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« 1983 : BoschAlUIA XISXH  HERZ TZZNHE A|Z

« 1986 : BoschAtOIA CAN S&l 2 &2 A

« 1987 :Intel & PhilipsAtOIA = B CAN controller Al &t

*« 1991 : BoschOllA CAN A8 2 0 &H

« 1992 : CAN in Automation (CiA) &4 18 24
CiAOll A CAL(CAN Application Layer) T2 EZ2 &
BenzAtOI A CAN SAIZ2 AIESH 3 B XIS XE S Al

« 1993 :|SO 11898 &&= HIA

« 1994 : 1stinternational CAN Conference (iCC) by CiA
DeviceNet T2 &2 A JH(Allen—BradleyAl)

« 1995 :[|SO 11898 &H&F Lo 2
CANopen Z2E2 8 H(CiA)

« 2000 : time-triggered communication protocol for CAN (TTCAN) JH&t

& X http://www.can—cia.org/can/protocol/history/index.html
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*Passenger cars

*Trucks and buses

*Off-highway and off—-road vehicles
*Passenger and cargo trains
*Maritime electronics

*Aircraft and aerospace electronics
*Factory automation

Machine control

Lifts and escalators

*Building automation

Medical equipment and devices
*Non—-industrial control
*Non—-industrial equipment
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! 5. e
(L M

el P AlA (www.realsys.co.kr ) Tel:031-420-4326 Fax:031-420-4329




qun-" o33t %A‘l °[°E7| RealSYS

HII

CAN E A
\\

A
MNIN oS o

0
00
Al

&

« IS XHCAR)S £ JtXl E& O
Anti—lock Braking System / Engine Management System / Traction
Control / Air Conditioning Control / Central door locking / Powered

seat / Mirror Control S
D ==l
g EL' stoll MO AlAE(Marine control & navigation system)
« A2IHIOIE MO AlAE(Elevator control system)
« &A= J|HI(Agricultural machinery)
« M= 22! (Production line control system)
« 2% J|Hl(Machine tools)
« e A AH(Large optical telescopes)
« S AHJ|(Photo copier)
« o= J|J|(Medical system)
« XMIXI2|2](Paper making and processing machinery)
« L& J|J[(Packaging machinery)
« 231 (Toys for children) S
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« Multi-Master -2
=Ml o l==
BIAIXl 1D2F 2 U=
CIOIE s&l S X Al, d2J1HIH US M A= M &S Jls.
« SA ZHX X0 1 MBPSHHAI S4l Jl=s
« SAl HIOIE == : 8HIOIE (MY E/XHEE HAH EXI0 HEH
« SA ZZEZ2/0H XHelE Hardware® 22 Hel.
« Ct2=9] & X|(Standard: 11bit, Extended:29bit IDF2)2t S4l JIs.
« LO|X EH0 LEH(SE 20F Ul: "SR AS2H S4l)
« HIZ0| JHME & : Hed SARl MCU U0l 2|2 &30l =1 US.
0l) Motorola, Philips, Tl, Hitachi, Dallas, Intel S

| AS(CSMA/CA).
| UAS

Ch240
H &2

« CAN SA4I2 Jjest 3l Al =2 2| Robert Bosch Al
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Standard Format
Arbitration Field CIE]ligtltr:iﬂJI Data Field
-l | | -
S R,
0] 11 bit IDENTIFIER T|D 0 DLC
F RIE
Extended Format
Control -
Arbitration Field Field Data Field
-l . oot —— -
= STl _ RT, T+
E 11 bit IDENTIFIER |R|D 18 bit IDENTIFIER T 1lo DLC
RIE R
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Interframe ot DATA FRAME - Interframe
Space — - — Space
or
Overload
Frame
Start of Frame
Arbitration Field
Control Field
Data Field

CRC Field

ACK Field

End of Frame
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Principles of data exchange
CAN CAN CAN CAN
Station 1 Station 2 Station 3 Station 4
(Consumer)  (Producer) (Consumer) (Consumer)
Local Local Local Local
Intelligence|| |Intelligence|| ||Intelligence|| ||Intelligence

ﬁ' Filter|

| Frame " Filter | | Frame |

B R A
ldie O | Idantifier | T | D | rd | DLE Daka CRC |G | EQF |F5| Ilde
F R|E K
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« 1ISO118980l A IMbpsE A = 40m B E 2 7
* DeviceNetll A SA&lISE=2F S&I A2 2 A

A= SA& Hel
500 k 100m(328 ft)
290K 200m (656 ft)
728 K 500m(1640 ft)
e 8= U=
4 2=11H| E, Extended2| & 2=29H|E

ID H| E £=: Standard & £=

Driver 2~ X}: 32 or 64 or 128 = &=
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( « CAL(CAN Application Layer): Philips Medical SystemOfl A i &

Application Layer

& T = CIA(CAN in Automation) user group 0l Al 2t2|
» CANopen : CALSl /13, CIADS-30101l 2| I US.

