b L K CF R Ut R

T 993605
4% 8B NI ZE CAN R B EME RS

{8 1% A

e RBRF AL LT

A

MEILEZGNARYE RGO THAEEE 22, FihH
WIE AWM EREMEEE. AR 8B AMMAHE - 0. H46H
RS232/RS485 & 4 B 4 A e LU0 3 45 8 — A48 ok B M & 4%
M EFEFEERE R A 2K/ HHBERGE T EEASE, LM AR
8B WHAHLE 4B E L. iR HA AL S48 2 50013
B, RN EMBREEN (CAN) fiL#47 7 4k,

EAKIE 5B NIGP- e L s Ro M I TR R gl = S g PR = N R
W CLLUR R (M /60 AR R AT A0S . FL AT RF O A e

CAN Tt #72 m{EE B Robert Bosch /A 8] #7435 & w1 25 40 Ia 4
KERNGTRHERENFERETMA LA —BIEEABEZEL., HA
CAN 9 ERFoS iy, LAGRET WA RS F) 2 m B i
Z TR CANTENBIEL AL £,

CAN {4 —MEFFTHECEBRANT 1SO11898 1] ( & @
FRF)Y HISONSIV(RERENA) .

CAN 2 —~MEAZTREHF HOBTREELE L4, 84
CAN 1 g AR LA 3, £ A CAN W A o DUE 4% 8 sl 42 i sk
1SO11898 ERirE M B RERE A ALt HhEIT N R E 4,
i CAN WA -2 7 ISO/OS] X EAGTMAE. £ CAN W&+ &
HEREL LOEZTBELY Sdbhh, RERZGR LELFMLLEN
FEREE, —ARRHARFA CAN ¥ALREL (J#7
). BNV EREFEUGERAGFRARAE R T AT 2GR, A
R FE BT T e B FREF WA KL,

CAN p il e — R HBRLATRENERTEHS.
CAN #HBILKTAMEREAKER AR TRBAENHH., A7
EIRN CAN WA TR RSN 2HE CAN W4,

CAN IR KERFEEE LD IM /M, FraE TREEE
1k 40 K, 15 125k f/RVE R 500 K, 78 S0k fu/fbm e ik 0 F k.



B g i odh KSR B E s L

Lﬁﬂ%?w””EuEW%ﬂsBWMﬂﬁﬁﬂm%

g ——T—_ T AT A = 1 e+ e = P

CAN l‘]ﬁ&ﬂﬁﬁ%‘ﬁ $FREeENRERSL, £ -MHRINEE A
. )

ok AE

BHERBW, BEF, TLIGLE &a014, 2L,
o3

Lo 3atbe
“gaw%ﬁ %%f%‘ i

R £ et é o 3
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A Ll ko E e X

1.1 DF8B WX H.F H1E & &

DF8BZ A ERIZF F MLty WML E, CEERTRER
B, WAL ENRBERAT RAAT A ERHENLAERR. &
WP B GRS & S B9 R RS232-RS4853% 48 X 4. [H 4 RS232-RS485
WERPETBTEL, ARG EAGTRA - AES 4. E8HE
M, ZATHBTRFRAY A, KiBEASAERWE -1 575,

£ 7 5t E A
H0| |RS232- RS232- | |E i%
fl o[ |RS485 | Y |RS485 =e
Qo ERE ERE 15
C——/———— 0= [ ——EAL

B 1-1 DF8B W¥ AL % RS232-RS485 12 £ HiAE

SHANLERE, BREHHEE-NEENFSEML. 88,
REAZINMU A B RRHT RS, YELHENEFYHEER
RABERCHRERMEEFLERE, BEAMUNEERFZES
TRANE. BEEUENFINERRERBBEH T E L L% Y
BEMeLF, YBRTRERANGLSEELENNEL, Rtk
ZA BF . WERTFREE RN R KIE.

WEERGNFEEEM Y.

e WEBHAHE-ANFETUENEY A,

o MW AFTELT EENE L EHKE.

o LWMGEHRE (HBR) BHHLABLESS.

o lfEHE RA48001L/% (bps) .

o BUMBREXTHWEE (RS232-RS485) Fibl Rt
TREELRMNBGCEERTAEENTE R MNBELE
(e hzE) .
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E I/ G B NI 7 T Ol &

1.2 8ERANSREH K& E A

A I51 El % # CAN ( Controller Area Network ) B & 4 ifi1g F &
W EWRERE, HEEEHAFHR:

o KEBHiMfE (X T400%) .
o FififE L E ( 7351000k bps) .
o HEET EM.
o ZIXIMBHAFZGEM.
T EE PP A Bk deph i,

L Tehe R et DN UMEREE U et R A e s A el gt . -
R ARSI 0 RS ERRE ST DT R e S
A . el A REE A P ;@} Bt s'“i PR A~ S . T
. Y . . P . e * - . LR .



#

LS R e

FEm EHlEEHM (CAN) 4T

2.1 f+ 4 & CAN ( Controller Area Network )
EHBREBPCANE - M & TRE AL, SHESTE -
FEBEGRTRETEEARE. BaHBEe ks,

CANE -WEAZTRER I MBEITLS, WHAHCANT &
AR ABEN EILACANY AT E M Ak R g mk. X
HRIEZISO 1898 1AMl A A S B R B ITEANE
*, T HCANBAS TEFFRLAL/FREZLEELE (1SO/OSI) &
B RSN, ECANME T RAEGE X Loy R BE 3 S
., BARZAERAEEAFERAEENGEE, — A LEFEOFHE
HICANT SRR EEE (JTHBFR) . 4% SRERELHFRE
RAGREFHEZTHABIGEL. EEHFRARELAE T MELEL
SEWNNEEFOREL.

BHFEHFPRAERBELLE TCAN, FERELBERE
WA H A RKERACAN, CANS A ESAMEA =Rt 105, &
KAEBERTUEGGRCANG R R L QB RA, & LI109FES
SHREZK T AR ST HMCANY L [(CIA) CAN In Automation].

CANBAI R R 45 2 — R 5 B AR B B0 .
CANZ B BIL R~ AWHE, Kt FE8RRTHAE R A 4.
W E AR AR R RS .

CANH & K43 B 8% X4 IM bivs. R @EEE FHEL
BT 540K, fjuk W4 K E BB EE S ABAL: 500K K F Tk
125k bit/s, &1 # i ¥ 14 50k bit/s.

22CANY TR

22.1 BEBEHAN

BHEE CAN WS LR BRA Y SHUT b, AR &4
WA (mEFHRE. #E%) # 7 XU RRS L% —wir R,
SERETREX T RRBENNE, EEXTEALRER. ik
ENANF AR R SR ABEH SRS BN YT E,



oy &L K+ L

LAy Ety CPU BHERWE Py — AR S A 8K IEE B
THIEERANEERFIBFE A TS CAN KR (FR&HRYE) .
FiA ) CPU £ R 2 BB LA ax — F — — #0451k, CAN ¥R #
e B4t CANGEEXA# (K#E8) . —BHih CAN 7518
Bl T RAWHA CAN W& L HUAY S0 %45 hE Stk F &
(#BIER) 4 CAN B LAY & F %4k 2 iz B, A 1E o
FARALEEETSECHR sk T (HHF) . wEERE
MW HAAMX U LE (£2), TNFEHLE, hk#E. #
WAt A2 W 2-1 & R,

CAN ¥ & 1 CAN % & 2 CAN T & 3 CAN % & 4

| B2 Bk .
% PO 4% % 3%
B A Bk R B R

1 v ] T

B 2-1 CAN ¥ S 6] ) #F R X 2 HAE R E R ET) 8.

CAN MEZRAGBRENGEREMRBEITH AN FHF R
SAey. ECAHFEREREMANF Y AEEHE, TEENCAY
ROREHERTEAEY, REAFTAREASRY AT, EA
CAN BECRIBNAE A LT ENENTEEYE L& U E L LM
B, CAN XRERXEWHARLER R (S IR, 2L
A) R AR LE. s MEHBARTEFRNEFEE M
ETHH-NRENMRBBRWNLHRITER, IHBETEEHE)
EHBRES B OERE,

2.2.2 JEBUIRME AL T K T ] 3R AL 8

BRATEIN LG L AEAGRE NI RBERE PR wis
W, BANEREREGYEAREE LA IM bits, 7 E Y A%
PATEE R X MR AT e 0 S B,

BRGNP AR E N ER BB EEN RARE 25
ok ARGERUHRE (WEaNEFH) LARFEN LR, @




b F Rl K F a4t L

TR (AR ) it i, FARBELE, ©AKF
A 5Ok #y B BER.

i

CH| | e
ol D ol BASE
1|||1||||
il !!1!
b HERIEEREIEE
O SHL
e IR mminE
N
S ] N
iyiliy g
P ANER I

B 2-2 4k 3R 5 AP AL

AXTRFREZERMA U BT B A ® & %2
AR SRR PN E X . AT £ Grik it v A5 K MR 4 Rtk
AMEBRITH AL URATHAMEE. M EH OB —4 — 4§
WEME (FFRF) , HEMMEERNE.

ATRELHRNE $RBIUEE A EV S RBRY. &
N EREE SR T ERELNE BB R S~ — (i
K. RELGSNHNEL BT (B8 0) HWEEHRB BT (B8
1) . ASERER SNV AU R AR Y THERDEH 2 TS
ERMB. MAZRHEAFTER OB B A DB ERBRY &, 53
WEEXRERERRBE NI NETEESE BN, B 22 8577
AT F AL

223 RE A BHR

RESRREIER NS TERNB R EZAT AT, TF
WHAFREETARGEL., AMERN, KAXHLEEQRILA
V% N E 3

o [EE A K 4 B &

BB REEARHBRF R BRAGENEEEEH T A, X

T R EFET MR A A 5B A28 2 % A

. Bl S M E (token slot) HAMAEE (token passing )

FLE

e KREEf4WMEL

- 10 -



RS e

ESoBREaAT YR NEREROBRAENEEES
TEATA., M AR NRATDEMIIENT A (F:
CSMA, CSMA/CD, #[E 4% & ( round robin ) KA1 %
# )

1 CAN R& 0B a2 3t T4 & 4 13 Bt I BHE & 4R
M E . X2 CAN ¥ L3 £ KB FE ko Be b 4.

A-MAMTBLARROFAZ AR LLTEHFR, T
oA Ek:

o HBITME KT

ARG RE L ARA DB R AP SR A EA
TAa (MHEASRAIYE) M AR EA Y LS. 1
R AR E R — DY EFTE, T2 L anfiml
XM, 6 A R B (token slot ) , 4 B 4&# ( token
slot) , [l & (round robin) &AL 5 /& (hd.

o BUTHEE A

ZAT R E S B P A R ANERA L, Hibik
AT AR RA LA, AREL LT £48
R EHITERELF P, flin CSMA/CD, ULk M
( Ethernet ) .

B CAN Bl 5 33 B7 1 40k o o 40 38 o0 40 38 K € 38 B ] 1 TR
W, MARHELRKTE-EHERERE THALEHNE. CAN
e BRI % A F o a8 0 B R R — A Sk
FRAEHN (B W) . BEH CAN W54 &5 L4 1R
HRME 0, EAEELETE RIS FRE 1 AR RS (G
W) R 29 AR R (FRW) MEEATHIRLAE AR Y. SE®
ETWREE (FERE) (R & W EE$ 4% (& CSMACD) F
B, CAN 89 M h 87 X LURER S T A B BB LS B A X
B 8K HE

fE CAN B4 bt &R0 FIARR #oi8 BRI MRS, 5
SoA oy A 3 O07 YRRt bR T R R, B AR A B Y
AT, BMREFRAFTHELE (RRARTE) WEZHALL
B, BHRERGBEETR, W ASGNBETRTIAAANY
. EUMHATERMAAHLAF T 258 WO BERELRS
M, MEGREEGABRZEANTREBESARDMRE. LHE L5
TRSSEABTERGRN R R LR HHRAE CANHE T A% 4. HHA
KA TALR S R BORME & R F A, ROITUREEZEN L
REEGRE. HRA R R,

-11-



kg i K SF A A ib X

BN K& B T LA — 2 s A
o X HE %y E 44 (centralized bus access control )
o A E £ o4 B ( decentralized bus access control )

HEANR G R A A A S 0 T DL AT IR M AR
ARETXELFEES, SMEZAPMALE L FE R, wRAL
AREP AL AFFEES, YhFE (XYR) REFBRI AR L
BARMBI ARG R BT, AMXM T ALY, H
AR RN - RSN, HHAREGAHLRA, WH
B R A ATHAT R 7 S 8, i £ W A AT A AR et
HAEHE AR, AFULEREE CAN XA R XL & REd, ZHER
A-ADETRAERIEFZRETNTTHRT . £ CAN &P L4
Rl dl. HEABRENHBRBARFTEEL AR ES P TR, X
A DLSE B0 18 2 SE1R & o ST A 1.

RZ CAN AT -MEATEEERALERNRELENF %,
AWEF AR RE L LU FIAE . ERANE AR
FRERTULARGHARBELRE, THAFAYEARRLE
EXHEOAAEE. dTHMLAEYAFFLELEANY A RRL
LR RERREH.

MTRMARRAXUHE R L X, HAALHZS S
BEERGHENRERERNEEMRATUR R, BHFLHE
RA2BPANBETMEERGHAR, KEHEZRNEETLEALHE T
ARABAL.

2.2.4 15 EBiAR

CAN WX X HHME BBIRR, HEHNETFEBFRYKE
ARAE. EREMPRRAEKEN 1112, AV EPT Y 29 (4. &
M EPIAEEEANAREY. B 2-3 T hRERKR,

PR E B (SOF) Féth. ERBAE TR FE
(arbitration field ) , ¥ 3 47 B4 (identifier ) &K i% B & K 4
(remote transmission request) F7# pk, BATAR B HF —Wi1E B2 B
RrafEp. ETERREHYG (control field) , THEHRRLY B
(IDE) (FFEXWMERRTRY EW) ., —HE{ (RO) BEKEL
B3 (DLG) (AFXRBEANKE) . ALHPETELEY (data
field) (B2 0% 8fu#iif) ., RERKKY (CRC field) . Kk
AR —BBRENTEERITHRL., EhZEEMEY (ACK
field) , CHE-MREFHBE-N0RHE (BEE) . REAGH X
ﬁ%%ﬁﬁ:%ﬁﬁﬁ%%ﬁﬁ%%ﬁﬁ%ﬁﬁﬁﬁ“ﬁﬁﬁﬁﬁﬁ
B (HEWR) . E—WHREEBEER (end of frame ) .

-12-



A - e o

B WA B 2 — AN B e (WiE 2 e ) Cintermission )
B EA YA ERNEEHATH RN ENE KT HRS (bus
idle) . & CAN/E i EifmuyiE B S MEEE,

Ak  Endof .
Arbitrabon Field ngwldol Data Field E,g;% Freld Fiald Int  Bus ldle
-« > > I Pl P -> ] €—>

o

11 bit IDENTIFIER TID

RII[R

0| DLG (-8 Bytes 15 bt CRC End of Frame

4 2-3 B BiAE R (CAN2.0A)

2.2.5 B4E A RHL 4

HHAME&RGEAE CAN TR AMNE R, TG Tk &
LR KA. AHITHESLN CAN EE A rPﬁEr’JE«AJ:QZI” T = R A

AL

I a8 (cyclic redundancy check—CRC)

?‘;:ziwﬁft‘r%fﬁ? —WiEEHUEZEFLEAERALEKE
¥, BRI M%’{ﬁ:& TAC By, Y A AR AL 3 {5
HATIG, WRAFERGE RN ™ & CRCHIX.

