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1.

(CAND , . CAN

; CAN, , CAN
N N N , 1 Mbit/s. , CAN
CAN o , ,
» CAN
¢ CAN (the object layer)
* CAN (the transfer layer)
. (the phyical layer)
ISO/OSI
°
, CAN ( ).

2.
CAN
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CAN (Layered Structure od a CAN node)
. b b
[ ] CAN o ,
)
CAN ( Yo
(Messages)
, ( 3 )

(Information Routing)

CAN , ( , Yo
) : s CAN
. b b
[ ] : CAN , ( ) e ,
(Bit rate) :
, CAN o , , >
(Priorities) :

’
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(Remote Data Request) :

’ o

(IDENTIFIERD o

(Multimaster) :

’ o o

(Arbitration):
, o 2 2 ,
“ 2 “ 2 ( ) s s
(Safety) :

» CAN N

(Error Detection):

’

(Performance of Error Detection):

- 15 C D

, : *4.7+10 M,
(Error Sinalling and Recovery Time) :

o o

(Fault Confinement) :
CAN o o

(Connections) :
CAN o , o
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(Single Channel) :

(Bus value) :

(Acknowledgment) :
/ (Sleep Mode / Wake-up) :
, CAN
. CAN , B ,
, ( 11 “ ” D,
; ; N o Crrrrredrrrrr= ° d
7 )
3.1
4
( )
( )
3.1.1
7
R R R . CRC R 0
( “ 7, ( )
( “ 2 )



Tel: (020538730916 38730917 38730976 38730977 Fax:38730925

Interframe e DATA ERAME Interframe
Space — | Space
or
Overload
Frame
Start of Frame
Arbitration Field
Control Field
DataField
CRCF ield
ACKField
End of Frame
(RTR).
11 . ID-10 ID-0. ID-0. 7
(ID-10 ID-4> “ 7
RTR : “ ”’ “ ”o
Interframe - Start P<——— ARBITRATION FIELD - Control
Space of Frame Field
RT RB it
Identifier
6 “
b o
2 “ 2 “ 2
o 4 , o
Arbitration —J- g CONTROL FIELD —_—P Data
Field g Field
or
rl ro DLC3 DLC2 DLC1 DLCO CRC
Field
reserved Data Length Code
bits
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(DATA LENGTH CODE) :
d* “ 2
— “@ 2
Number of D ata Data Leng th Code
Bytes
DLC3 DLC2 DLC1 DLCO
0 d d d d
1 d d d r
2 d d r d
3 d d r r
4 d r d d
5 d r d r
6 d r r d
7 d r r r
8 r d d d
{0,1,....,7,8}
0’\’8 3 8 3 MSBo
CRC
CRC CRC (CRC SEQUENCE) , CRC (CRC DELIMITER) .
Data — P CRCF IELD ————— P Ack
or Field
Co ntrol
Field
CRC Del imiter
CRCS equence
CRC 127 (BCH ) CRC
D, 15 0. ( 2 )
X108 xTax4eX3+1
CRC (CRC SEQUENCE) ,
15 CRC_RG (14:.0)0 . NXTBIT

CRC (CRC SEQUENCE)

CRC_RG =0;

REPEAT;

1
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CRCNXT = NXTBIT EXOR CRC_RG (14) ;

CRC_RG (14:1) =CRC_RG (13:0) ; 1 1
CRC_RG (0) =0;
IF CRCNXT THEN
CRC_RG (14:00 =CRC_RG (14:00 EXOR (4599hex) ;
ENDIF
UNTIL (CRC )
/ » CRC_RG CRC . CRC CRC ;
2 ) (ACK SLOT) (ACK DELIMITER) &
; “ 7 ; (ACK SLOT)
( ACK ) “ ”

CRC P ] ACKF IELD End of
Field Frame

ACK Delimiter

ACKSl ot
CRC (CRC SEQUENCE) (ACK SLOT)