« PCAL (Portable CAN Application Layer): CAL & 2| & C+E 0

Presentation Layer

\< German Federal Armed Forces CHSH Ol A JH &
* DeviceNet : CIAOI Al = 2=l Application Layer
Rockwell/Allen-Bradley 0l A JH &

Session Layer

 SDS(Smart Distributed System): CIA0I Al SOl El
Honeywell 0fl A1 JH &

Application Layer

\ » CAN Kingdom: CiA0I Al &2l =! Application Layer, Kavaser JH &

Transport Layer

LLC [ MAC

Acceptance Filtering
Overload Notification

Network Layer

Logical Link Control(LLC) /
Media Access Control(MAC) -

Data
Link

Physical Layer

Bit Encoding / Decoding
Bit Timing
Synchronization

Physical Layer

Recovery Management__ <

Data Encapsulation / Decapsulation
Frame Coding(Stuffing, Destuffing)
Medium Access Management

Error Detection

Error Signaling

Acknowledgement

\ Serialization / Deserialization

 Driver/Receiver Characteristics
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CAN Sa&l AKX HIZA 2 Al

Intel = 82527, 8X196CA, 8X196CB

Miiciochipf= WCE 250y BIC 88258 Bl 8G458MBICTECHT8: BIC €858 B 8G958=
Infineon = SAE81C90, SAB-C167CR, C505C, C164Cl,

Hitachi = SH7055F, H8S/2623F, H8S/2636F

Fujitsu = MB90F594A, MB90F598, MBI90F543, MB90F547

Dallas = DS80C390

Mitsubishi = M37630, M37632, M306NOMC, M16C/SFCAN, M16C/DFCAN

Motorola = 68HCO05, 68HCO08AZ, 6811C08AB, 68HC12, MC68376, MPC555, MC33388
National Semiconductor = COP684BC, COP884BC, COP87L84BC, COPB888EB /COP889EB
/COPB88EB/COPB89EB, COP87L88RB, MM57C360/MM57C362

NEC = 72005, 78K/0 CAN family, V850/SF1, uPD70F3079Y, uPD703079Y

OKI = ML66516 / ML66517, MSM9225

Philips = PCA82C200, SJA1000,

STMicroelectronics = ST10F167

Temic = TSC8051A11 , AtB9C51CCO1, Temic2 AtmelAtZ &4 &

Texas Instruments = TMS370x08D55, TMS320F241, TMS320F243, TMS320LF2407,
TMS320LF2406, TMS320LF2812

Toshiba = TMP95CS54F(mask version), TMP95PS54F (OTP version) and TMP95FW54F

i
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5 S EMXAEHIF OFF 2 [ CAN
B AN L0 “5Na G . GREEe
EdAIAHZE ON &% CAN H
Nt/ g N/ Fas ARSTON =
0V &EHE dominant &I 0|2t2
4 - otd, 5V A EHE recessive dl 20|
o e 3 ¢ . . 2t 22 M, dominant (0V) &l & 0]
X 5 X 5 X s recessive(5V) g2 0[2ICt 2 =
A=,
Level
TX1 A& 0 1 0 1 0 1 0 I
i I EL DsilR OALEN L =,
TReEA ol 0 0 0 0 1 1 1 1
W Al 0 ©) 0 0 0 0 0 1
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CAN SEA A= HISD| S4AI0IA 2 20| NRZ(Non Return to Zero) 2 & gt
| 2 23 |