Wi Az 85 ( frame check )

R AL E A — i R EHHITRE, WEMLEHMEE
NBRE. WREIALELERLHGFE CAN AR AL 44
J{.‘ialﬁ&

ma o7 48 1% ( ACK ervors )

Ean 224 TER, U—WPEFRERERSHANT S0
WEEFBESHEHFATHNE, WEXEFARAERI AL
RERHEEMNERNER., XTREREERY 58
A i i 4E B B4R SR AW Y A

TERLER E CAN 5230 7 % A 8 4545 10 4L 81

B HLHE ( monitoring )

ARAPANGRALMER T W TS RETRLAH. E
BMRRATRERARE R 8 RBEF ER MR L
ANBELSBUROBEZE — . INFAHEEEER
W BB EA RSB RB AR T AN,

L3 7 ( bit stuffing )

F AR EHHEGELE X EHITHR,. CAN By
& EYIEE (NRZ—non return to zero) . R Fix@B4E

-13 -



b R K A e L

LRI BRI &, b LI B SRR AT
B3, BRAEIE S B AR b A5 B 25 e A MOV
ST AR AL, (2R B LA BB T 525 3
BT

WRED —AHE (TUREE P IS E) MR LM
RIT EAMEFTER, CHEAREELE (error Nag) » B YA
WM. XM T AR T 2EEWRIES, Flas ke
BB 5] LR L — B,

WRFEAEEWE LA THEIOE, REF A8 HEHEL L WG
S, ZMNB A E 2 E KiH5K (automatic repeat request) . FH ke
HEFSLERFEF. 4 CAN AT 14518 BAF 72 B2 A A 3tk B
EH AR GTHTELR, EEXEERATAAHAE 31 LA ME
IEESIN=E L &

RE CAN EIT U LFHRSH#E L WAERBNE, YRS PEA
TRAKEFESRNANERE (AEEHREL, HEEEE) i
HE., ERXMNEATERERIAESREHTHRUFEANE L 5
. HiH CAN BXRME T —f BB R 415 Kk A 4512 B AL %) LLE 42
RERGEEENT AN, B4R % (fault confinement ) A%,

SRS AW MAERHAITRY, RV EHEREN G
N —FHBRERX, HhEMTEEF28b T EWEERRER.
WARBT R B, RACHEECHHXE, UWRIEEANEE
o4 L% #47.

2.2.6 CAN th iU By 3B Tt

EREIY, ZRTYFRBEERNAR 524 E5te,
HbeFEARGOKEE BTN, LANANEFRELRANEA
FEPRRI2EAREEMERTEEHE LSS, FEYR>4
Ay AL

WRBEHTEFREEES, RBAAB RN THEEEE, 34
BAARTUSEI, EELR AT RESTRET A E A EY M4
REREWERERGVH I REE. BB RO THESE (RLL
RELE) RABETERGTERE, UL A RRMEN RER
AT TG AL W R, SRR R U B A
S AP RRBREILF LKL, BHETHESBNEAT
S

- 14 -



R R B

R
1=
1q-12
SHT A K ¥ K I
I
\
10 F S-HEKESHE
107'8
10~ 10> 102 10’
TEREZAD
B 24 ZrERsE

KA A BB M EAN BN — M, B8 aysia
HTHE, U ERLBEME. B —bXENKES 80 & 90
o, BARGH S 3 100 AFEHAR, HEEBEY 111000 (&
1000 Bifs B4 1 %) . H4EEMEY 002, HTEHRLEEME
A0, EF BRI T BT CAN M S 85 A2 Em s

2% CAN S &M BB EN IMbits B, THEEHMERLYHH
ZRT. ERERFGEITN 4000 e, WAL AR R SE 2
BEBA ox10°, HRELFEAAGAAARBLENRE (Bo4u
RBEE ) AT 107, WwREBERITHE 8 A, £45 365 Rit¥E, w4
RRL 1000 F M4 180, B 24 HFEHER TFTRALEBMEDRI].

22 7CAN ¥ B R

LRGN TRRSREARRSE, UL -4 CAN
P42 X 2048 F AR #1E BB, EIR{E SAE FERARKEER A
EHEREREE, ABRFANEEE, RRABSHERARCEAx
TREAELIE HHE.

ANERXEFER, CANWBUHIT TR, Bink 20 iR,
X 2OWAF R EAN LR RS (RAMORE) B 88 R (&
RAFAME) AR, Hik CAN il i A B Bk k. bkt i
(CAN2.0A) R¥ Eb (CAN2.0B) . MMk o9 B 5 LA ]

-15.



A g b RO R A i

— B 8% F RS AR AN R UM 94 11 AR IR
Bl ot 5% 4 B R T PR B AT AN A AR E, HAE ST EVMARES
2% AR

R — A CAN 618 T REUE R, B e A AR R 1T 5K
L. ER—A CAN W% Loy 3 ubis sl 5 2 3 FHFArA b & b ¥
B ERBERKBWITENAABEE., HEFTAHHN IR EN o
BRR LHAREWALR, B LR R WA R I T AR, &
Ay KA (Version 2.0B passive ) .

RaomrHEm Ay BEhith 7 iE 2 WRFEAFTY B (IDE—
identifier extension bit) . AW P IDE (TR BMAL, TWEY Kb
VA R A

FrvEm L 2 KL (RTR) HLLZ B R BN, FAUXRTL
ifg B2 & & ABIF RS 5 Bdi w4 K 4B KE R F kA

( SRR—substitute remote request ) , Bh{ & 2 JE M AL DLIRIE Y 2 fo 4R
35 PR GV R A B AT A b B B A SR AR I IR 4 B U 1] 45
A%

# IDEfUZ By B GH0EwUAH, ¥ RBIFA 18 L9457 R4
¥R, ZJ5 & RTRAL.

P Control CRC Ack End of
Arbitration Field Field Data Field Field  Field  Felg 1 oo lde
< P1€ >l P €— > ——>

. R|R|R
11 bit IDENTIFIER T{1|D

MmO

18 bit IDENTIFIER BLG 0-8 Bytes 15 bit CRC End of Frame

mmwn
mpQ—

B 2-5 ¢ Ewitks (CAN2.0B)

ERXMYBEG PR RNAAHERE, IHIHT REih
ANBHSRT U FEPEA GBS HERNREATHME RS,

23 CAN UMy B %

CAN X #HHEEEREX IMbit's, BHEEHEE RO BME
T. ARHS] KEL™ CAN L8 BEHTRME CAN Wk E.
CAN MABEZ—FohEEH, HTHKkEHE CAN S 4 50 CAN £ 4|
7. Bl 2-6 — MR CAN REANFHAKER. 8 -84 aiy
¥o@itmny.

- 16 -



b Xk K F 4 L

AAHE

CaniE H &

O TXd R R

————

I I

D RxD Fef Rs
Caniy ¥ X Ve 1imn|=

Grd |

CANML CANH

T T SR

[:]R‘r CAN X & [:]“T

CANL

B 2-6 1SO 11898 CAN 43 % 4%

-17-



E 7 BN I L e ol i o

AEFEENAKYE SO 11898 FRA T LI M CAN W £ 3 445 &
4. ARAE I1SO 11898 £5H CAN ¥ A NG — M his®| 8 (34
BE) . —/ CAN 48 (I UEHB) 21— CAN KL R, &
REMEEHEATAEANENE L LS (T I1SO 11898 £
M), T EEE A IM bivs,

32 AT EH S FEHAR

LA XHE —FFREN 8B WML F P E AN+ AW %
FlER R AL ERA LA, A At BN~ ERE, wEEA
A AP TR R R R NREH RS, IHEA S A Kokt
AR2ERTE, HE. BRORALFHREEZAARLHREA £
G¥2ToEE, BARAZRETHERKG, BEA4T04
Ao AMHREHFRE. BTG HFERENEARE RS UK
i, REECNRE, FERERAY S5 5k 3 R4,

RAMENEEBFA:

o FHF/HUAGEEHBHEAEREZS

o ANEMBEHREFEGEMIXKEEA

e REFEALHHMINELE. AEHEEZSE

Al AT EHREENEHFELALERRE, dE LI
ElEy R, WAARMEBRRY. 5 RESHE. SHAW ki
EREFAHUTILA:

o WA BEGRG, AyBEEE

o ECANWIERAMNFEATRERE. kb
o BRI R H R I KL #4826

e WEMAESH

o XMERERBURBEH#ITEH

- 18-




G K8k A e

3.3 W& S 3nh & M R i

330 MK ERE

HEBAM 8B WM ERIE R AN ERARN LS E 2 MHEA
FIALR. (CAN B 8) . fEGAN R B (167 4 50 o LU S A %6 25
HERTHEOUE. LAZEE4E T,

o REKE (MEHAH): <30m

o REBKE (MEEHE): <400m

o CAN E45#£- 100k bivs

o RS232IEHFE: 1152k bit/s

e WEFTEE (MEAH) : 74

o EfEHML CAN2.0A

o M FRIREHIHE: 89C52(22.1184MHz)

« TEYLCPU (BFHA) : 80386SX (33MHz)

332 WA &I EH

EEANRR SBHLEREA 74 CAN % &, B EHLE A — M
Bby CAN Vs, B¥ AR M F. BHRN S LM% Sa
FEERR. EHUHA. BEELE. B3 BFTREY Syns
SHE.

57 4 L

LIMEI RN

Ch

B 3-1 B 43 h 4y



ik oJr % i K S 4 it K

Wi 32 PR A E s YR E b RAFEETER B Philips 28
A 7F 0y PCA82C250[7]8 PCA82C251[8)FF LAy, B EATER
BHEEBERE Philips 28 S UUEH B E RS R SIAL000 BT st
B, ZEFTIMEIHBIRPLRE L EMEE.

DA 4 1% 40 0 A7 3 2 B RB 0 o R SR I

3SMEE

350 KA ME

82C250 j& Philips 2 & 4 = H &k CAN YLK 5B, TRMHE T 1k
WER BB AN EE, AP RE £ 8 &A%
(744 1SO11898) , #EH TEik IM bivs hss R, B S LYy
FENEAEFMN (HH[7)8]) . £3-1 AHE T L.

3

TXD

R BERN

GND 2 1, 5

Vee 3 B

RXD 4 A

Vref 5 AW

CANL |6 | CANfi# 8\ /3%
CANH |7 CANFE W T4 N/

Rs 8 A 4 ) A
#3-1 82C250% B & X
3.5.2 e

FEATE Y 82C250 LT CAN Wil B9 BE 2 b BB Ak 4
TENR, ERET MU S B oy EE S s Es, KE4
RACENA R KW RS, HBEHEETHR IM bit/s. A8 3¢
CAN RERBTZD F XNBREELEE S, 3 CAN & mE@T
EGHAAREZERE S, TASE1SO 11819 4.

BERATRAET 160°C M FAME S KB E L4 Moy b &4
T, BABRNME SRR BRLCHERRY T EREDS, X

=721 -



A R b ka4 it X

HX RO A AL, Wk SRR BB, Il 4 R b
Uik, SRAREMERETEL EER i EE AR, EER
TR T AR A,

CEAFSEFERFETHRA LB A EFAL, CANH 4
CANL e MR M REHR T & FRP 8.

#1345

FH 8 (Rs) RYUTZMAMAE N THMA: HEEA. &
BAEH AR & A

R P R AR Z R LR ke B A B & A
FICLRILE W oy b T4 i . M R T AT B
MEGRKRARBUETHREEE. R RAH 8 ¢
B 2 b BV

HETRMABREERERRENE KT, Sy
BATUERERER TRLRE RN EE., EERMBRT
AL 2o T AR AR Y xd b A e TR AT 4
W, BHTREW 8 A—wmB 5, NS 8 Mk
SR80 A0 E NN

SEEM 8 - AEE TR, gb A SRR
ABA., EREXTRABER X, #REBHE Y
MRS, EXHOREIE —ABMG (BLEbER
13 0.9 fR) RXD G RIf 463 4 T, 70 80 0 0 Tl
WIBNZENRR, BB 8 &ML Bt g
N. EBALHBZBLTEAER, FEkaing -1 s
ERMEX.

EXBEPRRBERR ML R,

3.53CAN X &4

%%%%ﬁﬁﬁ%ﬁ#%ﬁ%%%ﬁ%ﬁﬁﬁﬁ\@ﬁ%ﬁﬁ
TURRMEMATALZARKBE L EWIES., HATHE CAN ¥ 4
%%K%EE&M%%%%%&%Tﬂéﬁﬁﬁﬁu&ﬁ%%ﬁ%
¢ﬁ#%%ﬂuﬁiﬁﬁﬁ(ﬁsﬁaﬁﬁ)&%ﬂ%ﬁﬁﬁ%ﬁ%
{ >100k bit/s) .

CAN# U 4 IDCIO4F B4 3L, HA2 5% 4 L& 32,

#al V| 2|3 | als e | 7|81 9]0
fgg % CANLGND| 5 | GND(CANH 2t |45V | 5

-2



& i kM4 L

7z 3-2 CAN Mg dE Ay By

3.6 MEHEE

361 KFRE

SJIA1000 % Philips 22 & 4 & #9 4 7 X CAN =% 8, 7 X
CAN 2.0A % CAN 2.0B #iX.

SJA1000 A ¥ ff 38 16 4
BasicCAN 8 R.: 3 CAN 2.0A ##1X
PeliCAN #£3\: X CAN 2.0B i}l

AN LG ZEHNa#8 XA BasicCAN R, X2 A
B ER R, R, KIE % 3F PeliCAN 4 K.

3. 6.2 (M
K 3-3 & SJA1000 & HE .
ﬁﬂ;fﬂ'ﬁ” SJA1000 —
BUEE — AN
1(89c52)*<3==°1 Big [ ﬁlﬁzﬁi ¥ == Ejf}% }
3 — 20B [
> ER | [BET|
> <~ FIFO =

&l 3-3 SJA1000 4545 B
MBS AT ULH B CAN BOHAARE CAN Wil xt F e 8
BOEHEZHERABHB R EE (89C52) 2. &
WA/ BEEF S LT SIAI000 HEFERTHBENEES %
WEEHMZRLIFL KRS, £ PCAS2C200 B4 8y BasicCAN

A b, REHBARIT PeliCAN ek, BRAAZSR W 5>
MAXHHSHFLR,

AEFBOLRZEH BTG — AN TEE CAN £ Bb (¥ R
BIEA) . —EFHHBWHENT —AEREMES, BUFEHRY
Ja 3 CAN BSR4 b R ey MR AT, 4.

PR SR, CAN BoGHI8 & 77 38 8 300 AT ],
R UL, RE L THRBERHRLE SIA1000 Hk i 2
ERFEROEREAELHE.
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e 7 &l KRR 4t

It 8 W SRR 0918 BB £ FIFO P, R
XAF M FIFO FI 478 AR BAE, &% 32 Wifs B 46 Fih, X
MR r TUE T B AR LTS, FHEREMLE T
fie P KK § K.