ACK : ACK ACK ) “ ” o )
(ACK SLOT) “ " ; CRC (CRC DELIMITER)  ACK (ACK
DELIMITER) &

7 13 »”
3.1.2
6
N N ~ CRC . N
, RTR 13 »” s (
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Inter - REMOTE FRAME - Inter
Frame Frame
Space Space
or
Overload
Frame
Start of Frame
Arbitration Field
Control Field
CRCF ield
ACKField
End of Frame
RTR (RTR “ 7)) (RTR “ 7).
3.1.3
o (ERROR FLAG) o
Data — P —————— ERRO RF RAME ———— P« Interframe
Frame Space or
— ErrorF lag Overload
Frame
l§——  superposition of — |
Error Flags Error Del imiter
, “ 2 3 (
“ 7 Do , 100%.
) (Active error flag) (Passive error flag) -
6 “ 2 . 6 “ 2 s
CRC ( “ 0, o
. , “ 2 ( “ 2
) b o
6 , 12 B
6 C 6 ) o 6 ,
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8 13 »” .
7 13 »” .
3.14
( ) o
2. 13 »” .
1 o 2
End of Frame or OVER LOAD FRAME Inter
Error Delimiter or Frame
Overload Delimiter Space or
¢— Overload Overload
Flag Frame

-——

superposition of
Overload F lags

—>

Overload Delimiter

, 6 13 »”

13 »” 13 »” (

7 13 »” .
3.15 (INTERFRAME SPACING)
( )
N N Do ,

13 »”

13

(SUSPEND TRANSMISSION)

- 11 -

’

o



Tel: (020538730916 38730917 38730976 38730977 Fax:38730925

Intermission Busldle

—P
Frame —»’47 INTERFRAME SPAC E < ome
1

¢ »”

—>
Frame —»Idi INT ERF RA ME SPACE o e

Suspend Transmission

|Busldle

Intermissi on

3.2 /
(TRANSMITTER)
(ARBITRATION) o
(RECEIVER)

13 »”

-12-
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( ,
5.
; N N CRC ,
b 5 b
(CRC N )
“ 7 (NR2) )
6.
6.1
5 ( )
(BIT ERROR) . (ARBITRATION FIELD) ACK
(ACK SLOT “ ” — ; “ ” )
(BIT ERROR) . “ " ,
6 ,
* CRC
CRC CRC CRC
CRC ; CRC (CRC ERROR) .
1 ; (FORM ERROR) .
ACK (ACK SLOT) “ "

(ACKNOWLEDGMENT ERROR) .

6.2

13

»”

CRC

»”

13 »”

ACK
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( 13
1.
2.

(

8.

6.
7.

127,
9.

10.
11.

»”

12.

13

13

13

»”

»”

(
(
, 1.
1.
; 8.
»” s (
13 »” ) .
(
RTR , 13 »” s
2 ., o
8,
14 13 »”

8 13

13 »”

128
»” ) s
96

-14 -

11 13 »” s

ACK
0,

»”

1,

0,
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=1/

(SYNC_SEG)
(PROP_SEG)
1 (PHASE_SEG1)
2 (PHASE_SEG2)

g NOM INAL BIT TIME L

SYN C_SEG PROP_SEG PHASE SE G1 PHASE_ SEG 2

A

Sample Po int

(SYNC SEG)

(PROP SEG)

1. 2 (PHASE SEG1. PHASE SEG2) :

(SAMPLE POINT) :

1 (PHASE_SEGL)

(INFORMATION PROCESS TIME)

(TIME QUANTUM)

1—32 , ,
(TIME QUANTUM) = m * (MINIMUM TIME QUANTUM)
(m )

-15 -
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(Length of Time Segments)

(SYNC_SEG) 1 ; (PROP_SEG) 1, 2, .. 8
1 (PHASE_SEG1) 1, 2, ., 8 ; 2
( PHASE_SEG2) 1 ( PHASE_SEG1) ( INFORMATION
PROCESSING TIME) ; 2
8—25

(SYHCHRONIZATION)
(HARD SYHCHRONIZATION) :

’ o ’

(RESYHCHRONIZATION JUMP WIDTH)

b 1 b 2
s o 1 ( 4,
PHASE_SEG1) .
( ;
29 o )
ce=0 (SYNC_SEG) .
ee>0 (SAMPLE POINT)>
ee<0 (SAMPLE POINT)
d ’ 1
d ’ 2
1.
2. ,
3. , “ ” “ ” , , N
4. “ ” “ ” , 1 2
9 CAN
CAN , 1 8

-16 -
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9.1
0.5% 1.5%, CAN
L CAN
2) CAN
3 ,
( )
4) ;
5) ; CAN
6) » CAN
7 1.58% ; 125 KB/
CAN ,
8) CAN CAN ;
9 ,
CAN