CiAl 2ofl 1HIE S22 Z£2 atS FXIetll. Meth E2 &2 &EiDF A% 0
skt =l == Ps sl = 2l I%%—#S*EEE AL =HE = UL,

el =Wk =l -2 R =0 S E £ [ e VS BRSNS =R - AVUN L
CANS| B0l 0 BtOIE &0 Z 0l XIZ2=2 0|0l CHSt CHEO :
Olcist CHES 2 CANUHIM= 5 2 e A& S B Bl E 1 HIE F=Dtoto
S&Iot, =4I BXl= 012 1DHGHH JHUHZ CHAl S & &t
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NAN E Al ITTAUIOI =2
UAIN Sl —_LUllo ST7T
AN = |- Ear{ER) (RSB | ShThE]| =0 WS
GIOIE =&l (DATA FRAME)
2I2E T (REMOTE FRAME)
Oled =l (ERROR FRAME)
PHZEE Ty (OVERLOAD FRAME)
S Standard Identifier RYI r Data Data Data Data ClA)E
gﬁgdlzarfme(Z.OA) g 11 bit ]2 o] P | Byeo Byte1 |-+ | Bytes Bte7 |RIG|Q
S - Is]i IR clale
gﬁ?g&?ne@om g Standa1r1dt|)?tent|ﬂer E E Extendaegtl)ﬂennﬂer |1:\; 1r 6 DLC B[;?éao B%?éﬂ o B[))/?éafi BIZ))/‘;:ga7 E % ,(:)
SOF (Start of Frame) : 22| AIZ 20|
Identifier : = T2 (11 HIE), && ia OTCI 18 & POl V=) s
0l IDE HIAIX & =91 28 L HIAIX] #ﬁ HE Z2E.
RTR (Remote Transmission Request) : HIOIEH T 2|2 E Ty 22
CIOIE =2 &4 0 (dominant) A EH O:!.

SRR (Substitute Remote Request) : = T 22| RTR *IXl &%

IDE (Identifier Extension) : & Ty & & Ty 24

r@yr1 % 0} =%

DLC (Data Length Code) : QIOIEf =22l GIOIE HIOIE £, HS: 0~ 8

Data : 8 HFOIE 3|, MSB(Most Significant Bit) 2 & &4 &

CRC (Cyclic Redundancy Check) : 16 HIE XM A& (checksum)

ACK (Acknowledgement) : &

EOF (End of Frame) : Z gl &2 & 20| (5
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kS O Sl SNl
Inter — % | = REMOTE FRAME o | | nter
Frame Frame
Space Space
I or
T f 9 F 3 ():I_eurll:l):d al EE Ea-” % O.” E
Start of Frame [__:” Ol E‘I %:' g Ol gj\%
Avrbitration Field
Control Field
CRC Field
ACK Field
End of Frame
_%\_/‘\J < E]EE EEHCI)I]!(RTR A" 1)
Wl v S ECECDES
S HE A0 s S5 JIs0l £8E0 [ IDIF E€XIolioF SE &
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oy (EOF) Tz | LM EEZA
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N1 oHd=< ELTI
VLl o= J/1T A
[ CRC & ] [ ACK ol 2] ]
o @ 2 % (D% (:?) T T o = iT
2| =8| | =8| pata | Zo|B|R| 2| 7Y 5 OrOl (fl21 0t LAEID SAl O T
. U e [ o5 Field s 8| 9 GaNe ol = g0l ML=
= i 3 b i )| e St CRC Ot 2ME B2 EOFS
’EEUIH Hl E Ot P% [[HJJP | Ole =
0 o 2 :J.O|7C—>rt 2= EP% i|%0| ACK
[ STURTE o2l ] [ FORMAT i ] S ws MK JICRISE 50| §
\ / et O'E
[ BIT of| 2] ]
= NINERT [ Siie el |1E
BIT il : EH HESR &2 HEJ AZ 2™ HIE (e &4
ACK 0ll2] : ACK &2 S0t =4l 22X 02 22U =X 22 M, 0l = 2 =4 EXJF E=EH U
A 22 (S A=) EHE ['S) 2,
=46 EX 2M ol
CRCH G GREOWHED. | 2PNl =hAl
STUFF O] : ABIE (stuffing) 7210 X &L= O O] 22
FORMAT 0l : CRC Del, ACK Del, EOF2| <0l 0O(dominant) 2t0] LIEHS [ 2FAd
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024 S0l &4B5HS 124 2A5HH, OIS 0fl2f St
SF +0) T2 =S 2 AEIDl 2ot A
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PR (ERROR PASSIVE) AEHJ} SICH
el = ME|E Ol T (6HIE OMEH)E 2K
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e

A= 72y > 127

ERROR
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v

FAld 8 JFH > 255
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852 E0HelCh

O g0 S22 5 ARERT| S =St e= SIS TR
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UMAIN N\HIAIYZC1 TV

s CANPro Analyzer ¥1.0
COMME) SZHA DIAEL 2 TEHH)

