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Real-time Internal Control Network Technology for Intelligent Robot
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CAN Al Z2EZ(IS011898)2 (2¥ 1)=
Zo] OSI 7 layer % 3t 2719] layer(data—
link, physical)®]l thalf A elgtc}3].

1S011898 Specification

Application Layer DSP or Controller
Data-Link Logic Link Control Embedded
Layer Medium Access Control CAN CAN Controller,
Embedded or Separate
Controller
Physical Signaling
Physical . v R T S
L};;lecra Physical Medium Attachment v CAN t Electrical Specifications:
. . Transceivers, Connectors,
Medium Dependent Interface Transceiver Cable
CAN Bus—Line |

Implementation

( 1) ISO11898 Standard Architecture
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(& 1) CAN HH

Nomenclature Standard Max. Signaling Rate Identifier

low—speed CAN 1SO11519 125kbps 11bit

CAN 2.0A 1SO11898:1993 1Mbps 11bit

CAN 2.0B 1S011898:1995 1Mbps 29bit
(Z D2 CAN EFE HHEZ Qokst Flo|t}, i
27] ISO11519(low speed CAN)9] ¢ 11H]E 1000 ~
9] Identifier® Zt1 125kb/s =& 2w Z 800
T o]Zel 1SO11898(1993W)ofH HE&ES € o-
IMb/s7k] Zol€#T o] CAN 2.0A E: E ool
Standard CANo|2} &ttt Identifier”} 114]E 5

o|lBg Z 204871¢] ttE H|A]2] IdentifierE 7}
2 4 9ltk 1 o]Zof IdentifierE 29v|EZ &
25t 14L CAN 2.0B ¥+ Extended CANO]
2} ghe}(3],

1. CAN Physical Layer
7t. CAN Bus Topology

CANZ| ALujd|2E= CAN®| bus arbitra-
tionol] AF&E+= dominant(logical 0)¢} re—
cessive(logical 1)ol tgr QAR Tk
D ARE 4 glo e A7) uid| B PO
£ B ooyt £ A= rhssith 7Hg
2] 2ol= ALy 2= differential 2 LEEE
twisted pair cableo|t}, (2% 2)+ twisted
pair cable& 483 CAN bus connections
Uepdict CAN_He} CAN_L+& differential

Dominant  Recessive

Recessive

( 2) CAN Bus Connection

)
1
f t
50 100 150 200
CAN bus length (m)

( 3) CAN Bus Line by Twisted Pair Cable

T557] wjiof F electrical interference
of =& WS 7px| L Qi3]

CAN M-8 oIZ 78 A% Aish oK

=
2 tw1sted pair cablea o] &% 79l H
18 Zo) AE4ES HojZrh IMb/s] I
$& & 7S 20 CAN #& Zol= ok 40mE
A leH4l.

[*]

Lt. CAN Bit Timing

CAN Z2EZS NRZ H|E FY& A3}
NRZ FZEO| E44 A&AQl e I H|ES

43t off 23 F7|(synchronization)o] o]&
2 4 e H|E Hol(edge) 5 AT 4~ Atk &
Aol Qit}, o]9] A Wto & bit stuffing B4
o] o] &&=t o] WAl FAlIZolM 5742 A&4]
Q22 FY Az E AL Foll= HIEA 2
o} ZAo| HihEl= H|E 3t JHE Z7tE AR
(stuffing)stal FAISO|AM = F71E AYE H|E

ol ]
£ A|A(destuffing)ste] Eafjo] glo]g] & s}
Al Fet,

[ 2s I
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CAN 1bit time,
! 8~25 Time Quantum

Sample Point

<

]

NRZ Data
: v
. Sync Propag. Phase Phase
Time Segment Seg. Seg. Seg. 1 Seg. 2
1 1~8 1~8 1~8