AT AL S P2 ) 28 B 7 F MU 42, SJIA1000 45 (% T Midk/ %38
ERMELRRMANE/TEEE 5. Az T4 445 % 8 &
SJA1000 5518 % FHuhb Bk 3 7R 4P SR 8 E iy /O i &,

# WL PR

SIA1000 /1 —AMA P THBENER R, Araades
DM XTI R E B RERITRE, AR RE L XHE
B HEMAE, EXEEFLENER FIFO, EFA# A# e
wlgg, Hbhdmd Tir2 EHME 0T,

ShA O R AR SRR A 1K A At R R E T T R A Y (6.
PR BIHERH b5 SRR FEGEHITILE., g
W& EFFBRMNEX TAF RS I B EE LB o M L4 (0=41
Ko I=FMX) . B-MEEBER, BFAMEMLTR S R4
BB A B B E AR xR

BasicCAN # AL #d #E 4 &

WO IR R WA 8 I F B —BRRDEFE (ACR)
BB RETE (AMR) —Fiishl. kB %A A 1S B 240
e 8 U RAMUB X LT FROEATUE (FLTH) . W
BUE R ALAE ] B9 15 R B 0

1) -

ERAREBEFHFE (ACR) & (msb) 11010010

BEWRREKEHEE (AMR) {4 00111000

HATIX 1 {CAR R 0918 Bag s il 1 1xxx010xxx
3INMRE

3AIXEWBNEFERES

ABEFHMABIGERE S 89C52 S ML LG . &
CAN £#| B H &% PC (EAFE S PCHYANE TR, FAEET
VFEGEE, HESHEEFRRESRALEINEGS) .

AENETEMLSA:

_94 .




b R K 4 X

o W4 CAN 54| =

o BiE CAN LBz A

o X CAN BB A® 41k H 81 Bt AT R
o I BICS2H P/ AHABE MK

o I TtEuAE

o AIIAFHE RS2324 10 5 PC 4

32 BEEZHRERE
89c¢52
" S A e 7
0 ‘_Jfl??&?é‘.{ %C*%ﬁgﬁj Wﬂ:
—FEERE R

B 3-4 BEE A REE

TP LERE 89C52 ML FHE, RRHWREBLSH 4
MRS A 2w K. KI5 EHHEL CAN 248 (SJA1000) 3H#
NEFEZTHE.

EAH B 89C52 sb izt CAN £ H| B K PC HME/HALED,
fEdm N, HbARAERARBARNERREL TR, A
WE R E X E4AHE:

o EHAA NELUEN (PC) FitkktidA
o SMEMIR: 89CS2 Xt X M. Aty i R 4B

o EMNBE: AEEHEN (PC) Pis ey HHEd CAN
1 ] B BT B2 09 34

o HMEAEAE: K CAN %I BE W HAE 24 5 ML b KB
IRYEIX B & o KAE B LA 3-4,
3.7.3 RS232 £ ¢

ATE o RS232E U R DBO AL AL, 5 PCHy COM DA#E, H
& & X W& 3-3.
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AL il K A i X

rH

I

2

3

4

¥

DCD

RXD

TXD

DTR

GND

DSR

RTS

CTX

Rl

F 3-3RS232# 1015 B % X




AARROGEERE, RAE5 2 MBS N K MR %0 IEH 0 H
HREZVLARYANERNALR TS AR, AEZEPAY
NERFPEBAHMRPEA S FEAL AN EERREEEE Y,
AERTPHANBRERGRM A B, RENF E it bW 4w
ERMAEE,

4.2 MABRENFTENRE

W5 B E T H B S A0 AN B4R it & S B R K
B, PARLERIERSEMETAME, i BEE RGN
XERAHH. BHMEETHNEEREA:

. REKEREHHER
2. RENIKE
3. R&LYANE
4. LBt 58K
5
6

s RER
AR E R A E &

ERERLSH N REHTEANY, LELLLTRNE. &
ARFRRATEBER RS LEHEP AR 5 THATHE. £ 6
BUH R EAR X2 5.

I3BARGKERRERAY 5K

CAN PS8y A 2 B S AR L3R bl iX b4y 79
RET R E .

1.Eﬁ(%&%)&%ﬁ“ﬂNﬁﬂ%u%N%ﬁ%%)%
1% Jk, B9 IR B HE AR

2. TARNBESRAZRNFRY S MEEHBOLEAF
H.



AL T Rl KO E b At L

3. BLE K TR B B R LR 3 A E Y LT
.

ARG dEE 3 ke ®m, HE 1R 2 ERNY
e AR 4.4 TR HATIE R

EHM 8B WHHLEAMELKERAF 30 X, TEHREFH 7
N AhEEHREAKENER, A THN T FE A+ %
FRAENELEKE,

f£ ISO 11898[1|F R &R St E X A B - 4THE, F
3% R 25 A oA RS 3% R B /b

C RS TREET Ao R R b b 5 A ROk
RGN, E-NEM AR A AYE, £AT AN
HWZRERHEI B, FEdd, YR aE L AN, £
PO ZARE R A,

FEHAET AN RHEEZFRERATUTEE (58 E 4-
1) :

o REVAMBHLEEFHIETE (Viagou)
e HWFAMNMNEM (R

Rw CANH

——
| S

Reiff Vdiff.in Rt
Rw CANL

1 A A A
Rt:%ﬁﬁt@'fﬁml, e it AR A

R,: F. 45 & [H
REE 41 BRFTENEZSRNEETH TEAR .
Vdiffout = Vdiffin +2% Rw * Iw (1)

_ Vdiffout Rdiff *Rt
2Rw Rdiff + Rt
(Vdittin>1.0V, Vdirout=1.5V, Rasr>20kQ, Ri=124Q)

Vdiff.out

Iw

(2)

1, 45 : 1SO 11898(automotive) 0.25mm? p=700/km

R (1) R (2) XTBEEKEH:
L.<442m

-28 .



7 i Kb L

ERERAPEEKE R 400 X (ERAFBEEATAHT 100
k), EILTU#RLAKEE R,

4.3 U % B S ¥

ERZWGAT CAN th 4 B 5 o e 7 bR IE % o 5 3B B
ATAl, AR ERMBRGTE ST/ £ —A 45 15 B,

R EME W EE AR EAAUL LS E TR ZERE, &
EREANAE YR BTRERR S E PR A HARHE T
Ao A TRMBRBEN DT EFREET CAN 112 M 75k 4
HBH T AR,

ATHEAFLZANETE CAN BE{IEHS K (EE#
Wiz B HHB18]) , TMRANE CAN gt v, 4B UREE
Z R HA X EE.

4.3.1 CAN i34 5€ Bt

CAN P X #309 BOAF R BB AR )™, M Sk bit/s 2] 1000k bit/s. H 4
CAN ¥ i i HHE O WA AAR (B¥E - NERLARS
w) . RURGREBNENAN () b ¥A—F£2R. &4
CAN T AM T UL AL T M S AT RE, ELHLEES-A%F
B X

i CANE X 4o W

s NN AAAAAAAA A IAA S, |

prop_seg phase_seql phase_seg2
sync_seg

K 4-2 CAN 1 £ 1

REAKGRRGBONBETEL Y, MEEFE, &
ERBHnEd, MHELQRABPET, Bk 45 e &8
EZRE—-ZTMHEEZ AR CAN R LA NE R F
( resynchronizing ) 3 343 it 3 77 % 3h.

RE CAN #Hil, —1L CAN 2 B H R WA T4 ( segment )
(ZIE 4-2), BRI $ B ( synchronization segment ) . 15 3% B ] B¢
( propagation time segment) . %3 M B | ( phase buffer segment 1)
AZ M B 2 (phase buffer segment 27) . XM P EANHME T4
EonEE (20%41) . 3 B (6] B O B /N B k2 o B Y B
ElRfL () o MBI T CAN 241K 8 Z 4 5 & (fsys) K4+

BEM (BRP) : t=BRP/f,,. B f,~f_.

-929.



S AR I - T ol

y ST gy gl i ,.?jw%‘:féfsx;(?{_?:u} 4,?‘ I e SRS LELE
T gt el - Tt g0 TR R R P P R :
) TR A § e - %,&% gi LR e *-i-:(; i R Fo ot .
K PSSR LI E L IS T L R T e R e R T fogE : TN . .
L H e . ' . > A e I x i H o AT
p com T e MR T T R RN 50 AN e s .{gso-g-m-_ig-{gf 14 TR T .
Aere ot v T DEEERE S S R SR R by 3;; a e .

BRP (32)|% Ui, kK&
Sync Seg (DE X K/E, %2 %M 5L EMANRE
Prop_Seg (<8)[3 3141 18 1 A 1
Phase_Seg!(<8) 7 6] 3 i 42 & 7] f Bm
Phase_Seg2(<8)|7x [f] & i 42 b 7T b 45 kg
SIW (<4)E & Bkt & p

F4-1: CAN{LE Bt % ¥

A & B (Sync_Seg) & —4fICAN{E B CANZ & b o T & 4 Bk
Fymt ) R B SR 4 CAN T Bk A8 ) £7 0k Bk AE 4 Bk T B
RS |

t& #& ot 6l B ( Prop_Seg ) 2 J & WAMCANW % - 4 B nd Ja] %€ 3R
. RURHBEUEESAENE LERFEENER, haEAY
5 PR B E AR B ],

Zyw Wil (Phase Segl ) fofZ s M B2 ( Phase Seg2) K & % Bk
WRE (SIW) RARKNEXBRARSBRLEFERBHER. &
SHARML TN EN R TRENESBHELLARY. AR
BEZPNBTREKRGE, B AR ER L RERRR S
SREABENEE. EEIRBAY (1) BHELEMLBHTR
¥ ﬁﬂ%ﬁ:ﬁ?ﬁﬁ?ﬁ;ﬁﬁq’ﬁﬂ%ﬂ%'ﬁﬁ)ﬁﬂﬁ?ﬁﬁ%’%ﬁiﬁﬁn
WRERSBREAEGESHETRBNE AR $ 1L, TR RE S F P &
ERRAMBEER. EREERSBWEARY A M BREE, TN
A ik,

432 X HE

3k 3 B 1R 2 7% Bl (Oscillator Tolerance Range)

ECANHA T BN T AR R BRAUNKRGBRERBE LT
Ry, AT REEAE, B hBEL L EERPRERMN S
R (fo) SRR REEGH —ERE. g LEENHEf
FPEMBEERIIRGBIRE, TUUAAMEER.

EARWNAGYTURATE =4 5204, 7 o 3% 5
Ry (A<01%) —KF B h B2 RH WH#k—folERG A
(Af<1.2%) .

e % ¥R (Propagation delay )

- 30 -



ALy A F AR A 4f L

FECANE R RGP 3% BB A% 4 5 &0 BT #HAT EB M
R, BAFMANE, HhEREREFEE, Y2 Y RERK
REGEEAF PG L A, BAF AR Ea LR TR S8,
FHEHEREFHEARGMNE. £ - FHREER TEMEHHER
HRBCANMZEMKE, EFEACANY SAEBHEFFE ( HCANEK 4
. CANRABEEAE/AN) BRHEMRAABBHER, AFYE
tom(A.B AN,

E14 7] LU X CANY S BRIANE Rt opa. BEEHRTEAY
MREMAE RN toorp(A.By T tporp(B.A)»

AARRGPEEHERFTFES 4L THRP BT, b A & 5K H B
PIT A CAN S 4T T A fRYP, IR RS THE Hfois
P, B R T — BB ER, 2 FER WK LI R B T UL B A
£ 100k bit/sHy {5 #F E k|

4.4 BEHE
4.4.1 BE3E

AMERAZEBE S EAR TGN REE R, E5ERE N
ZRAFHEHMEAR., KEE. 2RAEHUREERMTE.

ERERBRM (CAN) REE —HEHEE, MAX, 2 IAaEH
BITRARR, AARENEELLN, EEESTLHES. RS
By R AR M R H B3k IM bit/sBICANF £ B ST BBy, {Eix R 2
W—DNCANT ST UE I A MM F S K2 MR (125KEY) &
B, BARCANBEW PRELABHME. B#ip. 2%, K%
Y. MEFFELN., EEFRAATHCANESIRE L ERERE
HRENHFE G LAE RS S, KB EHRERTECANLE S A
B A E LRy

ARPAXF BN E N E, BF XU TEE:

. AR (AR ) : AR IR & oHE et 2, 24
{2 /%)

. RAERAMBELR IR, KECANER I, 1R
R RMERE, B T/,

. FERREHRE RO R AARBBARESR: LHHF
RIBARAREERARAERBEE, B0 5%/
.

HHEBRGEXR:

-31 -



Ao oy ol KOF Rt e L

I ZGHWATE, AYERHLET S, BYARAEKY
&

2. BY SLLEAMRMEE HTEK, WAL AREMERSF
4%,
3. AT A URBREEHITLEE, PREANLZHENMREX
HIF R AR AR W] AR LR S KR P
A7
MEFETE, BERT AT
. i s (TRANSMITTER ) @ —AMz BB K £ ¥ 70
2 A EBREETE, WY AERSTHRERMNHE
M—HEMAERET A
. WY & (RECEIVER) : ¥ —ANYALRZRAKET LA, M
p 4 A S 2 R B AR BT A

4.4.2 CAN ¥k 38 i £ 4
PR

FEBMEBREANGHAKS: B4 (SOF) . P # 3F
( arbitration field ) . ¥ #3% (contro! field) . # 1B 3% (data field )
(4 0% S{uskiE) . RK3H (CRC field) . MEH (ACK field)
Fobi &5 % 3% (end of frame ) .

Arbitration Fleid Cﬁ'“e';’d"' Data Field ,E‘:{é Ak Eggl of int Buslde
P >I+ e —»| < el —>lol «——>
§ 11 bit IDENTIFIER E E:E} E DLG 0-8 Bytes 15 bit CRC End of Frame
& 4-3 A 24y
o EHL (SOF): FEFE-—WREAITSE, d-DNEBMA
FI7 41 Bk .

o fEHNF (arbitration field ) 4 1EF R (identifier) foin 2
g k4L (RTR) .

FRR4E (identifier) -1 11 fUH B, X EHLE KA
(ID10—ID0)

wHEERM (RTR) : AREGP AN B/, £aE
il g R

o  FHAF (control field) . BN AR, BEHFELKER
( data length code ) Fo# (L {& 8 1.
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= BT I 4 1 R i 1O 4

o  HFEL (data field) 8.4 05| 8 FTHELXNBIE, &
{7 L RURALTE S5 .

o K% (CRC field) 84 CRC HHAERBIFFH (15
fiL) fo—" CRC M4 (B —JadAr) .

o WEL (ACK field) : 2 i, A3 L EE B | {15
% 1 .

o  WEHRKL (end of frame ) : W T NE LA AT BT A
FREH N ERAR W T AR Wy 5 K

7 En

TRWEEC N HHARS, ©5EM R ELT LN @45

A~ 8] -
Arbitration Field C?gll:gol Data Fietd IEEI{E:I ,f;lié Elgglgf Int Bus Idle
R 1 — —M « PP — i —>
5 ST o R R| R _
0|11 bit IDENTIFIER R|D 18 bit IDENTIFIER| T| 1] 0| DLG (-8 Bytes 15 bit CRC End of Frame
F R
RIE

B 4-4 97 B Wi #

o fP#H A (arbitration field ) . HEATEW T RIE 1| {TkrE4g
(identifier ) finf2 & K{r (RTR) . EF BWi 43 29
L AR AFF (identifier) . # KM # KL (SRR) . IDE {3
foim #2165 K4 (RTR) .