=H s B © E e T B 1 ke
ZZES et = =4 D HIOIE 201 &4 HI0E CAN2.BA Data Frame ID: 068 GOl 11 41 11 11 12 34
CAN2.04 Data Frame 00 00 g 0000 00 00 00 00 00 00 CAN2.BA Data Frame ID: 068 HolE{ 11 11 11 11 12 34

.BA Data Frame
.BA Data Frame
.BA Data Frame
.BA Data Frame
.BA Data Frame
.BA Data Frame
.BA Data Frame
.BA Data Frame

1D : 888 HI0]Ef =11 11 11 11 12 34
1D : 888 G011 11 11 11 12 34
1D : 888 0] E:22 22 22 22 11 22
:@aaa 0] 11 11 11 11 12 34
1D : 888 Ol0]E:22 22 22 22 11 22
10 : 088 IO 6 =11 11 11 11 12 3n
1D : 888 0] :22 22 22 22 11 22
1D: 06080 ololEf =11 11 11 11 12 34

ERIEE

04 | Data Frame ww
i

USSP s e

Elocoocooocooo

-0 G0 00 G0 0D 0D G0 G0 G0 oo oD
-t
=

tlo] el 441 %
dlely &4l T2 HolE 7 A &
9% wpox g8 2o YolE $41
P 0ME 23 3
CANPro Analyzer U1.8
[CANPro EtEAE 212 2E] - cAN2.eA 1.88M BPS == ID:880 == Mask ID:-088
[CAN CIOIH ==& KT SE1 : caN OIH T EX =
[caN CIOIE =& 5 SE1 : caN HOIH =4 S5 =
[caN HO|H =4 2EH : CAN2.BA Data Frame Z!(|:8 1ID:888 [J|C|E{:00 08 68 68 60 PO 88 08
[cAN HIOH =4 2Eh : CAN2.8A Data Frame Z2!0|:8 1ID:888 [4|0O|E{:12 34 56 78 60 PO 88 0O
ZH| USE Port | CPPWOBWS CAMN2,04  1,00M BPS  Mask ID:000 D:000 1
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CAN S&! OIOIE : TXD(1), RXD(4) &&

= 5 3
= . : = 3
| zo0u= Z5PS A= o= | =3 —HA Edos e T

CAN F=41 dlo]H

A PPV U S, ]

I 1 El 1 -

M El ]
| I T B
L A IWE=] 25k S s 0= CH1 AT O Edao= Tl S_Osns

H =6t Hardware Ack.JF = A S 4l
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o
J
0
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*http://www.can—cia.org
http://www.kvaser.com/can
http://www.canopen.us
http://www.esacademy.com
http://www.semiconductors.bosch.de
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Introduction

The CAN is an ISO standard (ISO 11898) for senal
communication

The protocol was developed 1980 by BOSCH for automotive
applications

Today CAN has gained widespread use:
» Industrial Automation

» Automotive, ...etc.

The CAN standard includes:
* > Physical layer
» Data-link layer
= Some message types
= Arbitration rules for bus access
= Methods for fault detection and fault confinement
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Why CAN?

Mature Standard

» CAN protocol more than 14 years
» Numerous CAN products and tools on the market

Hardware implementation of the protocol

» Combination of error handling and fault confinement with high
transmission speed

Simple Transmission Medium
» Twisted pair of wires is the standard, but also just one wire will work
» Other links works, too: Opto - or radio links

Excellent Error Handling
» Strong point of the protocol: § Extensive error detection mechanism

Fine Fault Confinement
» Built-in feature to prevent faulty node to block system

®* Most used protocol in industrial and automotive world
® Best Performance / Price ratio

24
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CAN Protocol

» What is CAN? » Frame Formats (1)
»ISO-0OSI Reference Model » Frame Formats (2)
» CAN Bus Logic » Frame Formats (3)
» Typical CAN Node » Frame Formats (4)

» CAN Bus Access and Arbitration M Fault Confinement (1)
» CAN Bit Coding & Bit Staffing » Fault Confinement (2)
» CAN Bus Synchronization » Undetected Errors

» CAN Bit Construction

» Relation between Baud Rate and
Bus Length
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What is CAN?