Time Quantum

Time Quantum

Time Quantum Time Quantum

(a) Partition of the Bit Time

. Sync Propag. Phase Phase Sync Propag.
Transmitter Seg. Seg. Seg. 1 Seg. 2 Seg. Seg.
Receiver Sync Propag. Phase Phase Sync Propag.
(Fast) Seg. Seg. Seg. 1 Seg. 2 Seg. Seg.
Receiver Sync Propag. Phase Add Phase Sync Propag.
(Bit Lengthening) | Seg. Seg. Seg. 1 Seg. 2 Seg. Seg.
Receiver E Sync Propag. Phase Phase Sync Propag.
(Slow) ' Seg. Seg. Seg. 1 Seg. 2 Seg. Seg.
Receiver g Sync Propag. Phase Phase| Sync Propag.
(Bit Shortening) ! Seg. Seg. Seg. 1 Seg. 2| Seg. Seg.
(b) Bit Phase Alignment
( 4) CAN Bus Bit Timing
CAN BlA9] BE mESe CAN Ze|ofe] Al (33 4b) $AZELE 2Al%0] W2 399
2P0l SOF H]EQ falling edgedll £7](hard =2 729 257] 24S Ueplict SilZo] 4
synchronization) = ofz|9t v|E7lz] Hekst Aol AEH "o R}t whE AFoflA sync

A MEHsE] 9l CAN 2E52 w|x|z]o] 23
% recessive?t dominant edged| 2|&Ho2
%7](re-synchronization) ¥ o]} gtc},

(2% 4) = CANOIA] o] &5 H]E timed} &
7%Alof| thgk 1olot, WA (29 4a)+= CANY
1bit times Z 2 EollA AR&3}= oscillator 2}
A Fgow 2HA 233t s Uehdct, 2 o9
+ TQolzt st ZHAAH CAN to]E] 1H|E
+ 179 TQE o]Fojz]&= synchronization
segment®t 1~8712] TQZE o]Fo{Z|+= propa-
gation time segment, 2H&7] A E2A
L} £ 4 %= phase buffer segment 13} 2
2 s 4 ook MEE A fR83HH|E FoR 4
FEs §21l ME EQE+= phase buffer
segment 13} 2 Atolo]| §]z]3tcH 4],

segmentZ Ao B 2 ojnfjoll= phase buffer

segment 12 TQE 8 MN&7|E oHA = &t
& pAZ0] SA1Z0lA A5 Hlolg Bt b7
A sync segmentE A o B g ojufjo

+ phase buffer segment 29 TQE &9

5715 oA "ot
Ct. CAN Frame Format[5]

(23 5)oll CANo|| AHE== 22y 23S
ERH AT

K

* SOF
1H]E9] dominant(Logical 0)2A4] Hx|2]¢]

~  E3
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S R|I E|1
¢} 11 bit Identifier T1D|r0| DLC 0...8 bytes Data CRC | ACK |O|F
F R|E Fl|s
(a) Standard CAN Frame Format
S s|1 R E|1I
O 11 bit Identifier R (D | 18bitIdentifier | T | v1 | r0 | DLC | 0...8 bytes Data | CRC | ACK| O | F
F R|E R F|S
(b) Extended CAN Frame Format
(22 5) CAN Frame Format
MRS e BE R EE2 HES ARel= * Data
L=9] SOF¢| 2J3l #HE0]2]E falling edge®l| Payload Hlojg] geloz Huyjaji sk AR
A E71%k e, £ 2|tj gujo| Expx) w7 Bk,
* Identifier « CRC
%2
AR S 5 A E9lS et (2 Bt Cyclic Redundancy Check(CRC 158]E
olufe] o] 5L $429) o]F Bl A MUA e Delimiter 181E)EA HAE Dol
Bl elFoAlH. checksum& B lov] Wgolzig Hrlehe
*RTR o] ARg3te,

Remote Transmission Request H|Eo|d
tlolel Ze|91z] Y7 Z|URIRE FEstA &
9

t}, dlolg Z#|YolH dominant #F& 7H] 1L
7 =Z|9lo|H recessive ZHE 7HIch

* IDE

Identifier Extension H]EZA standard

ZHJ2l7] extended ZHURIAE FE3ITH
Standard Z#¢o]H dominant S 7Ix]2
extended Z#|Yo|H recessive #S 7H2Ic},

*r0

Reserved bitE UeplH 3 A&
H[H|Eo|c},

* DLL.C

S 9l

Data Length Code(4H]|E) 24 A%E g|o]
E] Hfo|E9] 27|15 veptitt CANoflA &= 2t 8
Hlo|EQ] Hlo|HE HY 4 glonm g
“1000” o]t

* ACK

ACKnowledge(ACK 1H]E+ACK Delim-—
iter 1H]E) 2] BA|2] & E0fEA W2 41 28]
oldo] ACK HEE Wh=HlE I &7t ACK &
£9] H|E ZF& dominant FFOE AE3tc} qhek
o] oA recessive HIE7} EE]U:] ESAES
A& dlolg A
o Al %E}.

