unsig VisString
0: 3 00302E31 3157553 3157553 48 48 11825 11825 1.0

| I 2
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Controller Area Network (CAN)

Serial Network Technology for Embedded Solutions
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6. Higher Layer Protocols
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Higher Layer Protocols

¢)
£
8
S Why Higher Layer Protocols...?
*6 )
% {7. Application Layer
: ~—
@ £ g AN 6. Presentation Layer Z g AN
s - Sr—
s ; ol
i 5. Session Layer o
> = )
© 8
2 4. Transport Layer g
T , Tl
o =
v ‘3. Network Layer <\§/Z
W

[2. Data Link Layer

[1. Physical Layer

e Data Transport of more than 8 bytes

e Embedded Systems require appropriate communication model based
on Master/Slave configuration

e Network Management (Network Start-Up, Node Monitoring, Node
Synchronization, etc.)
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Higher Layer Protocols

CANopen

e Suited for embedded applications

e Was originally designed for motion control

e Developed/Maintained by CAN-in-Automation User Group
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e Manufacturer-Independent Protocol

http://www.can-cia.org

DeviceNet

¢ Suited for industrial applications (floor automation)

e Developed by Allen Bradley/Rockwell

e Maintained by Open DeviceNet Vendor Association (ODVA)
e Standard “controlled” by Allen Bradley/Rockwell

http://www.odva.org

SAE J 1939

e Communication for vehicle networks (trucks, buses, etc.)
e Standard developed by Society of Automotive Engineers (SAE)
http://www.sae.org
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MilCAN

HEAN
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Subsystem Control, Integration
& Diagnostics

http://milcan.org
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More Info on CAN

CAN-in-Automation (CiA)

http://www.can-cia.org

CAN Newsletter

Havdware + Software + Jools + Engineeeing
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Open DeviceNet Vendor Association (ODVA)

http://www.odva.org

Society of Automotive Engineers (SAE)

http://www.sae.org

Robert Bosch GmbH

http://www.semiconductors.bosch.de
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Controller Area Network (CAN)

Serial Network Technology for Embedded Solutions
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7. Literature
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CAN Literature

Copperhill Media Corporation
Creating the Context in Which Other People Can Think
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A Comprehensible Guide to
Controller Area Network

By Wilfried Voss

Controller Area Network (CAN):
Main Characteristics
Message Frame Architecture
Message Broadcasting
Bus Arbitration
Error Detection and Fault Confinement
Physical Layer

http://can.copperhillmedia.com/
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CANopen Literature

Olaf Pfeiffer, Andrew Ayre, and Christian Keydel

¢)
£
¥
8
e
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@ Embedded Networking with
@ \

O

w

(4h)

e Requirements for understanding embedded networking code and
communications

e The underlying CAN technology
e Selecting CAN controllers
e Implementation options

* Application-specific examples of popular device profiles

http://canopen.copperhillmedia.com/
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J1939 Literature

Copperhill Media Corporation
Creating the Context in Which Other People Can Think

A Comprehensible Guide to

J1939

By Wilfried Voss
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SAE J1939:

Main Characteristics
Message Format
Parameters Group Numbers
Message Packaging
Network Management
Address Claiming Procedure

.

http://j1939.copperhillmedia.com/
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Controller Area Network

Serial Network Technology for Embedded Solutions
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Presented by
Wilfred Voss

wilfred.voss@esd-electronics.com

esd electronics, Inc.
525 Bernardston Road
Greenfield, MA 01038

http://www.esd-electronics-usa.com

Download this presentation at

http://www.esd-electronics-usa.com/online-seminars.htmi
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