®* Controller Area Network
» Invented by Robert Bosch GmbH
» Asynchronous Serial Bus
» Absence of node addressing

= Message identifier specifies contents and priority
= Lowest message identifier has highest priority

» Non-destructive arbitration system by CSMA with collision
detection

» Multi-master / Broadcasting concept
» Sophisticated error detection & handling system
» Industrial and Automotive Applications

26
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ISO-OSI* Reference Model

o } HLPs: CANopen, DeviceNet, OSEK/V**
7. Application Layer
6. Presentation Layer
_ Partially implemented
5. Session Layer by Higher Layer
Protocols (HLP)
4. Transport Layer

3. Network Layer

2. Data Link Layer
CAN Protocol

1. Physical Layer

*) OSI - Open System Interconnection

2of.

el P AlA (www.realsys.co.kr ) Tel:031-420-4326 Fax:031-420-4329




Two logic states on
the CAN bus

e
0

o

e I I — SYS

CAN Bus Logic

I[ED:DE oo
“0” = dominant

n

AR|R|AO|OOO|>3

A 080D ORO|0

A0|00 00|00 |C

“Wired-AND” function:

as soon as one node (rapnsmit

a dominant bit (zero)

the bus is in (he dominant stale

Only if all nodes transmit

2l AIA (www.realsys.co.kr )

Tel:031-420-4326

Fax:031-420-4329



e I I — SYS

Typical CAN Node

T89C51CC01/02

Diff.

TxD CAN
MController Sl -
Controller Line

RxD Driver

CAN Bus

(terminated by 120 Ohm on each side)
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CAN Bus Access and Arbitration:
CSMA/CD and AMP *)

&————— Start of Frame

Node 1: TxD
Node 2: TxD
Node 3: TxXD

CAN Bus

Node 2 Node 3 loses
loses Arbitration Arbitration

*)Carrier Sense Multiple Access/Collision Detection and Arbitration by Message Priority
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CAN Bit Coding & Bit Staffing

Bit Coding : NRZ (Non-Return-To-Zero code) does not ensure enough
edges for synchronization

Stuff Bits are inserted after 5 consecutive bits of the same level
Stuff Bits have the inverse level of the previous bit.
No deterministic encoding, frame length depends on transmitted data

Data
Stream

Number of consecutive _ i
bits with same polarity $ = Staff Bits

CAN Bus
Bit Stream
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CAN Bus Synchronization

* Hard synchronization at Start Of Frame bit

L —-— s
Intermission / Idle 2 mmmm —

All nodes synchronize on leading edge
of SOF bit (Hard Synchronization)

* Re-Synchronization on each Recessive to Dominant bit

I r

Re- Re- Re-
synch synch synch
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CAN Bit Construction

* Length of one time quanta can be set to multiple of pController clock
* 1 Time quantum = 1 period of CAN Controller base clock

* Number of time quanta in Propag and Phase segments is
programmable

1 Bit Time
8 to 25 Time Quanta

NRZ Signal

Sample Point
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100 200 1000 10000

CAN Bus Length [m]

Example based on CAN Bus Lines by twisted pair

34
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Frame Formats (1)

Bit Staffin
Bus Frame
6 0...64

Duration in Data Bit

CAN - V2.0A

Duration in Data Bit

CAN -Vv2.0B

Duration in Data Bit

SOF Start of Frame EOF End of Frame RTR Remote Transmission Request
CRC Cyclic Redundancy Code IFS Inter Frame Spacing SRR Substitute Remote Request
del Delimiter ID Identifier RB0/1 Reserved bits

ACK Acknowledge IDE Identifier Extension DLC Data Length Code
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Frame Formats (2)

I Bit Staffing
:  EoF |

Data Frame
(*) RTR = dominant

Duration in Data Bit
l Bit Staffing |
Remote
Duration in Data Bit
36
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Frame Formats (3)

* |f any of the CAN nodes detects a violation of the frame format
® or a stuff error, it mmediately sends an Error Frame

IFS or

Data Frame Superposition of Error Delimiter Overload
Error Flag Frame

— " |
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Frame Formats (4)
* If any of the CAN nodes suffers from a “data over flow”, it might
IFS or

Cverload
Frame

send
®* up two consecutive Overload Frames to delay the network

Overload Delimiter

EOF or Error delimiter »
or Overload delimiter Superposition of
Overload Flag
e oealti Y
Overload Frame 1

Duration in Data Bit
Fax:031-420—-4329

Tel:031-420-4326
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Fault Confinement (1)

ol

®* Three fundamental states define each node’s error signaling
Normal state, node can send all frames incl.error frames
» Error passive: Node can send all frames excluding error frames