B 6] 5 [E]
H0 U8 o 37 A2 T2 R R 1R D SR A TR I 2 e
Bt ez,
*  HUBEEZANRBA. ERYESLE L AKEN SRR
bl RALEENTLBEES
¢ KSAZHREFNBYZE. EhMEYEL T ME,
AR EXAREN T ENTUFBL L RIE, ok

MEIZE—NEUANEANAFES - BEEWNFLL (i
J& %5—SOF) .

4.4.3 LI 45 74

EBBEFBREE. HRF. £HE. REFGRREZH
AR T R RTREE. FU-AKEYERWE 5 {0
5] By 53 A B 44 AR S AL SRR P B B N — A R

ERENAEM ARG FREEHR, THTREE.
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b £l K FmE

BT AT ER (Non-Return-to-Zero ) 4T 455y, Y
TEREMINKENELR M4, Eo 2R m. Hik 1 Mo
5 AR ILRE 64 10, RBAIE(8 8147, M biwija e 310t 84
fii. & CAN E&MBAFERN M, | PRTERLHETH M, FEK
WALH T61.9K L, B ATE 47 SO IBAE ik = 2 95238 F 4 /8.

444 X A BB RELRAER
Y2, b

WEFFED B E X, BB R L ARELE 6411, &
B 8L, Jp LWiEl =6 3423k 8417, % CAN 4 a)ykass
IM, | R EERA N IM, HREBAEY 7619K {7, BHEAH -
WH RBAE LWL RRE 905238 FH/#,

7 W

CAN ¥ Ebl 9 fh 835 0 29 (0 BABAF R A4 T 11 45 83EA 2
By, FEMNER AR KA A0SR AR R, BAMEM KT S 99

(fm 3 Lot sid ) , MUEFAE LA RKEERERD 76923 ¥
HIFD,

10 X % 75

RE CAN HX, UbiBHE. FRFEHFREG L HE 4
B S MRELHZATEE SN | ATER. £ MHER TR
WAy R EAE AR KT AT A, H AT AR i
RGN 81633 FH /B0 65041 £3/%,
445 BB CAN ML B BEH R AR ARELRIF

EXREARATHEE TR ELNAN, AL HEGT®
wEWMEEEEXATE.

FEUTHIHNEx 41,1 FHHEHHER CAN ISR R L
RATHE, HEBARXEREFN . BT,

. A5 B K3 CANSFT8E, FH bw.

2. XA BYWAE#TWEA.

3. A ABERR KBTS, DR AR
K3

4. RABTFTTFREX CAN B % b —WisB #7830,
5. WREPTHR BN B T B g
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AR 7 T

L

:A1‘](;m $00mvolt 20us

T ok

M)

W 4-5 - WIATR KR (RS

T 7 .E-.b.f..&‘kg::.

R
-

10GH 1o 500 Vil Fopsi .

©K 753y

1687he )

Bl 4-6 —iiy BOithE 2 M (Fix
B 457 4-6 R T & IMBEBEET —Mrg WA —4 8 &b
REHPHE., ZHFEABAE 1M AT R T AR WA Y R 9 1 4 18]
SR A 133ps B9 163ps, AR B AAFREEE S5 Y 60150 Fy

/%50 49080 F ¥ /5.

446 HE CANR R AN BB EF

BL 90 IR CAN M&FSd XA R RE RSB 5

M)

FRERXFELNHEHRAEESPNETEAG AR,

BAELARYEEBEERHE CAN R ERNE ALK 3
AIAFRRERDT
EW R CAN #4| B I
TRAYE, UIAAAREHENTN. SKLHAERE, Bibe

E.E—ANRRPET Y EE 0 L% RIS
RARRTE, WEhYEMBLERE, &
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Ab Sy Rl ok A il L

CAN 7 45 5 X T8 0 BB A 1 W 3 8 O/ 240 T fi 3k B A i
R IR,

- AMEEZET (AERTBHASE) SHELT RFH
HEMERGEHR, - AHRRHEETAESREINENENGET
A AEHEHRTENRESS, TEEFEAENERAR. &
¥ S E e EREE R R A MR AARER R AR EN
Bk KB R,

A2 BB THEANTEEBETUARRREZTHEMELEK
B, TAZFE IO SEFE. (E4KE A% CIACAN in
Automation}102 k-4 )

{42 Bt {7 AR & o i b B A 1

HEE {0 ] TO00K [ 500K [ 250K [ 125K | TOUK
g FOCAN 2.04) USI3¥ (47619 | 23800 | 1.905 | 0524
(P8

Aty EALCAN 204 Wl 60750 [ 32786 | (7241 | 8830 | 7035
(4 #i?) S

SR SRCAN 2.0B) I 76923 | S8A61 | 19231 [ 9615 | 7602
(¥ i) ;

| 97N 2l08) ) I 49080 | 27397 | 14120 | 7229 | 5761
(R N il '

e L L U T

-36-
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FWAXEZENMRAGHREENT SRR -
AP R, AT EREFERINNLAHARTLHNBEDGE., B
ERR=ZFERGAET LA G@EHE, TMNE2TEALGAH
(initCanCmd ) , & & #{E 4 4 (sendDataCmd ) Fo3E 4k ¥ 3Eml
( receDataAck ) .

ABENGHETPABRAT S ERMEARZMER PC HLE
ERGBRF. LRNEANKXKGRZA 8051 LHIESZHTSH, PC H
RERAEFEF CIETREH.

TEARZEPE X SRR, SBFERELEENE
FHITN4.
5.1.1 RS232 H E Wi X

PC SM Tz MMEER T RS232 B 0 34TH., HENES
DLl e 8. & — DI a LU 4 = AN 3F:

o BWEH: HE-ARBEOAE. AEEANBERERE
BAGHUNAEZEXENTAK. EAEZENE K
APRYT —MHEN, EARAMELE, BRA RS232 &
T CTX X DTRAZ S4B 2 4.

o KUEKEY: ADEHEER 1 FVHRELEY, fFtH
BB KT, FARERNRKRKE N 1653,

o R¥EW: HEFEHEKEHZE, 3 05 154 0TS FHa
i,

EABEFEE PC KM kHMBYILRY S50, 4 hH
KX AE PC 8y 3B Wi R4 #9740 B,

S2HNARERA

AP RHERPRAF IR GBEELEGAEY. &
ARKEZM 8051 LHRIEZF 4 E H B flash ROM =

5.2.1 REHHEH#
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by & @ kG H A L

A PAMEETH B KRR F & 5-1,

232CAN.ASM A £ %

ACK.ASM ] B AT F5 R XX

BASICCAN.ASM | BasicCAN # £ (CAN2.0 A) 1 £ & XX &

PELICAN.ASM | PeliCAN # R (CAN2.0 B) {14 & X ¢

RAM.INC 89C52 RAM M bl & X 30

CAN_REG.NC | SJA1000 &5 B Hu bk 5 X x4

COMMAND.INC | 232-CAN 44 & " Fi & X X 4%

CRYS16.INC 16M Hz @ Rk {% € B ( BTR ) & X X f*
CRYS24.INC 2dM Hz B IR =8 (BTR) & X X4
5.2.2 B4 N

AR RETH A AGHISREXLF T XY EE. TH
RAEFHL, HELInT.

ERUERRY -MEENEFEFRGLLR — MM
WL, XEMSHENERF. SXUBFARNBTRBERZ 4 FE
ERATHEFENMEXTRARBERTUEEWH, KT
A FA B T4 R AT R B A0 R BRI

5 PC MM FRE N4 % MEFEHIT U RE G4
MPRE. EURBRIHAS S LAGA DT SA R — T T
fE.

ARENESRF R — LA E B A — L4 B 3 b 1r
%, AMERRR, ZHR FHFHL. EXTE+FLTHELETFH

ARANEFALINS, THR LR TUERB I ENE LS &
iR B (L B

PTAT W3R 2AT 55 T T A 40 o AR M T 31 30 Bk 1 0 R 3247
Plan 8T OBNFHEHL L EHRE AR AES. BEr2
B —MRAOGERE—FBRFES (ISR) RAE ., T8RS E
FFRRIBTA N e Mom s, R R 04 B b iy

.38 -




b &l oK F A bt K

B4 AR AR A RO AL e, T4 & R AR OB O AR A v A

KA.

5.2.3 £ % el #i {5

AR F B BRI Z LR, AR HERAHE,
X4 B EAR M THE, AARTE PRRT LU LA 5 1858

1& 7 i

HEHF, Bt
15 BEHK, A48 KERE LT

b KA &, T4 2 EadE, #ATH L& ALR S

T4k,

524 T EHE K
AMEPFEMLSHE

1.
2.

8.

PCHEREREHF: HUNAPCEREAXNIEHEH 5,

PC # 4 &HFEESH: HiFA PC K ARG A H 8 ot 5 th
1% .

PCHRAMMHES: *x PCREXHGAHHITHR.
MBS R FHTWE.
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Hinclude <dos.h>
#include <conio.h>
#include <stdio.h>

void sendCommand(unsigned char{}):

void main(void)
{
unsigned int receDataf 16];
unsigned char i=0,j=0;
unsigned char msr;
unsigned char getVersion[]={2,0x03}:
for(j=0;j<16;j++) receData[j}=0;

/* initialize COM 1 */
clrscr();
outportb(0x3fb,0x80);
outportb(0x318,0x0c¢);
outportb(0x319,0x00);
outportb(0x3{b,0x03);
outportb(0x39,0x0);
outportb(0x3fc,0x00);
receData[i]=inportb(0x3{8);
receDatali]=inportb(0x3f8):

sendCommand(getVersion);

/* receive data */
while(!(kbhit(}))

/*send command function */

/* RX data buffer */

/* get version command  */

/* set baud rate */
/* 9600 bps */
/* set mode */
/* disable interrupt */
/* initialize RTS pin */

/* clear RX buffer (COMI) */

/* send the command */

/* detect start of frame */

receData[i}=inportb(0x318);/* receive data */

{
msr=inportb{0x3 fe);
1f((msr&0x01!=0)& & (msr&0x 10)==0)
{
1=0:
printf("\n");
}
if({(inportb(0x3fd)&0x01)==1)
{
cprintf("%c", receData[i});
I++;
if(i>=16) 1=0;
}
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void sendCommand(unsigned char* command)

{

unsigned char 1; -
outportb(0x3fc,0x03); /* send start of frame *f
outportb(0x3fc,0x00);

outportb(0x3fc,0x03):

for(i=0;i<commandf0];i++) /* send data */
{

while((inportb(0x3fd)&0x20)==0) {}

outportb(0x38,command[i]);

'

i1
I

AREFTITRBURARS 636, a4 bing e 3 h:

unsigned char getVersionf]={2,0x03};
BT ART R, W-REE R A
> wNJU200 Verl.20

WwEENEREFEAME, THLT 440
unsigned char readReg|]={3,0x04,23;

A W] SE L BUE A7 B8 2 M4E.

e | 2CAN ¥ & g RRX A2 )F

#include <stdlib.h>
#include <stdio.h>
#include <conio.h>
#include <io.h>
#include <dos.h>

void int_ok(void);

void int_end(void);

void interrupt (*old_int4)(void): /* old interrupt vector */
void interrupt new_int4(void); /* new interrupt vector  */
vold init_232(void);

void x_sound(int xx,int yy);

void sendCommand(unsigned char{]): /* send command function */
unsigned char data_get[300]; /* receive data buffer */
unsigned int count = 0; /* receive buffer pointer */
unsigned int PORT = 0X3F8; unsigned char IRQ4 = 0x0c;
unsigned char LSB = 0x30; unsigned char MSB = 0x00;
unsigned char rs232baudrate[]={3,0x01,4}: /* initialize RS232 */

vold main{void)
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{

select™);

char ch; int ij;

unsigned char intCan b{]={12,0x21,0x00,0x00,0x00,0x00,0x{T.
Ox 11, 0xff,0xff,0x00,0x 1c};
unsigned char seltTest_b[]={7,0x26,2,5,0,1.1}; /* self test command

clrscr();

gotoxy(7,18). cprintf("1 - COMI:3F8H, 2 - COM2:2F8H press<1,2> to

ch = getch();

switch(ch)

{
1

/* initialize CAN controller

case’!’ : PORT = Ox318:1RQ4 = 0x0c; break:
casc 2’ . PORT = 0x2{8:IRQ4 = 0x0b: break;

defauit : break;
}

clrscr();

gotoxy(7,18); cprintf("0 - 115200 1 - 57600 2 -38400 3 -19200"):

gotoxy(7,19): cprintf("4 - 9600

5-4800 6-2400 7-1200");

gotoxy(7,21); cprintf{"Please select. Default: 9600");

ch = getch();
switch{ch)
{

case '0' : LSB=0x01; MSB=0x00; rs232baudrate[2]=0; break;
case '1' : LSB=0x02; MSB=0x00; rs232baudrate[2]=1; break;

case 2" : LSB=0x03: MSB=0x00; rs232baudrate[2]=2; break;

¥

case '3' : LSB=0x06; MSB=0x00; rs232baudrate[2]=3; break;
case ‘4’ : LSB=0x0c; MSB=0x00; rs232baudrate[2]=4; break;
case '5' : LSB=0x18; MSB=0x00; rs232baudrate[2]=5; break:
case '6' : LSB=0x30; MSB=0x00; rs232baudrate[2]=6; break;
case 7' : LSB=0x60; MSB=0x00; rs232baudrate[2]=7; break:

default :break;
}
disable();
clrscr();
delay(100);
init 232();
old_int4 = getvect(IRQ4);
setvect{IRQ4, new_intd);
int_ok();
sendCommand(initCan b);
delay(100);
sendCommand(selfTest b);
while(ch!=27)
{
delay(2000);
if{count!=0}
{

printf("\n Receve:");

/* initialize RS232

/* save old interrupt vector
/* set new interrupt vector
/* enable interrupt

/* initialize CAN controller

/* go to self-test mode
/* press ESC to return to DOS

_60 -
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for(j=1:)j<count;jt+)
cprintf{"%3x",data_get[1]):
count=0:
!
tf(kbhit())
ch—getch();
else ch="k";
}
int_end(}:
setvect(IRQ4, old int4):
}
vold int ok{void)
t
int da;
outportb((x20,0x20);
da=inporth({0x21);
da &= 0x80:
outportb(0x21,da);
enable();
}
void int_end(void)
{
int dat;
dat=inportb(0x21};
dat |= 0x10;
outportb{0x21,dat);
outportb{0x20,0x20);
disable();
}

void x_sound(int xx,int yy)

{

sound{xx);

delay(yy),
nosound();

}

void init_232(void)

¢
outportb(PORT+3,0x80); /* set baud rate 9600 */
outportb{(PORT+0,0x0c); /* LSB */
outportb(PORT+1,0x00); * MSB */
outportb(PORT+3,0x03);  /* 8-data,l-stop,no-p */
outportb(PORT+4,0x0f); * -RTS =1 */
outportb(PORT+1,0x09); /* enable receive,modem interrupt */
sendCommand(rs232baudrate);

delay(60);

outportb{ PORT+3,0x80);  /* set baud rate ¥/
outportb{ PORT+0,LSB): /* LSB Oc is 9600,30 is 2400 L.T.B */
outportb(PORT+1,MSB): /* MSB */
outportb(PORT+3,0x03): /* 8-data, l-stop,no-p */

-61 -
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outportb(PORT+4,0x00): /¥ -RTS = | */
outportb( PORT+1,0x09); /* enable recelve,modem interrupt ¥/

i
§

vold tnterrupt new intd(void)

i
i

unsigned char itr,msr;
disable();
msr=nportb{ PORT+6); /* frame header inforimation */

H{(msr&0x01'=0)& & (msr&0x 10)==0)
{

count++; /* detect start of frame */
data_get]count]=0;
y
countt +;
ur = inportb{ PORT+2) & 0x07: /* interrupt [D. register */
switch(iir)
!
case Ox04; /* reccive data */
H{(inportb(PORT+5) & Oxle) == 0x00)
{

data_get[count]=inportb(PORT):
; /* no crror */
else
{

inportb{(PORT);

x_sound(100,10); x_sound(1000,10);
data_getfcount] = Oxff:

h

break;

}

outportb(0x20,0x20);

enable();

]

void sendCommand(unsigned char* command)

{

unsigned char i;

outportb(PORT+4,0x0f); /* send start of frame */
outportb(PORT+4,0x0c¢):
outportb(PORT+4,0x0f);

for(1=0;1<command{0];i++)
{
while((inportb(0x3£d)&0x20)==0) {}
outportb(0x3f8,command(i]):
} }
AP CAN B4 B A CAN 2.0B 42K 3 & £ A% &

. R ESCHTHE DOS. RG4S 8T L H-
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unsigned char selfTest b|]={7.0x26.2.5.0.1.1};  /* sclftest command */
B = % b 7 g 7 4
72825011
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Realization of the CAN Bus
Communications System on DF8B
Locomotives

NI Xiaodong
Ergonomics Laboratory
Northern Jiaotong University

Abstract:

As the development of industrial control system, the mechatronics system becomes
more and more complex. So the demand for the communications system is stricter.
The DF8B diesel locomotive is a typical example, in which the traditional single-
master, low speed RS232/RS485 serial bus becomes unsuitable for real-time control,
because it can not operates at data rates of over 19.2k bps via twisted-pair wire and
the data security is not enough. To meet the demand of the new locomotive system

the Controller Area Network(CAN) is adopted to reform the communications system
of it.