=17 -
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B
1. 19
2 19
3. 22
00 PP PRT PR PPRPRRPPRR 22
0 TP P PR URRTPPRPRRRPRI 23
3 e 23
3 e e 27
3 3 e 28
3 e 29
0 PP PR URTPPRPRRPPRI 30
3 PP PP OURTPPR PRSPPI 30
4. 31
5 31
6. 31
7. 31
50 PP PP URTPPRPRRPPRI 31
%P PP PR URTPPRPRRPPRI 32
8. 32
9 33
10. 33

-18 -
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1.
CAN , . CAN
CAN. , CAN
. . , 1 Mbit/s. , CAN
CAN , ,
, 1507051 , CAN
(LLC)
(MAC)
CAN , LLC MAC «“
2 “ ”o (LLC)
. LLC
, . MAC , . .
. . , MAC
MAC , MAC
MAC LLC CAN
( )
2
CAN
. , oSl CAN
ISO/OSI
/ b b
« MAC CAN LLc . LLC
MAC . . . MAC

-19-
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* LLC N N

Data Link Lay er

LLC

Acceptan ce Fi ltering Su pervisor

Overload N otification
Recovery Managem ent

MAC

Data E ncapsulation
/Decap sulation
Frame Coding

( Stuffing, Des tuffing)
Medium AccessM anag ement
Error D etection
Er ror Sig nalling
Acknowledgment
Serialization / De serialization

Fau It
Confinement

Phys ical Lay er

Bit Encoding/Decoding ]
Bit Timing Bus Failure

Synchronization Management

N

Driver/Receiver Characteristics

LLC = Logical Link Control
MAC = Medium Access Control

CAN ( )
(Messages)
, ( 3 )
(Information Routing)
CAN , CAN ( , )
) : s CAN

-20-
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. b b
. b b
CAN ( ) ,
(Bit rate) :
, CAN o , , >
(Priorities) :

’

(Remote Data Request)

’

(Multimaster) :

’

(Arbitration) :
, o 2 2 ,
“ 2 “ 2 ( )’ s
(Safety) :
, CAN N
- ( )
- 5
- 15 C )
, : *4.7+10 M,

-21 -
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(Fault Confinement) :

CAN

(Connections) :
CAN

(Single Channel) :

(Bus values) :

(Acknowledgment) :

/ (Sleep Mode / Wake-up) :
, CAN
. CAN , B , MAC

13 »”

(Oscillator Tolerance) :

125kbit/s o

Dais, S; Chapman, M;

“Impact of Bit Representation on Transport Capacity and Clock Accuracy in Serial Data Streams”,
SAE Technical Paper Series 890532, Multiplexing in Automobiles SP-773 March 1989

CAN ,

3.1

29 o

-22 -
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3.2
4
( ) o
3.21 (Data Frame)
7
(Stsrt of Frame) . (Arbitration Frame) - (Control Frame) . (Data
Frame) . CRC (CRC Frame) . (ACK Frame) . (End of Frame) .
0.
Interframe - DATA ERAME Interframe
Space — ‘47 Space
or
Overload
Frame
Start of Frame
Arbitration Field
Control Field
Data Field
CRCF ield
ACKField
End of Frame
( )
(SOF) , “ 7 o
( “ 7)) ( ) o
( “ 2 ) .
- , 11 RTR o ID-28.1D-18.
- , 29 SRR . IDE . RTR . ID-28... ID-0,
, CAN 1.0-1.2 ri IDE Bit.

-23-
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Standard For mat
o . Control .
Arbitration Field Field DataField
- - - |
S R]I r
o} 11 bit IDENTIFIER T|D|o| DLC
E RIE
Ex tend ed For mat
Con trol .
Arbitration Field Field Data F ield
[t | - —
> S| Rlr|r
O| 11bitIDENTIFIER [Rr|D 18 bit IDENTIFIER T DLC
F RIE R
11 ID (Base ID) . ID-28 ID-18 B
ID-18. 7 (ID-28 - ID-22) “ 7
, 29 o : 11 ID. 18 ID.
ID: 1D 11 . ID-28 ID-18 B B 1D
ID: 1D 18 . ID-17 ID-0 B
, RTR .
RTR ( )
RTR “ (Remote Transmission Request BIT) 7 .
RTR “ ”’ “ 2
, 1D , IDE SRR . 1D SRR B
SRR ( )
SRR “ (Substitute Remote Request BIT) 7 .
SRR B RTR , RTR .
, , ID (
“ ”) .
IDE ( )
IDE “ (ldentifier Extension Bit) ”
IDE
IDE “ 7, IDE “ 7,