» Error active:
Node is isolated from bus
An error increases the counter by 8

A successful operation decreases by 1

> Bus off:
* Internal error counts determine the state
Communication

» Transmit error counter (TEC)
» Receive error counter (REC)
* Aims to prevent from bus dead-locks by faulty nodes
<= suspended ==l

4— Communication active — eemmly,
TEC=128

active TEC<128
REC<128

passive

Re - Initialization onl
Fax:031-420-4329

Tel:031-420-4326
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Fault Confinement (2)

Cyclic Redundancy Check (CRC)

The CRC is calculated over the non-stuffed bit stream starting

with the SOF and ending with the Data field by the transmitting
node

The CRC is calculated again of the destuffed bit stream by the
receiving node

A comparison of the received CRC and the calculated CRC is
made by the receiver

In case of mismatch the erroneous data frame is discarded .

Instead of sending an acknowledge signal an error frame is
sent.

40
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Undetected Errors

Error statistics depend on the entire environment
Total number of nodes

Physical layout

EMI disturbance

Automotive example

2000 hly

500 kbps

25% bus load

el ONeE undetected error every 1000 years
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CAN Higher Layer Protocols (HLPs)

» Why HLPs

» CANOpen
» DeviceNet

» CAN Kingdom

» OSEK/VDX
» SDS

»J1939

42
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Why HLPs

* The CAN protocol defines only the ‘physical’ and a low ‘data
link layer’!

®* The HLP defines:

» Start-up behavior

» Definition of message identifiers for the different nodes
» Flow control

» transportation of messages > 8bytes

» Definition of contents of Data Frames

» Status reporting in the system

43
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CANopen

®* Features
» CANopen a subset from CAL (CAN Application Layer) developed by CiA!
» Auto configuration the network
Easy access to all device parameters
Device synchronization
» Cyclic and event-driven data transfer
» Synchronous reading or setting of inputs, outputs or parameters
* Applications
» Machine automatisation

* Advantages

» Accommodating the integration of very small sensors and actuators
» Open and vendar independent

» High speed real-time capability
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DeviceNet

* Features

> Created by Allen-Bradley (Rockwell Automatisation nowadays), now
presented by the users group ODVA (Open DeviceNet Vendor Association)

Power and signal on the same network cable

Bus addressing by: Peer-to-Peer with multi-cast & Multi-Master & Master-
Slave

» Supports only standard CAN

* Applications

» Communications link for industrial automatisation: devices like limit
switches, photo-electric sensors, valve manifolds, motor starters, process

SEeNsOors, par code readers,variablie frrequency arives, paneis...

* Advantages
» Low cost communication link and vendor independent
» Removal and replacement of devices from the network under power
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CAN Kingdom

* CAN Kingdom is more then a HLP: A Meta protocol
» Introduced by KVASER, Sweden

» A 'King’ (system designer) takes the full responsibility of the
system

» The King is represented by the Capital (supervising node)
» World wide product identification standard EAN/UPC is used for

* Applications

» Machine control, e.g. industrial robots, weaving machines, mobile
hydraulics, power switchgears, wide range of military applications

* Advantages
> Designed for safety critical applications
» Real time performance
> Scalability
» Integration of DeviceNet & SDC modules in CAN Kingdom possible
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OSEK/VDX

Offene Systeme und deren Schnittstellen fuer die Elektonik im Kraftfahezeug/Vehicle Distributed eXecutive)

* Initialized by:
» BMW, Bosch, DaimlerChrysler, Opel, Siemens,VW & IlIT of the University of
Karlsruhe / PSA and Renault
* OSEK/VDX includes:
» Communication (Data exchange within and between Control Units)
» Network Management (Configuration determination and monitoring)
» Operating System (Real-time executive for ECU software)

* Motivation:

» High, recurring expenses in the development and variant management of
non-application related aspects of control unit software

» Compatibility of control units made by different manufactures due to
different interfaces

®* Advantages: Clear saving in costs and development time
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SAE J1939

* Features

» Developed by Society of Automotive Engineers heavy trucks and
bus division (SAE)

> Use of the 29 identifiers

» Support of real-time close loop control
* Applications
» Light to heavy trucks
» Agriculture equipment e.g. tractors, harvester etc...
» Engines for public work

48
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Smart Distributed System ( SDS)

®* Features

» Created by Honeywell
» Close to DeviveNet, CAL & CANopen

CAN: a Large Field of Applications

P» Building Automatisation

»» Domestic & Food distribution appliances
»» Automotive & Transportation

»» Robotic

»» Production Automatisation

»» Medical

»» Agriculture
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