The Controller Area Network (the CAN bus) is a serial communications bus for real-
time control applications. CAN operates at data rates of up to 1 Megabits per second
and has excellent error detection and confinement capabilities.

CAN was originally developed by the German company Robert Bosch for use in the
car industry to provide a cost-effective communications bus for in-car electronics
and as alternative to expensive and cumbersome wiring looms. The car industry
continues to use CAN for an increasing number of applications, but because of its

proven reliability and robustness, CAN is now also being used in many other
industrial control applications.

CAN Is an international standard and is documented in ISO 11898 (for high-speed
applications) and ISO 11519 (for lower-speed applications).

CAN is a serial bus system with multi-master capabilities, that is, all CAN nodes are
abie to transmit data and several CAN nodes can request the bus simultaneously.
The serial bus system with real-time capabilities is the subject of the ISO 11898
international standard and covers the lowest two layers of the I50/0SI reference
maodel. In CAN networks there is no addressing of subscribers or stations in the
conventional sense, but instead, prioritized messages are transmitted. A transmitter
sends a message to all CAN nodes (broadcasting). Each node decides on the basis
of the identifier received whether it should process the message or not. The

identifier also determines the priority that the message enjoys in competition for bus
access.

One of the outstanding features of the CAN protocol is its high transmission
reliability. The CAN controller registers a station’s error and evaluates it statistically

in order to take appropriate measures. These may extend to disconnecting the CAN
node producing the errors.
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The maximum transmission rate is specified as 1 M bit/s. This value applies to
networks up to 40 m. For longer distances the data rate must be reduced: for
distances up to 500 m a speed of 125 kbit/s is possible, and for transmissions up to
1 km a data rate of 50 kbit/s is permitted.

Adopting CAN as the communications method the communications system of DFSB
locomotive becomes a robust, versatile, multi-master and high speed channel for
data inter-change, and it has been running successfully for months.

Keywords:

Controller Area Network(CAN), Local Area Network, Industrial Field Bus, Serial
Communications, Single-chip Microcomputer, Locomotive
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1.1 The Communications System of DF8B Diesel
Locomotives

DF8B locomotives have been used on low speed freight trains for a long time. There
are only two nodes in the communications system of DF8B, which are a major
computer and a display screen. The physical layer of this system is R$232-R5485
data bus. The RS5232-RS485 are all single-master serial bus so there is only one
master node in this bus—the major computer and the display screen is the slave
node. The block diagram of this communications system is shown in figure 1-1.

Display Screen Major Computer
k | [I ~.:
| RS232- , RG232- | ] : I:
o[ 1RS485 Y |rsass e -
| ol |adaptor adaptor s
——— l:u m“m'l"”“"m'-""m

Fig. 1-1 block diagram of RS232-RS485 communications system

When powered on the display screen is assigned an address, with which the master
node—major computer—can access the display screen. When the major computer
want to send some data to the display screen it will set the address information and
data, so the display can receive the data. When the major computer want to receive
some data it will send the address and a command, then the display screen wiill
send the acknowledge. This sequence is called hand shaking. After this the display
screen will send some data to the major computer.

The main restrictions of this system are:
* Only one node in the network can be the master node.
» The communications speed is low (4800bps).
» The bus length is short when operating at high bit rate.
* Any slave nodes cannot send data to another one directly.

e  Only the physical layer of the network is defined (RS232-RS485) , 50 the
network can only detect error at byte level, not frame level.

1.2 Reform the Network Hardware and Software

CAN bus is selected to reform the traditional RS232-RS485 bus. The main objects of
this CAN bus system are:

* Llong distance network communication (over 400m).
* High bit rate {up to 100k bps).
» High level of data security.

s  Multi-master network architecture.
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2.1 What's CAN?

The Controller Area Network (CAN) is a serial bus system especially suited for

networking "intelligent” devices as well as sensors and actuators within a system or
sub-system.

CAN is a serial bus system with multi-master capabilities, that is, all CAN nodes are
able to transmit data and several CAN nodes can request the bus simultaneously.
The serial bus system with real-time capabilities is the subject of the ISO 11898
international standard and covers the lowest two layers of the I1SO/OSI reference
model. In CAN networks there is no addressing of subscribers or stations in the
conventional sense, but instead, prioritized messages are transmitted. A transmitter
sends a message to all CAN nodes (broadcasting). Each node decides on the basis
of the identifier received whether it should process the message or not. The

identifier also determines the priority that the message enjoys in competition for bus
access.

The use of CAN in most of European passenger cars and the decision by truck and
off-road vehicle manufacturers for CAN guarantees the availability of CAN chips for
more than 10 years. Other high volume markets, like domestic appliances and
industrial control, aiso increase the CAN sales figures. Up to spring 1999 there are
more than 150 million CAN nodes installed[CAN In Automation].

One of the outstanding features of the CAN protocol is its high transmission
reliability. The CAN controller registers a stations error and evaluates it statistically

in order to take appropriate measures. These may extend to disconnecting the CAN
node producing the errors.

The maximum transmission rate is specified as 1 Mbit/s. This value applies to
networks up to 40 m. For longer distances the data rate must be reduced: for

distances up to 500 m a speed of 125 kbit/s is possible, and for transmissions up to
1 km a data rate of 50 kbit/s is permitted.

2.2 How Does CAN Function

2.2.1 Principles of Data Exchange

When data are transmitted by CAN, no stations are addressed, but instead, the
content of the message (e.g. rpm or engine temperature) is designated by an
identifier that is unique throughout the network. The identifier defines not only the

content but also the priority of the message. This is important for bus allocation
when several stations are competing for bus access.
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If the CPU of a given station wishes to send a message to one or more stations, it
passes the data to be transmitted and their identifiers to the assigned CAN chip
{"Make ready”). This is ail the CPU has to do: To initiate data exchange. The
message 15 constructed and transmitted by the CAN chip. As soon as the CAN chip
receives the bus allocation ("Send Message") all other stations on the CAN network
become receivers of this message ("Receive Message"). Each station in the CAN
network, having received the message correctly, performs an acceptance test to
determine whether the data received are relevant for that station (“Select"). If the
data are of significance for the station concerned they are processed ("Accept"),

otherwise they are ignored. Figure 2-1 shows the transmission and acceptance
diagram.

Fig. 2-1 Broadcast transmissions and acceptance filtering by CAN nodes

A high degree of system and configuration flexibility is achieved as a result of the
content-oriented addressing scheme. It is very easy to add stations to the existing

CAN STATION1 CANSTATION2 CANSTATION3 CAN STATION 4

Accept Prepare Accept
Select Send Select Select
Message
? T !
Recéive Receive Receive
Message Message Message
T Y T T

CAN network without making any hardware or software modifications to the existing
stations, provided that the new stations are purely receivers. Because the data
transmission protocol does not require physical destination addresses for the
individual components, it supports the concept of modular electronics and also
permits multiple reception (broadcast, muiticast) and the synchronization of
distributed processes: measurements needed as information by several controllers

can be transmitted via the network, in such a way that it is unnecessary for each
controller to have its own senhsor.

2.2.2 Non-destructive Bitwise Arbitration
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Fig. 2-2 Principle of non-destructive bitwise arbitration

For the data to be processed in real time they must be transmitted rapidly. This not
only requires a physical data transfer path with up to 1 Mbit/s but also calls for rapid
bus allocation when several stations wish to send messages simultaneously.

In real-time processing the urgency of messages to be exchanged over the network
can differ greatly: a rapidly changing dimension (e.g. engine load) has to be
transmitted more frequently and therefore with less delays than other dimensions
(e.q. engine temperature) which change relatively slowly.

The priority at which a message is transmitted compared with another less urgent
message is specified by the identifier of the message concerned. The priorities are
laid down during system design in the form of corresponding binary values and

cannot be changed dynamically. The identifier with the lowest binary number has
the highest priority.

Bus access conflicts are resolved by bitwise arbitration on the identifiers involved by
each station observing the bus level bit for bit. In accordance with the "wired and”
mechanism, by which the dominant state (logical 0) overwrites the recessive state
(logical 1), the competition for bus allocation is lost by all those stations with
recessive transmission and dominant cbservation. All "losers” automatically become
receivers of the message with the highest priority and do not re-attempt
transmission until the bus is available again, In figure 2-2 this principle is showed.

2.2.3 Efficiency of Bus Allocation

The efficiency of the bus allocation system is determined mainly by the possible
applications for a serial bus system. In order to judge as simply as possibly which
bus systems are suitable for which applications the literature includes a method of

classifying bus allocation procedures. Generally we distinguish between the following
classes:

. Bus allocation on a fixed time schedule

Allocation is made sequentiaily to each participant for a maximum duration

regardless of whether this participant needs the bus at this moment or not
(examples: token slot or token passing).

. Bus allocation on the basis of need

The bus is allocated to one parlicipant on the basis of transmission requests
outstanding, i.e. the allocation system only considers participants wishing to
transmit (examples: CSMA, CSMA/CD, round robin or bitwise arbitration).

For CAN, bus allocation is negotiated purely among the messages waiting to be

transmitted. This means that the procedure specified by CAN is classified as
allocation on the basis of need.

Another means of assessing the efficiency of bus arbitration systems is the bus
access method:

o Non-destructive bus access

L
-}
| ]
3
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With methods of this type the bus is aliocated to one and only one station
either immediately or within a specified time following a single bus access (by
one or more stations). This ensures that each bus access by one or more
stations leads to an unambiguous bus allocation (examples: token siot, token
passing, round robin, bitwise arbitration).

. Destructive bus ailocation

Simultaneous bus access by more than one station causes all transmission
attempts to be aborted and therefore there is no successful bus ailocation. More
than one bus access may be necessary in order to allocate the bus at all, the
number of attempts before bus allocation is successful being a purely statistical
quantity (examples: CSMA/CD, Ethernet).

In order to process all transmission requests of a CAN network while complying with
latency constraints at as low a data transfer rate as possible, the CAN protocol must
implement a bus allocation method that gquarantees that there is always
unambiguous bus allocation even when there are simultanecus bus accesses from
different stations. The method of bitwise arbitration using the identifier of the
messages to be transmitted uniquely resolves any collision between a number of
stations wanting to transmit, and it does this at the latest within 13 (standard
format) or 33 (extended format) bit periods for any bus access period. Unlike the
message-wise arbitration employed by the CSMA/CD method this non-destructive

method of conflict resolution ensures that no bus capacity is used without
transmitting useful information.

Even in situations where the bus is overloaded the linkage of the bus access priority
to the content of the message proves to be a beneficial system attribute compared
with existing CSMA/CD or token protocols: In spite of the insufficient bus transport
Capacity, all outstanding transmission requests are processed in order of their
importance to the overall system (as determined by the message priority). The
available transmission capacity is utilized efficiently for the transmission of useful
data since "gaps" in bus allocation are kept very small. The collapse of the whole
transmission system due to overload, as can occur with the CSMA/CD protocol, is
not possible with CAN. Thus, CAN permits implementation of fast, traffic-dependent

bus access which is non-destructive because of bitwise arbitration based on the
message priority employed.

Non-destructive bus access can be further classified into
. centralized bus access control
° decentralized bus access control

depending on whether the control mechanisms are present in the system only once
(centralized) or more than once (decentralized). A communication system with a
designated station must provide a strategy to take effect in the event of a failure of
the master station. This concept has the disadvantage that the strategy for failure
management is difficult and costly to implement and also that the takeover of the
central station by a redundant station can be very time-consuming. For these
reasons and to circumvent the problem of the reliability of the master station (and
thus of the whole communication system), the CAN protocol implements
decentralized bus control. All major communication mechanisms, including bus
access control, are implemented several times in the system, because this is the

only way to fuifill the high requirements for the availability of the communication
system.
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In summary it can be said that CAN implements a traffic-dependent bus allocation
system that permits, by means of a non-destructive bus access with decentralized
bus access control, a high useful data rate at the lowest possible bus data rate in
terms of the bus busy rate for all stations. The efficiency of the bus arbitration

procedure is increased by the fact that the bus is utilized only by those stations with
pending transmission requests.

These requests are handled in the order of the importance of the messages for the
system as a whole. This proves especially advantageous in overload situations. Since

bus access is prioritized on the basis of the messages, it is possible to guarantee low
individual atency times in real-time systems.

2.2.4 Message Frame Formats

The CAN protocol supports two message frame formats, the only essential
difference beihg in the length of the identifier (ID). In the standard format the
length of the ID is 11 bits and in the extended format the length is 29 bits. The

message frame for transmitting messages on the bus comprises seven main fields.
Figure 2-3 shows the standard format message.