-24 -
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( )
6 o o N
IDE ( , D r0. : rl r0.
s “ 2 “ 2
Arbitration —j- g CONTRO LFIELD P Data
Field Standard Format and Extended Format Field
or
IDE /r1 r0 DLC3 DLC2 DLC1 DLCO CRC
Field
reserved Data Length Code
bits
( )
B 4 , B
d* “ 2
— “@ 2
Number of D ata Data Leng th Code
Bytes
DLC3 DLC2 DLC1 DLCO
0 d d d d
1 d d d r
2 d d r d
3 d d r r
4 d r d d
5 d r d r
6 d r r d
7 d r r r
8 r d d d
: {0,1,....,7,8}.
( )
o 0’\’8 3 8 3 MSBo
CRC ( )
CRC CRC (CRC SEQUENCE) , CRC (CRC DELIMITER) .

-25-
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Data — P CRCF IELD ——————P»— Ack
or Fie ld

Co ntrol
Fie Id

CRC Del imiter
CRCS equence

127 (BCH

X15+X14+X10+X8+X7+X4+X3+1
CRC SEQUENCE (CRC ) . ,
15 —CRC_RG(14:0). NXTBIT ,
. CRC (CRC SEQUENCE)

CRC_RG = 0; I
REPEAT
CRCNXT = NXTBIT EXOR CRC_RG(14);
CRC_RG(14:1) = CRC_RG(13:0); I
CRC_RG(0) = 0;

IF CRCNXT THEN
CRC_RG(14:0) = CRC_RG(14:0) EXOR (4599hex);

ENDIF
UNTIL (CRC )
/ , CRC_RG CRC
CRC ( )
CRC CRC , “« oo

2 ; (ACK SLOT (ACK DELIMITER) & ACK

, (ACK SLOT) ( ACK )

-26-
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CRC - ACKF IELD End of
Field Frame
ACK Delimiter
ACKSI ot
CRC (CRC SEQUENCE> (ACK SLOT “ 7
, “ ” o , (ACK SLOT)
“ ” s CRC (CRC DELIMITER) (ACK DELIMITER) .
( )
. 7 “ 2 .
3.2.2
, 6
N N . CRC . R o
, RTR “ 2 . s (
0...8 ) e o
Inter - REMOTE FR AME - Inter
Frame Frame
Space Space
or
Overload
Frame
Start of Frame
Arbitration Field
Control Field
CRCF ield
ACKField
End of Frame
RTR (RTR “ 7)) (RTR “ 7).

-27 -
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3.2.3
o (ERROR FLAG) o
Data — P —————— ERRO RF RAME ——————— P>« |nterframe
Frame Space or
~®— ErrorF lag Overload
Frame
——  superposition of —p
Error Flags Error Del imiter
s “ 2 3 (
“ ” R , 100%.
1. “ 2 .
2. “ 2 s “ 2 .
CRC ( “ ”, ACK o
. s “ 2 ( “ 2
) b o
6 , 12 B
“ 2 . “ 2 6
( 6 ) o 6 )
8 “ 2 .
7 “ 2 .
3.2.4
1 ( D e
3 CAN 8 ( ) ,
( Do o
1 , 2

-28-
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End of Frame or

<— Overload

OVER LOAD FRAME Inter
Error Del imiter or Frame
Overload Delimiter Space or

Overload
Flag Frame
l«f§——  superposition of — |
Overload F lags Overload Delimiter
(Overload Flag>
6 “ 2 . o
. 3 “ 2 , o
CANL1.0 CAN1.1 3 ,
3 “ 2 ,
6 “ 2 o 6 2
(Overload Delimeter)
8 “ 2 .
3.25
( ) , (
N Do ,
(Interframe Space)
N , (SUSPEND TRANSMISSION)> o
< Frame

—P
Frame —»’47 INTERFRAME SPAC E

Intermission

Busldle

-29-
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’

—>
Frame 4#7 INTERF RA ME SPACE . e

|Busldle

Suspend Transmission
Intermissi on

3.3

3.4

(Intermission)
3 “ 2

s ’ o

CAN

(Bus IDLE)

13 »”

(Suspend Transmission)
2 s 8 “

CAN1.2 / o CAN

/
(Transmitter

13 »”

(ARBITRATION) B
(Receiver)

13

-30-
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4.
5

(Transmitter)