* EOF

End of Frame(7H|E)2&A 7bits® re-—

cessiveE TAE T, Hlx]z]e] HEo] BHeS
Epic}
*IFS

Inter Frame Space(7H|E) 2A] tt& Ato]Z
< TH|eh7] flal| 5= ARttt
* SRR

Substitute Remote RequestZX] extended

27 I
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Z| Yol AFREM standard Z#|Q 9] RTR H]
E z}2]of| §2|3t recessive 3F2 7HItt,

°rl

Reserved bitE UeplH 25 ALE-S 93t
ofju]u] Eolc},

2. CAN Data-link Layer

CAN Message Typel5]

CAN HAE 5l A& ok 4719] 2z (A
z))ol &441 Heh o]F2 7 data frame,
remote frame, error frame J&]3 over—
load frame22A] data frame? Z$ &Alch
ol Ao HojHE Hul= o AREEL
remote framee Z-2 identifierS Zt+ data
frame®] $41& 9%sk= ©l ARSEH error
frame- H A 49| ofl2{ 9 HE 7|55 H2lst7]
A3l A= overload frame ©]A data/

remote frame¥ T} data/remote frame A}
0]9] 27} delay & Al5st7| Yol AH&H L},

7t. Data Frame

Fefjolm oM g (
Ak, oF do] Za|) v Eo| AN dgE Hxs}7]

ufict

Lt. Remote Frame

Remote frame< o2 =C=2HE] HoJgE
AEE 7S 245k ol AHEEH data frame
Fef|e} §AFSIHY RTR HIE ZHo] recessive o)
= glog ZE7} §itt= 2fol7t 9ot (28 5)
o] za||ol FEHE HXal7] vttt

Ct. Error Frame

Error frame2 H249] o3& ZHESH Y2

o] L tofx EHt Error frame (78 6)
3} 7| error flag(6~128]E) %} error delim—
iter(8H]E recessive) 2 FAE Error flag
+ ogE AE3t =29 Yeli(error status)el
ozt £ 712] PR v} Error statuse
o] AFEE error handling 25 #sh] vt
gt}

Hx wAao ofgE HER &9 error
status”} error—activeQl A-$oll= HA o8&
HE32} ul2t bit stuffing 212 7H+= active
error flags WIAIA Al WA Afof Q= HA]
219] A& o2& AUAIA dAl w2of ofj27t
U tE L=soAl gEA "ot o] active
error flage A42¢ 670¢] dominant H|EZE
/g%t CAN H& 24 5708 A& 3 &
olli= 2 vii=le S/de) BIES A (bit stuff-
ing)A|AoF st F2& 7ieAl Eo] WA &

UE HE EES A 2SR error
frameg WIA|Z|A| ot ofg] EFofx LAY
% error frame®|| 2J&f ¥2A9] error flage
6~12 H|E2] dominant H|EZ TF50]z]7A| &
0]%9] error delimiter® error frame©| BHE:
28 & HAE o] B4 R FoPHA =
error flagel oJsl| AEo] F2|H v ThA] A
A4S sHA| =t

T H A9 o8] & HEJ e =9 error status
7} error—passive’l Z-olle WA olHE HE
512} ul2t passive error flag(6719] recessive
bit) & WAYAZ]A] E|3 HH| error frame er-
ror delimiter7}z] 3E3lsto] & 14H|EQ] re-—
cessive B|EE E%alA| "t} o] % AA| $A4l
Zof|i WA ofl2lE HEsHA] Fot= & error-

Error Frame

Field within
Data or 6~12 8
Error Frame

Interframe
Space or
Overload Frame

Error Flag Error Delimiter

(212! 6) Error Frame Format

I 2 |




passive AE]2] Eof| A HHHE error frame
FAEA et 22y $415 =57} error pas—
sive flags "BAYsHA| "thH o= stuffing 2
S 0|77 Hof t}2 =E0] error frames %
AetA ghEA| Eot