A message in the standard format begins with the start bit "start of frame", this is
followed by the “arbitration field”, which contains the identifier and the "RTR"
(remote transmission request) bit, which indicates whether it is a data frame or 3
request frame without any data bytes (remote frame). The “control field" contains
the IDE (identifier extension) bit, which indicates either standard format or extended

format, a bit reserved for future extensions and - in the last 4 bits - 3 count of the
data bytes in the data field,

The "data field" ranges from 0 to 8 bytes in length and is followed by the "CRC field",
which is used as a frame security check for detecting bit errors. The "ACK field"
comprises the ACK slot (1 bit) and the ACK delimiter (1 recessive bit). The bit in the
ACK slot is sent as a recessive bit and is overwritten as a dominant bit by those
receivers which have at this time received the data correctly (positive
acknowiedgement). The receivers regardless of the result of the acceptance test
acknowledge correct messages. The end of the message is indicated by "end of
frame". "Intermission” is the minimum number of bit periods separating consecutive
messages. If there is no following bus access by any station, the bus remains idle

("bus idle"). For more detailed information about CAN message formats see Chapter
4,

Fig 2-3 Message frame for standard format (CAN Specification 2.0A)

2.2.5 Detecting and Signaling Errors

Arbitration Fiek! Comd Data Field fag Ak Endof  Int Bus Idie
< re—— ¢ M e re——le| >
S 1R
Oft1 bit IDENTIFIER 1 TID[0{DLG | 08 Bytes 15 bit CRC End of Frame
R|E

Unlike other bus systems, the CAN protocol does not use acknowledgement

messages but instead signals any errors that occur. For error detection the CAN
protocol implements three mechanisms at the message level:

. Cyclic Redundancy Check (CRQ)
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The CRC safequards the information in the frame by adding redundant check
bits at the transmission end. At the receiver end these bits are re-computed and

tested against the received bits. If they do not agree there has been a CRC
error,

. Frame check

This mechanism verifies the structure of the transmitted frame by checking the
bit fields against the fixed format and the frame size. Errors detected by frame
checks are designated "format errors”.

. ACK errors

As mentioned above, frames received are acknowledged by all recipients
through positive acknowledgement. If no acknowledgement is received by the
transmitter of the message (ACK error) this may mean that there is a
transmission error which has been detected only by the recipients, that the ACK
fteld has been corrupted or that there are no receivers.

The CAN protocol also implements two mechanisms for error detection at the bit
level:

. Monitoring

The ability of the transmitter to detect errors is based on the monitoring of bus
signals: each node which transmits also observes the bus level and thus detects
differences between the bit sent and the bit received. This permits reliable
detection of all global errors and errors local to the transmitter.

. Bit stuffing

The coding of the individual bits is tested at bit level. The bit representation
used by CAN is NRZ (non-return-to-zero) coding, which guarantees maximum
efficiency in bit coding. The synchronization edges are generated by means of
bit stuffing, i.e. after five consecutive equal bits the sender inserts into the bit
stream a stuff bit with the complementary value, which is removed by the
receivers. The code check is limited to checking adherence to the stuffing rule.

If one or more errors are discovered by at least one station {any station) using the
above mechanisms, the current transmission is aborted by sending an "error flag".

This prevents other stations accepting the message and thus ensures the
consistency of data throughout the network.

After transmission of an erroneous message has been aborted, the sender
automatically re-attempts transmission {automatic repeat request). There may again
be competition for bus allocation. As a rule, retransmission will be begun within 23

bit periods after error detection; in special cases the system recovery time is 31 bit
periods.

However effective and efficient the method described may be, in the event of a
defective station it might lead to all messages (including correct ones) being aborted,
thus blocking the bus system if no measures for self-monitoring were taken. The
CAN protocol therefore provides a mechanism for distinguishing sporadic errors from
permanent errors and localizing station failures (fault confinement).

This is done by statistical assessment of station error situations with the aim of
recognizing a station's own defects and possibly entering an operating mode where
the rest of the CAN network is not negatively affected. This may go as far as the

-~ I8
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station switching itself off to prevent messages erroneously recognized as incorrect
from being aborted.

2.2.6 Data Reliability of the CAN Protocol

The introduction of safety-related systems in automobiles brought with it high
requirements for the reliability of data transmission. The objective is frequently
formulated as not permitting any dangerous situations for the driver to occur as a
result of data exchange throughout the whole life of a vehicle.

This goal is achieved if the reliability of the data is sufficiently high or the residual
error probability is sufficiently low. In the context of bus systems data reliability is
understood as the capability to identify data corrupted by transmission faults. The
residual error probability is a statistical measure of the impairment of data reliability:
It specifies the probability that data will be corrupted and that this corruption will
remain undetected. The residual error probability should be so small that on average
no corrupted data will go undetected throughout the whole life of a system.

10 5 Stations
o) Message length 90 Bit
-
w' " T
£
=
o 10776 + \\
i 10 Stations
-‘.;,, Message length 80 Bi
T

—+—t—f
10~ 107 10?2 10!
BitEwvor ProbabiRy
Fig 2-4 Residual error probability as a function of bit error probability

Calculation of the residual error probability requires that the errors which occur be
classified and that the whole transmission path be described by a model. If we
determine the residual error probability of CAN as a function of the bit error
probabiiity for message lengths of 80 to 90 bits, for system configurations of, for
instance, five or ten nodes and with an error rate of 171000 (an error in one
message in every thousand), then maximum bit error probability is approximately
0.02 - on the order of 16™°. Based on this it is possible to calculate the maximum
number of undetectable errors for a given CAN network.

For example, if a CAN network operates at a data rate of 1 Mbit/s, at an average
bus capacity utilization of 50 percent, for a total operating life of 4000 hours and
with an average message length of 80 bits, then the total number of messages
transmitted is 9 x 10'°. The statistical number of undetected transmission errors
during the operating fife is thus on the order of less than 102 Or to put it another
way, with an operating time of eight hours per day on 365 days per year and an
errof rate of 0.7 s, one undetected error occurs every thousand years (statistical
average). Figure 2-4 shows the residual error probabitity[21].
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2.2.7 Extended Format CAN Message

The SAE "Truck and Bus" subcommittee standardized signals and messages as well
as data transmission protocols for various data rates. It became apparent that

standardization of this kind is easier to implement when a longer identification field
is available.

To support these efforts, the CAN protocol was extended by the introduction of a
29-bit identifier. This identifier is made up of the existing 11-bit identifier (base ID)
and an 18-bit extension (ID extension). Thus the CAN protocol allows the use of two
message formats: StandardCAN (Version 2.0A) and ExtendedCAN (Version 2.0B). As
the two formats have to coexist on one bus it is laid down which message has
higher priority on the bus in the case of bus access collisions with differing formats

and the same base identifier: The message in standard always has priority over the
message in extended format.

CAN controllers which support the messages in extended format can also send and
recelve messages in standard format. When CAN controllers which only cover the
standard format (Version 2.0A) are used on one network, then only messages in
standard format can be transmitted on the entire network. Messages in extended
format would be misunderstood. However there are CAN controllers which only

support standard format but recognize messages in extended format and ignore
them (Version 2.0B passive).

The distinction between standard format and extended format is made using the
IDE bit (Identifier Extension Bit) which is transmitted as dominant in the case of a
frame in standard format. For frames in extended format it is recessive.

The RTR bit is transmitted dominant or recessive depending on whether data are
being transmitted or whether a specific message is being requested from a station.
In place of the RTR bit in standard format the SRR (substitute remote request) bit is
transmitted for frames with extended ID. The SRR bit is always transmitted as
recessive, to ensure that in the case of arbitration the standard frame always has

priority bus allocation over an extended frame when both messages have the same
base identifier.

Unlike the standard format, in the extended format the IDE bit is followed by the
18-bit ID extension, the RTR bit and a reserved bit (r1).

Artitration Fiekd Control Data Field ERC Adc Endof It Busldie

w »le —ple > « ‘r(—)l(——)f «—>

R R|R
11 bt IDENTIFIER | 21 1 118 bit IDENTIFIER | T| 1| 0 { DLG 0-8 Bytes 15 bit CRC End of Frame

RIE R

moLn

Fig. 2-5 Message frame for extended format (CAN specification 2.0B)

All the following fields are identical with standard format. Conformity between the

two formats is ensured by the fact that the CAN controllers which support the
extended format can also communicate in standard format.

2.3 Physical CAN Connection

The data rates (up to 1 Mbit/s) necessitate a sufficiently steep puise siope, which
can be implemented only by using power elements. A number of physical
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connections are basically possible. Figure 2-6 shows the block diagram of a
standard CAN bus application system.

Mcrocontrofer

CAN Contraller

™I T RO R
L e
T=0 oD Pof P=
CANM Transceiver Vec 1 {00 nF
G—dlA:[
CAML CANH
Bus Terminaion Bus Termination
CAM_H 1
Ij R CAN Bus Lines EJ RT
CANL T

Fig 2-6 Physical CAN Connection according to ISO 11898
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Chapter 3 Hardware-Architecture of the.CAN: - -
- Network : o

3.1 Overview

This chapter is intended to provide basic technical information for the
implementation of the Physical Medium Attachment in a CAN network according to
the ISO 11898 standard, using a package of a Module controller (host
controller), a CAN controller (protocol controller) and a transceiver product.
This application supports bit rates up to 1 Mbit/s over a two-wire differential bus line
which is the transmission medium being specified by the 1SQ 11898 standard.

)

3.2 Objectives of This Application

As what is shown in Chapter 1, the traditional centralized bus access control network
system of DF8B locomotive becomes an obhstacle for implementing distributed
computer control. If a decentralized network system can replace this one the control
system will be flexible. But it is hard to delete the entire traditional network and
replace a new one, because most of the software to implement the control
mechanism and control the communications method cannot be replaced. So the

possible way is to reform the traditional network, make minimum changes and suit
the hardware independent software.

The objectives of this application is:
» Install a decentralized local network communications system

* Only reform the network interlink hardware and hardware dependent
software

* Suit the demand of the traditional hardware independent software.

S0 the most important task of this application is to build an “intelligent network
card” that implement most work of protocol transferring, error detecting and

confinement, task scheduling etc. The major tasks of the intelligent network card
are:

» Initializing hardware and build communications link
» Transferring CAN protoco! with the traditional protocol

¢«  Detecting protocol error and make corresponding action

e  Scheduling tasks
« Buffering TX and RX data

3.3 Network Characteristics and Wiring Topology
3.3.1 Network Characteristics Outline

To suit the demand of the DF8B locomotive communications system, the network
are made up 2 Local Networks (CAN bus). In each one every node can send/receive
message with any other node directly. The basic characteristics are listed below:
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* Bus length (In the locomaotive): <30m

 Bus length (Locomotive interconnection): <400m

«  CAN bus bit rate: 100k bit per second

e RS232 bit rate: 115.2k bit per second

e  Number of CAN node {In the locomotive): 7

e« Protocol: CAN 2.0A

* Network card module controller: 89¢52(22.1184MHz)

» CPU of Industrial PC {Display Screen): 80386sx(33MHz)

3.3.2 Network Wiring Topology

7 CAN nodes are installed on every locomotive and make up of the CAN network.
The two loccomotives are interiinked with a special CAN node called “Network Card”.
Other nodes are Main Control Computer, Logical Unit, and Driver's Display Screen
etc. These components are showed in figure 3-1.

Display Screen Main Computer Logical Unit Network Card

i :;_ﬁo m———
- SS.M%“ | R B T
b

: _ | ) KT § The Other
8 - e S [ o o

FoARR Locomotive
: Ry
S - et .
- i iy %iﬁ'-o’\lg*f?zt.?f.i;:!‘ '
s HERE Rt A

: ol .

S

ST

SR IE RN RS REFSISH)) P o 0

il ] |

. X Jl

rig. 3-1 Network Topology
3.4 CAN Node Architecture

In this application each CAN module can be divided into different functional blocks.

The foliowing part focuses on illustrating the hardware architecture of the Driver's
Display Screen node.

The connection to the CAN bus lines of the node is usually built with a CAN
Transceiver optimized for the applications [6], [7]. The transceiver controls the
logic level signais from the CAN controller into the physical levels on the bus.

The next upper level is a CAN Controller which Implements the complete CAN

protocol defined in the CAN Specification [2]. It also cavers message buffering and
acceptance filtering.

All these CAN functions are controlled by a Module Controller which performs the
functionality of the application. For example, it controls actuators, reads sensors and

handles the man-machine interface (MMI). The module controller of this application
is 89¢52 single-chip micro-controlier.

This architecture complies with the ISO 11898 [1] standard.
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ISO 11898 [1] is the international standard for in-vehicle high-speed com_munication
using the Controller Area Network (CAN) bus protocol. The scope of this standard
essentially 1s to specify the so-called data tink layer and physical layer of the

communication link. The physical layer is subdivided into three sublayers as shown
in Fig. 3-2.

These are
PC COM1/2
TX RX
v A
R5232/TTL _‘
TRANSCEIVER
SPECIFICATION]  OSI-LAYER | v A
MANAGEMENT | APPLICATION v
&PROTOCOL LAYER 89C52 A
TMTEDDDET AT
DATA | Logical - —
LINK ik E“]F j]
CA |LAYER Medium L L POWER
SPE access Tsia000 4——{SUPPLY
cantcal D Rx0
Physical e CIR
—_IPHYSI <ianalinn * 4
SCOPE OF ISO| CAL | Physical Pt |
11898 LAYER| medium CANH CANL
ttarh
Maer;j l 31”?” *SAFEG LA R[?
dependent CIRCUIT )
TRANSMISSION
MEDIUM

.
Figure 3-2 CAN node architecture

» Physical Signaling bit cading, timing and synchronization
»  Physical Medium Attachment driver and receiver characteristics

e  Medium Dependent Interface bus connector

As shown in Fig. 3-2 the Physical Medium Attachment sublayer of this CAN node is
implemented with the transceivers PCAB2C250 [7] or PCA82C251 [8] from Philips
Semiconductors. The implementation of the Physical Signaling sublayer and the Data
Link Layer is performed by integrated protocol controller products, SJA1000 from
Philips Semiconductors. Connection to the transmission medium is provided via the

Medium Dependent Interface i.e. a connector used to attach bus nodes to the bus
line.

3.5 Physical Layer
3.5.1 Chip Outline

The 82C250 transceiver products basically provide interfacing between a protocol
controller and a physical transmission line. They are designed to transmit data with
a bit rate of up to 1 Mbit/s over a two-wire differentiai voltage bus line as described
in the 1SO 11898 standard. Their general features are listed in the data sheets (see
[7] and [8]). The pining description is shown in table 3-1.

__SYMBOL | PIN | DESCRIPTION 1
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XD 1 Transmit data input

GND : |2 Ground

Vee 0 |3 Supply voltage

RXD =7 14 Receive data output

Vief s | 5 Reference voltage output
CANLZ:- o} 6 LOW-level CAN voltage input/output
CANM::i<| 7 HIGH-level CAN voltage input/output
Rs .. 18 Slope resistor input

TABLE 3-1 PINING OF 82C250

3.5.2 Functional Description

The PCAB2C250, which implements the physical layer, is the interface between the
CAN protocol controller and the physical bus. It is primarily intended for high-speed
applications (up to 1 M baud) in cars. The device provides differential transmit
capability to the bus and differential receive capability to the CAN controller. It is
fully compatible with the “ISO 11898” standard.

If the junction temperature exceeds a value of approximately 160 °C, the limiting
current of both transmitter outputs is decreased. Because the transmitter is
responsible for the major part of the power dissipation, this will result in a reduced
power dissipation and hence a lower chip temperature. All other parts of the IC will

remain in operation. The thermal protection is particularly needed when a bus line is
short-circuited.

The CANH and CANL lines are also protected against electrical transients, which may
occur in an automotive environment.

Slope control

Pin 8 (Rs) allows three different modes of operation to be selected: high-speed,
slope control or standby.