(Receiver)

( ) >
“ 2 s “ 2 ( 71 )
6.
(Bit Stream Coding)
> N . . CRC >
b 5 b
(CRC . ) >
“ 7 (NR2) , ,

7.
7.1

5 ( 5 )
. (Bit Error)

(ARBITRATION FIELD> (ACK SLOT
. (Struff Error)
b 6 b
* CRC (CRC Error)
CRC CRC o CRC
CRC > CRC
. (Form Error)
1 , (
)
. (Acknowledgment Error)
(ACK SLOT) “ 7,

-31-
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1)
2)

»” 13

CRC ,

13

13

" (

13 »” )
o

RTR , 13 »” s

8,
14 “ ”
8 «
8 “ " o

-32-
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ACK ), 1. 0, 0, 127,
119 127
9. 128 128 “
10, 256 “ "
11. 127, “ " “
12. 128 11 13 » s 13 » 13 »
“ " 0.
96
/ 1 b ’ ’
9
1.58%, 125 kbit/s

Dais, S; Chapman, M;

“Impact of Bit Representation on Transport Capacity and Clock Accuracy in Serial Data Streams”,

SAE Technical Paper Series 890532, Multiplexing in Automobiles SP-773 March 1989

CAN ,

CAN V10 Vi1l ;
, o , CAN V1.2

10.

=1/

- (SYNC_SEG)

- (PROP_SEG)

- 1(PHASE_SEG1)
- 2(PHASE_SEG2)

-33-
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- NOM INAL BIT TIME >

SYN C_SEG PROP_SEG PHASE_ SEG1 PHASE_SEG 2

A

Sa mple Po int

(SYNC SEG)

(PROP SEG)

1. 2 (PHASE SEG1. PHASE SEG2)

(SAMPLE POINT)

1 (PHASE_SEGL)

(INFORMATION PROCESSING TIME)

(TIME QUANTUM)

1—32 , ,
(TIME QUANTUM) = m * (MINIMUM TIME QUANTUM)
(m )
(Length of Time _Segments)
(SYNC_SEG) 1 : (PROP_SEG) 1, 2, .. 8
1 (PHASE_SEG1) 1, 2, .., 8 : 2
(PHASE_SEG2) 1 ( PHASE_SEG1) (INFORMATION
PROCESSING TIME)> : 2
8—25
CPU o , CAN
CPU , o ;
, o » SLIO
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Sy nc- | Prop- | Phase B uffer Seg.1 Phase B uffer Seg.2 |
Seg | Seg | | | | | |
1Time 1Time 4 Time Quanta 4Time Quanta
Quantum Quantum
1Bit Time

10 Time Quanta

(HARD SYHCHRONIZATION) :

’ o ’

(RESYHCHRONIZATION JUMP WIDTH)
1 , 2

i o 1 ( 4’
PHASE_SEG1)

29

(PHASE ERROR of an edge)

’

*e=0 (SYNC_SEG) . .
ee>0 (SAMPLE POINT)
ee<0 (SAMPLE POINT)

(RESYHCHRONIZATION)

(SYHCHRONIZATION RULES)

’

-35-
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B part

B part

ISO/OSI ,

B part

B part

B part

B part

B part

B part

3.3 13 »”

B part

B part

B part
CPU ECUs

CAN1.2

CAN

-36-
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CAN
( )
,» Bosch CAN
CAN , CAN
CAN , CAN
CAN ,
CAN , 82526 82C200 ( CAN D e
, “ CAN 7 , “C CAN 7 “VHDL CAN 7.
CAN
D) >8
2
®3)
©)
®)
CAN2.0B
1. CAN , DLC>8 . DLC>8 7.1« 7
, , CRC ,
DLC ( 6 “ 2 ) .
, DLC> 8 CAN
DLC> 8 DLC :=8, 8 , 8
2. CAN SRR SRR
N CRC N “ ) , SRR
SRR CAN ,
SRR , ,
SRR ( SRR ), SRR
SRR IDE , , RTR SRR
, IDE
3 5 “ 2 , ,
( CAN 3.2.4 “
»” 3 y b
4- b b
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CAN , 8 ,
, (128> ,
CAN , 128 (
12) .
4 . , 3.2.1 “ -
( ) ; CAN
( ) ( )
CAN V1.1 CAN V1.2 ( CAN2.0 A 9,1 4,
, CAN
BOSCH {CAN Specification V2.0
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