2t. Overload Frame

Overload frame2 active error frame¥
Z2e zulog o]Rofxr, It overload
framee interframe E<toat whSojZIct
Overload frame2 (2% 7)3 o] overload
flag(6~128]E)¢} overload delimiter(8H|E
recessive) 2 4%Htt Overload flage o
L EojA BHE0]Zl overload flag ©|%9] 6 H|E
o] dominant H|EZ FAEct  Overload
frame =E7} YF AP O 2 thg W HAIZ]E
HhS Ea)7E Eof 9l2] - S WA g,

Overload Frame

Interframe
Space or
Overload Frame

Interframe

Space 6 | 0~6 8

Overload Flag Overload Delimiter

Superposition
Overload Flag

(= 7) Overload Frame Format

3. CAN Bus Arbitration

CAN B4l Z2EZL2 CSMA/CD+AMP T+
CSMA/CD-NBAzl= H]X2] A& HIAUES
7HA 3 9tk CD+ AMP FE= NBA+ tjr]z]¢]
identifier BEo| vlg] FH A& w2t
bit-wise arbitratione 53 F&5& ulshk= 1
Aojot, =2 44919 identifier(E2 4 &
9] X2 7F HAE AA|AsH= 7R ollA ©]7]
Al et

CAN A= “1"2 FHEE recessive AL}
“0"2. &2 ®FEE dominant A F 712 & 7]

U 2|/ Ase 2R U= AR A S4Y 7|

>

o}, CAN w20 dZE|o] gl LEE2 1
HENEE AHE8H| Bug 7} 9] &9
wired AND FHEej2 FolA Hr} o]+
dominant(0)3F A7} recessive(1)g AR
o} A e vttt

T 7 olde] =7t Al HAZ]E HEate
I ] Z HIA| 2] A B AERLE g H|EA B E
492 vlste] AY =2 A £919 HAR] (7}
A

A8} 3H8 AR BAIR)E HSE T v

T v O

L
o ot yo

o
<9219 HA R E2 HES S5 et A

B3 3t} o =T} recessive B|ES HYE
o HAE BUEHRE 27} dominant B]EZ} 3
SESTHE o|& ¥A Wo| thE =Er} 27| Kt
E2 A £909 HrR]E HESHL 9= Fo|BE
i === HA 2] Y] HES SA] FHIL AR

AgksHA ot Ags St = Es HAY

£ A gRIstel, WA} tha] ]2 A}
5oz T WA HES Al

TR fu ol i
I
roit

it 1 o2 |n

(28 8)2 CAN bus arbitration H4l& 1
Hog vehfiglct, HA 199 koA HES
7hAI8H7] 918l SOFE dominant AEfE Tt}
olo]] BHFo] LhH2| 2 EEE 57|30 HES A
zZksteh 7 L EEL SOF ©]%9] identifier H|E
£ bit 1058 2| & w2 =it} (23 8)9
goldE= node 19 Z$¢ Identifier[10:0]=
110111--- ©]3 node 22| % Identifier[10:0]
=11010011000, node 3¢ 7% Identifier
[10:0]=110100111---0|c}, Identifier?] bit[6]
oA node 12 recessives Ei=g] HA9]
A= dominant©] 22 node 12 ZHA1HC}H ¢
2 ALY HA R 7L HAE BAIA B QLS
< Wdet miE fARER ARty o] ¥
bit[2]94 FA| node 32 recessived FF+=
g] W2A2] A= dominant®]2& node 3& 2
2 A Y HA 27 HAS HA|A
sohsto] vi2 fARER Xgheit)

-

o i

s 98

2o I
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S R
o T
F|10]/9|8|7|6|5|4 2(1]0|R| Control Data
Node 1 Listen Only
Node 2 Control Data
Node 3 Listen Only
recessive
BUS Control Data
dominant

(212! 8) CAN Bus Arbitration

A= WA= node 27F H3HA = ol node 29
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AMP  Arbitration on Message Priority

CAN  Controller Area Network

CD Collision Detection

CiA CAN in Automation

CSMA Carrier—Sense Multiple—Access protocol

ECU  Electronic Control Unit

ISO International Organization for
Standardization

NBA  Non-Destructive Bit—wise Arbitration

NRZ Non—-Return—-to—Zero

OSI Open System Interconnection

REC Receive Error Counter
TDMA Time Division Multiple Access
TEC Transmit Error Counter
TQ Time Quantum
TTP Time Triggered Protocol
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