» For high-speed operation, the transmitter output transistors are simply
switched on and off as fast as possible. In this mode, no measures are

taken to limit the rise and fall slope. The high-speed mode is selected by
connecting pin 8 to ground.

e For lower speeds or shorter bus length, an unshielded twisted pair or a
paratiel pair of wires can be used for the bus. To reduce RFI, the rise and
fali slope should be limited. The rise and fall slope can be programmed with

a resistor connected from pin 8 to ground. The slope is proportional to the
current output at pin 8.

o If a HIGH level is applied to pin 8, the circuit enters a low current standby
mode. In this mode, the transmitter is switched off and the receiver is
switched to a low current. If dominant bits are detected (differential bus
voltage >0.9 V), RXD wilt be switched to a LOW level. The microcontrolier
should react to this condition by switching the transceiver back to normat

operation (via pin 8). Because the receiver is slow in standby mode, the
first message will be lost.

In this application the high-speed mode is adopt.
3.5.3 CAN Bus Interface
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Various couple methods can be selected to protect each CAN nodes from electrical
destroying and meet the demand of high bus speed. In this application a set of
safeguard circuit is occupied at the end of CAN node. After the practical/lab tests, it
can be concluded that this circuit can prevent high voltage damage (<18V) and suit
the demand of high speed bus transmission {>100K bps).

The CAN interface is an IDC10 male plug. The signals of it are defined in table 3-2.
PIN 1 2 3 4 5 6 7 8 9 10

Signa] NC | CANL | GND | N [ NC T GND TCANHT NC | 5V [ Ne
Table 3-2 CAN Bus interface

3.6 Data Link Layer

3.6.1 Chip Outline

The SJA1000 is a stand-alone CAN Controller product which fulfill the CAN protocol
2.0A and 2.0B.

The stand-alone CAN controller SJA1000 has two different Modes of Operation:
BasicCAN Mode: implements the CAN protocol 2.0A
PeliCAN Mode: implements the CAN protocol 2.08

Upon Power-up the BasicCan Mode is the default mode of operation, and it is also

the operating mode of this application. The PeliCAN mode is also supported in this
firmware.

3.6.2 Block Diagram

Host
controller SJA1000 AN S
(89C52) ) M;ﬂ;;ﬁﬁm Transmit Buffer | ____ Block
— Logic " CAN 2.08 »
» bl B
> Receive FIFO Acceptance
: — Fitter A

Fig. 3-3 Block Diagram of SJA1000
The figure 3-3 shows the block diagram of the SJA1000.

The CAN Core Block controls the transmission and reception of CAN frames
according to the CAN specification.

The Interface Management Logic block performs a link to the external host
controller (89¢c52). Every register access via the SIA1000 multiplexed address/data
bus and controlling of the read/write strobes is handled in this unit. Additionally to
the BasicCAN functions known from the PCA82C200, new PeliCAN features have

been added. As a consequence of this, additional registers and logic have been
implemented mainly in this block.

The Transmit Buffer of the SJA1000 is able to store one complete message
(Extended or Standard). Whenever a transmission is initiated by the host controller
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the Interface Management Logic forces the CAN Core Block to read the CAN
message from the Transmit Buffer.

When receiving a message, the CAN Core Block converts the serial bit stream into
parallel data for the Acceptance Filter. With this programmable filter the SJA1000
decides which messages the host controtler actually receives.

All received messages accepted by the acceptance filter are stored within a Receive
FIFO. Depending on the mode of operation and the data length up to 32 messages
¢an be stored. This enables the user to be more flexible when specifying interrupt
services and interrupt priorities for the system because the probability of data
overrun conditions is reduced extremely.

For connection to the host controlier, the SJAL1000 provides a multiplexed
address/data bus and additional read/write control signals. The SJA1000 could be
seen as a peripheral memory mapped [/O device for the host controller.

Acceptance Filter

The stand-alone CAN controller SJA1000 is equipped with a versatile acceptance
filter, which allows an automatic check of the identifier and data bytes. Using these
effective filtering methods, messages or a group of messages not valid for a certain
node can be prevented from being stored in the Receive Buffer. Thus it is possible
to reduce the processing load of the host controller.

The filter is controlled by the acceptance code and mask registers according to the
algorithms given in the data sheet [6]. The received data is compared bitwise with
the value contained in the Acceptance Code register. The Acceptance Mask Register
defines the bit positions, which are relevant for the comparison (Q = relevant, 1 =

not relevant). For accepting a message all relevant received bits have to match the
respective bits in the Acceptance Code Register.

Acceptance Filtering in BasicCAN Mode

The filter is controlled by two 8-bit wide registers — Acceptance Code Register {ACR)
and Acceptance Mask Register (AMR). The 8 most significant bits of the identifier of
the CAN message are compared to the values contained in these registers, see also

the example. Thus always groups of eight identifiers can be defined to be accepted
for any node,

Example:;
The Acceptance Code register (ACR) contains: (msb) 11010010
The Acceptance Mask register (AMR) contains: 00111000

Messages with the following 11-bit identifiers are accepted: 110001000

With this facility each node can group messages sent to different ones on the
locomotive.,

3.7 Application Layer
3.7.1 Main Tasks of This Layer

The application layer in this application is implemented with 89CS2 singie-chip
microcontroller. It connects the CAN controller and the PC which is utilized to display
the working status of the locomotive and send drivers command via keyboard on it.
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The main tasks of this layer are:

Initialization of CAN controller

Interpretation of CAN protocol message

Response to the command/request or error message of CAN controller

Managing the data/command buffer of 89¢52

Controlling the process sequence

Connecting to the standard RS232 interface

3.7.2 Data Buffer Diagram

When
bootin

g up the 89¢52 initializes its registers, installs interrupts, and creates data/command
buffers. Then it initializes the CAN controller {SJA1000), and enters the normal

pC

COM

R5232
JTTL

running phase.,

In this phase the microcontroller must response to the data/command request of

the CAN controller as well as the PC, so it is useful to create different buffers for all
of these data. The definition of these data/command is:

Trans-

—*’Eeiver

Fig. 3-4 Buffer blocks Diagram

R

PC data
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Ll:ceivin

task{inciuf

: tuffer

89c52

st command

ffer

ripheral Ack,

uffer)

W

[Host data buffer

Peripheral data

uffer

AN

ontrol
ler

Host command: command from the host PC

Peripheral Acknowiedgement: 89c52‘s response data to the host command

Host data: data from the host PC and will be transmitted to the CAN
controller

Peripheral data: data from the CAN controller and will be transmitted to the
host PC

According to this definition the buffer blocks is shown in figure 3-4.

3.7.3 RS232 Interface

The RS232 interface connected to the PC serial port is a DB9 female plug. The

signals of it are defined in table 3-3.

PIN 1 2 3 4 5 6 7 9
F:%na DCD | RXD | TXD { DTR | GND | DSR | RTS | CTX | RI

Table 3-3 RS232 interface
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-« . Chapter 4 Network Configuration

4.1 Introduction

A successful netwaork depends on not only excellent hardware components but also
suitable software program and correct network configuration. The hardware
safeguard circuit as well as other protection circuit/chips illustrated in Chapter 3 can
ensure hardware robustness. In Chapter 5 suitable software algorisms will be
introduced. This Chapter will discusses network configuration and related issues.

4.2 Main Subjects

Even if minor errors in the configuration of the CAN bus parameters do not result in
immediate failure, the performance of a CAN network can be reduced significantly.
The parameters and factors that affect the running of the network are:

1. Bus length and type of cable

2. Bus branch length

3. Node number on the bus

4. Bit timing parameters

5. Communications speed

6. Electro magnetic noise and other factors

Practical tests and calcuiation of parameters cannot replace with each other. In this
Chapter the first 5 factors will be discussed with calculation method and/or test
method. The last factor is beyond the scope of this dissertation.

4.3 Maximum Bus Line Length and Maximum Number
of Nodes

The maximum achievable bus line length in a CAN bus network is determined
essentially by the following physical effects:

1. The loop delays of the connected bus nodes (CAN controller, transceiver
etc.) and the delay of the bus line

2. The differences in bit time quantum length due to the relative oscillator
tolerance between nodes

3. The signal amplitude drop due to the series resistance of the bus cable and
the input resistance of bus nodes

The effect 3 is discussed below. The effects 1 and 2 are discussed in 4.4,

The CAN bus cable length within the locomotive is just 30m and only 7 nodes are

connected to the CAN bus, so it must meet the demand. In the following part only
the interconnection bus between locomotives are discussed.
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The ISO 11898 Standard [1] assumes the network wiring topology to be close to a
single line structure in order to minimize reflection effects on the bus line.

At static conditions the differential input voltage at a bus node is determined by the
current flowing through the differential input resistance of that node. In case of a
dominant bit the output transistors of the transmitting node are switched on,
causing a current flow, whereas the transistors are switched off for a recessive bit.

Thus the generated differential voltage at the input of a node (Vdituin) depends on
(see Figure 4-1)

« The differential output voltage of the transmitting nodes (Vditf.out)
« The resistance of the bus cable

« The differential input resistance of receiving nodes (Raif )

Rw CANH
L P |
Rt @ Vdiff.out Rdift Vdiff.in Re
Rw CANL
S —

o . Fig. 4-1 calculation circuit modute
Rt: termination resiswe »

Rw: cable resisters

For this case the differential input voltage at the receiving node is calculated using
Fig. 4-1

Vdiffout = Vdiff.in +2% Rw * Iw (1)
_ Vdiff.out N Rdiff * Rt
2Rw Rdiff + Rt
(Vaitin>1.0V, Vaitont=1.5V, Raifr>20k(2, Ri=1240)
Cable: ISO 11898(automotive) 0.25mm? p=70Q/km

[w

(2)

Based on the equation (1), (2) the length of the cable can be calculate as:
L<442m

The actual cable length is 400m(In most cases the length less than 100m), so the
cable iength requirement can be satisfied.

4.3 Bit Timing Parameters

In many cases, the CAN bit synchronization will amend a faulty configuration of the
CAN bit timing to such a degree that only occasionally an error frame is generated.

In the case of arbitration however, when two or more CAN nodes simultaneously try
to transmit a frame, a misplaced sample point may cause one of the transmitters to
become error passive. The analysis of such sporadic errors requires a detailed

knowledge of the CAN bit synchronization inside 3 CAN node and of the CAN nodes’
interaction on the CAN bus.
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The purpose of this part is not to introduce the detailed steps to calculate the CAN
bus bit timing parameters (Refer to [18] for more information), but describe the
CAN bit synchronization algorithm and the parameters which have to be considered
for the proper calculation of the CAN bit time.

4.3.1 CAN Protocol Bit Time

CAN supports bit rates in the range of lower than 5 kBit/s up to 1000 kBit/s. Each
member of the CAN network has its own clock generator, usually a quartz oscillator.
The timing parameter of the bit time (i.e. the reciprocal of the bit rate) can be
configured individually for each CAN node, creating a common bit rate even though
the CAN nodes’ oscillator periods { f, )} may be different.

| Nominal CAN Bit

| - s ..

prop_seg phase_seql phase_seg2

sync_seg

Fig. 4-2 Bit Timing

The frequencies of these oscillators are not absolutely stable, small variations are
caused by changes in temperature or voltage and by deteriorating components. As
long as the variations remain inside a specific oscillator tolerance range, the CAN

nodes are able to compensate for the different bit rates by resynchronizing to the bit
stream.

According to the CAN specification, the bit time is divided into four segments (see
figure 4-2). The Synchronization Segment, the Propagation Time Segment, the
Phase Buffer Segment 1, and the Phase Buffer Segment 2. Each segment consists of
a specific, programmable number of time quanta {see Table 4-1). The length of the
time quantum (t,), which is the basic time unit of the bit time, is defined by the CAN

controller’s system clock f,,s and the Baud Rate Prescaler (BRP): t,=BRP/f . Typical
system clocks are: f, = fy.

i 3 N By EF i e, 07 Pl
(<32) ‘Deﬁnes the length of the time quantum t,

Sync_Seg (1) Fixed length, synchronization of bus input to system clock

Prop_Seg  (<8) Compensates for the physical delay times

Phase_Segl (<8) [May be lengthened temporarily by synchronization

IPhase_Seg2 (<8) IMay be shortened temporarily by synchronization

SIW ({4)‘May not be longer than either Phase Buffer Segment
Table 4-1: Parameters of the CAN Bit Time

The Synchronization Segment Sync_Seq is that part of the bit time where edges of
the CAN bus level are expected to occur; the distance between an edge that occurs
outside of Sync_Seg and the Sync_Seq is calied the phase error of that edge.
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The Propagation Time Segment Prop_Seg is intended to compensate for the physical
delay times within the CAN network. This part of the bit time is used to compensate
physical delay times within the network. These delay times consist of the signal
propagation time on the bus and the internal delay time of the CAN nodes.

The Phase Buffer Segments (Phase_Segl and Phase_Seg2) and the Synchronization
Jump Width (SJW) are used to compensate for the oscillator tolerance. The Phase
Buffer Segments may be lengthened or shortened by synchronization.
Synchronizations occur on edges from recessive to dominant, their purpose is to
control the distance between edges and Sample Points. Edges are detected by
sampling the actual bus level in each time quantum and comparing it with the bus
level at the previous Sample Point. Synchronization may be done only if a recessive
bit was sampled at the previous Sample Point and if the actual time quantum’s bus
level is dominant. An edge is synchronous if it occurs inside of Sync_Seg; otherwise
the distance between edge and the end of Sync_Seq is the edge phase error,

measured in time quanta. If the edge occurs before Sync_Seg, the phase error is
negative, else it is positive.

4.3.2 Related Factors

Oscillator Tolerance Range

Each node in a CAN network derives its bit timing from its own oscillator reference.
In real systems, the oscillator reference frequency, f-«, will deviate from its nominal
value due to initial tolerance offset, aging and ambient temperature variations. The
sum of these deviations result in a total oscillator tolerance, defined as Af. This

oscillator tolerance is a relative tolerance, which represents the deviation of the
oscillator reference frequency, normalized to the nominal frequency:

Clock references typically used in real systems, such as crystal oscillators (Af

<0.1%)-which are occupied in this application- and ceramic resonators (Af <1.2%)
satisfy the demand of this application.

Propagation Delay

The significance of propagation delay in a CAN system stems from the fact that CAN
allows for non-destructive arbitration between nodes contending for access to the
network, as well as in-frame acknowledgement. Arbitration occurs during the
identifier field and implies that multiple nodes simultaneously drive their identifier
bits onto the bus. As nodes synchronize on bit edges, excessive propagation delay in
the system results in invalid arbitration. Ultimately the various delays in the CAN
system limit the maximum network bus length at a given bit rate. The one-way
propagation delay between two nodes A and B, defined as torop (4, B)- This delay is

the sum of all the device delays in the signal path, including the transceiver, the
CAN controlier and the bus medium.

As nodes must receive each other's waveforms, synchronize to them and then
transmit back during arbitration, the total propagation delay in the system is the
sum of the two nodes’ delays. Assuming that each node in a given network has
comparable delays, the total round-trip delay, defined as orops 1S the sum of toop (a8

and torop (8, A)-

Most part of the propagation delay in this application is generated in the safeguard
circuit. When the bit rate is 100k bps, this delay can be tolerated.
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4.4 Communications Speed

4.4.1 Introduction

High-speed communication is appreciated in many cases, however the requirement
for high bit rate always conflict with those of low cost, long distance, system
robustness etc.

The Controller Area Network (CAN) is a high speed, low cost, multimaster serial
communications system which efficiently supports distributed realtime control with a
very high level of security. Some high speed networks are connected using CAN with
bitrates up to 1 Mbit/s. But this does not mean that any CAN node can transmit 1 M
bits (125 K bytes) data to another within 1 second, for some extra information must
be send in a CAN data frame such as start bit, arbitration field, control field, CRC
field, ACK field and end of frame field. Tn a practical CAN bus system the time to
write data into the CAN controller and set transmission request must also be
calculated. This part illustrates how to calculate the theoretical maximum
transmission speed and measure the practical speed in a CAN bus.

The definitions in this paper of various data transmission speed are listed below:
« Baud rate (bit rate): the number of bit transmitted per second (bit/second)

» The maximum theoretical data transmission speed: the maximum available

number of data byte per second transmitted based on CAN protocol.
(byte/second)

* The maximum data transmission speed of an ideal CAN firmware system:
the highest actual data transmission speed per second in an ideal CAN
firmware system (byte/second)

The ideal CAN firmware system refers to:

« A CAN firmware system which is made up of only 2 nodes. The node A is
called transmitter node, the other one, node B, is called receiver node.

*« The speed of data receiving of node B is high enough to ensure that no
case of data overrun will occur.

« The node A always transmits data with its highest speed—it is only

occupied in writing data to the transmission buffer and setting sending
command.

Definition of TRANSMITTER / RECEIVER

 TRANSMITTER: A unit originating a message is called “TRANSMITTER” of

that message. The unit stays TRANSMITTER until the bus is idle or the unit
loses ARBITRATION.

o RECEIVER: A unit is called “RECEIVER” of a message, if it is not
TRANSMITTER of that message and the bus is not idle.

4.4.2 The Structure of the CAN Data Frame
Standard Data Frame
A DATA FRAME is composed of seven different bit fields: START OF FRAME,

ARBITRATION FIELD, CONTROL FIELD, DATA FIELD, CRC FIELD, ACK FIELD, END
OF FRAME, The DATA FIELD can be of length zero.
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Fig. 4-3 Standard Data Frame

« START OF FRAME: marks the beginning of DATA FRAMEs and REMOTE
FRAMEs. It consists of a single ‘dominant’ bit.

» ARBITRATION FIELD: The ARBITRATION FIELD consists of the
IDENTIFIER and the RTR-BIT.

IDENTIFIER: The IDENTIFIER's length is 11 bits. These bits are transmitted in
the order from ID-10 to ID-0. The least significant bit is ID-0. The 7 most
significant bits (ID-10 - ID-4) must not be all ‘recessive’.

RTR BIT: Remote Transmission Reguest BIT. In DATA FRAMEs the RTR

BIT has to be ‘dominant’. Within 3 REMOTE FRAME the RTR BIT has to
be ‘recessive’,

» CONTROL FIELD: The CONTROL FIELD consists of six bits. It includes the
DATA LENGTH CODE and two bits reserved for future expansion. The
reserved bits have to be sent 'dominant’. Receivers accept ‘dominant’
and ‘recessive’ bits in all combinations.

DATA LENGTH CODE: The number of bytes in the DATA FIELD is indicated by
the DATA LENGTH CODE. This DATA LENGTH CODE is 4 bits wide and is
transmitted within the CONTROL FIELD.

» DATA FIELD: The DATA FIELD consists of the data to be transferred
within @ DATA FRAME. It can contain from 0 to 8 bytes, which each contain
8 bits which are transferred MSB first.

 CRC FIELD: contains the CRC SEQUENCE foliowed by a CRC DELIMITER.

CRC DELIMITER: The CRC SEQUENCE is foliowed by the CRC DELIMITER which
consists of a single recessive’ bit.

® ACK FIELD: The ACK FIELD is two bits fong and contains the ACK SLOT
and the ACK DELIMITER. In the ACK FIELD the transmitting station sends
two recessive’ bits. A RECEIVER which has received a valid message

correctly, reports this to the TRANSMITTER by sending a ‘dominant’ bit
during the ACK SLOT (it sends ‘ACK").

ACK SLOT: All stations having received the matching CRC SEQUENCE report this

within the ACK SLOT by superscribing the ‘recessive’ bit of the TRANSMITTER
by a ‘dominant’ bit.

ACK DELIMITER: The ACK DELIMITER is the second bit of the ACK FIELD and

has to be a ‘recessive’ bit. As a conseguence, the ACK SLOT is surrounded by
two ‘recessive’ bits (CRC DELIMITER, ACK DELIMITER).

* END OF FRAME: Each DATA FRAME and REMOTE FRAME is delimited by a
flag sequence consisting of seven ‘recessive’ bits.
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Extended Data Frame

A EXTANDED DATA FRAME is composed of seven different bit fields and only differs
from A STANDARD DATA FRAME in the following ways:

CRC Ack End of Int  Bus Ide
Artrtration Field C{;ﬁaﬂl Data Field Field Feld Field
g > > > « PP ———>
S STE |y b RIR
OJL1 bit IDENTIFIER| o i 18 bit IDENTIFIER| T| 1] 0{DLG 0-8 Bytes 15 bt CRC End of Frame
F RIE R

Fig. 4-4 Extended Data Frame

« ARBITRATION FIELD: The format of the ARBITRATION FIELD is
different for Standard Format and Extended Format Frames.

- In Standard Format the ARBITRATION FIELD consists of the 11 bit

IDENTIFIER and the RTR-BIT. The IDENTIFIER bits are denoted ID-28 ...
ID-18.

- In BExtended Format the ARBITRATION FIELD consists of the 29 bit

IDENTIFIER, the SRR-Bit, the IDE-Bit, and the RTR-BIT. The IDENTIFIER
bits are denoted ID-28 ... ID-0.

In order to distinguish between Standard Format and Extended Format the

reserved bit rl1 in previous CAN specifications version 1.0-1.2 now is
denoted as IDE Bit.

e IDENTIFIER:
IDENTIFIER - Standard Format

The IDENTIFIER’s length is 11 bits and corresponds to the Base ID in
Extended Format. These bits are transmitted in the order from ID-28 to ID-

18. The least significant bit is ID-18. The 7 most significant bits (ID-28 -
ID-22) must not be all ‘recessive’.

IDENTIFIER - Extended Format

In contrast to the Standard Format the Extended Format consists of 29 bits.
The format comprises two sections:

Base ID with 11 bits and the Extended ID with 18 bits
Interframe Spacing

DATA FRAMEs and REMOTE FRAMEs are separated from preceding frames by a bit

field called INTERFRAME SPACE. INTERFRAME SPACE contains the bit fields
INTERMISSION and BUS IDLE.

e INTERMISSION consists of three ‘recessive’ bits.

During INTERMISSION no station is allowed to start transmission of a DATA

FRAME or REMOTE FRAME. The only action to be taken is signaling an
OVERLOAD condition.

* BUS IDLE: The period of BUS IDLE may be of arbitrary length. The bus is
recognized to be free and any station having something to transmit can
access the bus. A message, which is pending for transmission during the
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transmission of another message, is started in the first bit following
INTERMISSION.

The detection of a ‘dominant’ bit on the bus is interpreted as a START OF FRAME.

4.4.3 Bit Stream Coding

The frame segments START OF FRAME, ARBITRATION FIELD, CONTROL FIELD,
DATA FIELD and CRC SEQUENCE are coded by the method of bit stuffing. Whenever
a transmitter detects five consecutive bits of identical value in the bit stream to be

transmitted it automatically inserts a complementary bit in the actual transmitted bit
stream.

The remaining bit fields of the DATA FRAME or REMOTE FRAME (CRC DELIMITER,
ACK FIELD, and END OF FRAME) are of fixed form and not stuffed.

The bit stream in 2 message is coded according to the Non-Return-to-Zero (NRZ)

method. This means that during the total bit time the generated bit level is
either ‘dominant’ or recessive’.

4.4.4 The Maximum Theoretical Data Transmission Speed
Standard Data Frame

According to the definition of the standard data frame, the maximum number of
data bits in a data frame is 64 and the total numbers of bits is 81 plus inter frame 3
bits. When the bit rate of a CAN bus is 1M bps, 1 M bits of signals can be
transmitted within 1 second, so the number of data bits is 761.9 k that is to say the
maximum theoretical data transmission speed is 95238 bytes per second.

Extended Data Frame

In an extended data frame the number of data bits is 64 and the total number of

bits is 99 plus inter frame 3 bits. It can be calculated that the maximum theoretical
data transmission speed is 76923 byte per second.

Bit Stream Coding

According to the bit stream coding method, when a transmitter detects five
consecutive bits of identical value in the bit stream to be transmitted it automatically
inserts a complementary bit in the actual transmitted bit stream. In this case the
length of a CAN data frame will be increased and the maximum theoretical data
transmission speed of standard data frame and extended data frame are 81633
bytes per second and 65041 bytes per second respectively.

4.4.5 The Maximum Data Transmission Speed of an Ideal
CAN Firmware System

This speed is more useful for practical applications, for the maximum theoretical
data transmission speed cannct be achieved in a network.

The following steps showed below introduce the method to gauge the maximum

data transmission speed of an ideal CAN firmware system, which is illustrated in
chapter 4.4.1.

1. Connect the CAN network and turn on the power
2. Initialize CAN notes A and B

-97 .



Sk f"_ b g 1

3. Start data transmission with the full speed of node A (stop all the other
tasks of this node and only engaged it in transmitting data)

4. Capture a whole data frame and gauge the time consuming of it with a
digital oscillograph.

5. Calculate the data transmission speed based on the time value.
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Fig. 4-5 Timing of Standard Data Frame (1M bit rate)
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Fig.4-6 Timing of Extended Data Frame (1M bit rate)

Fig 4-5 and 4-6 show the data frame timing at 1M bit rate of the standard and

extended CAN frame. The transmission time width of 3 standard and extended data
frame is 133 ps and 163 us, respectively.

Based on these values it can be calculated that the maximum transmission speed of

this firmware system is 61650 bytes per second (standard data frame) and 48080
bytes per second (extended data frame) respectively.

4.4.6 Determine The Maximum Speed of the CAN Network

The maximum theoretical data transmission speed and the maximum transmission
speed of an ideal CAN firmware network have different meaning.
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The first one determines the maximum burst speed of a CAN bus network. When
some nodes of a CAN bus network try to send data at the same time, one of them
Can get the bus access right and start transmission based on the priority arbitration
mechanism. When this node compietes its transmission some other node will get the
bus access right and start transmission without any delay. In this case the maximum
theoretical data transmission speed can be achieved.

However in a practical network system, the transmission speed between two special
nodes is a more important factor and this speed cannot meet the maximum
theoretical data transmission speed. The Maximum Data Transmission Speed of an

Ideal CAN Firmware System determines the highest data transmission speed from
one node to another.

Table 4-2 shows the two kinds of maximum speed at various bit rates.

_9G _

Bit rate IM  [500k | 250k | 125k | 100k

(_bits_second)

Maxiniu dard::| 95238 | 47619 | 23809 | 11905 | 9524

76923 | 38461 | 19231 | 9615 | 7692

60150 | 32786 | 17241 | 8850 | 7055

49080 | 27397 | 14120 | 7229 | 5761
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Chapter 5 Software Implementation-

5.1 Introduction

As what is illustrated in chapter 3, the most important opportunity of this application
Is to realize an intelligent network card, with which only a few commands can fulfill
the communications functions. In fact it is very simple and easy to operate this
device that with only three basic commands of this network device, which are
mitCanCmd, sendDataCmd and receDataAck, communications jobs can be

built up.

The software of this application can be classified into two parts, which are single-
chip microcomputer software and the PC device driver. The single-chip

microcomputer software is coded with assembler language and the PC device driver
with C language.

In this chapter the software architecture, data flow sequence and task scheduling
mechanism will be introduced.

5.1.1 RS232 Data Frame

The PC communicates with the network card via RS232 interface and some data
compose a data frame. Every data frame can be divided into three fields:

e START OF FRAME: marks the beginning of a DATA FRAME. To be
compatible with the traditional data transmission method this field is made
up of 4 bytes that have exactly meaning. However a new method is also
utilized in this application to make the transmission more efficiently, This

new method makes use of CTX and DTR pin of the RS232 interface to
indicate the beginning of a DATA FRAME.,

* DATA LENGTH FIELD: consists of only 1 byte and indicate the length of

the DATA FRAME. The maximum number of bytes within a DATA FRAME is
16.

« DATA FIELD: can be made up of 0 to 15 bytes of data.

The data frames transferred from the PC are called command frames and the
data frames from network card are called acknowledgement frames.

5.2 Embedded Software

The single-chip microcomputer and its embedded software make up of the network

card firmware system. The software is programmed with assembler language and
down loaded in the flash ROM.

9.2.1 Source Files of This Software

The source files of this software are showed in table 5-1.

232CAN.ASM Main source file of this software., 1
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ACK.ASM Acknowledgement tasks definitions

BASICCAN.ASM | Tasks for SJA1000 in BasicCAN mode (CAN2.0 A)

PELICAN.ASM Tasks for SJA1000 in PeliCAN mode (CAN2.0 B)

RAM.INC RAM address definitions for 89C52

CAN_REG.INC Register definitions for SJA1000

COMMAND.INC | 232-CAN command and acknowledgement definitions

CRYS16.INC BTR definition with 16M oscillator frequency for
SJA1000

CRYS24.INC BTR definition with 24M oscillator frequency for
SJA1000

5.2.2 Definitions of This Software

Some names used in this application, which have special meanings, are: task, job
and task scheduling.

It is often essential to organize applications into independent, though cooperating,
programs. Each of these programs, while executing, is called a fask In this
application, tasks have immediate, shared access to most system resources, while
also maintaining enough separate contexts to maintain individual threads of control.

When a command is transferred to the network card, several tasks will perform
various functions to implement the function of this command. All of the tasks, which
are involved in this process, make up a job.

Multitasking requires a scheduling algorithm (task scheduling) to allocate
the CPU to ready tasks. Priority-based preemptive scheduling is the scheduling
algorithm in this application, with which the system can response to various
requests of the host computer and the network nodes more quickly.

All of the tasks and jobs depend on the hardware event and software event to run.
For example when a serial port input interrupt event occurs, it will trigger an input
task. The interrupt is handled by a special program called interrupt service routine
(ISR). The ISRs handles all the hardware event and trigger related tasks and jobs.

S0 ISRs is called hardware dependent software and tasks and jobs are called
hardware independent software.

5.2.3 Intertask Communications

The complement to the multitasking routines described in the previous patt is the

intertask communication facilities. These facilities permit independent tasks to
coordinate their actions.

This application supplies a set of intertask communication mechanisms, including:

* Shared memory, for simple sharing of data.

» Message buffers, for intertask message passing within a CPU.
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With these facilities the tasks can cooperate with each other and carry out various
jobs of the intelligent network card.

5.2.4 Major Tasks Outline

The major tasks of this application is:

1.

N oo onoa

PC data receiving task: to receive and store the data frames from the host
PC.

PC command compiling task: to compile the command from the PC and
inform the corresponding tasks.

Pc command acknowledgement task: to acknowledge the commands from
the PC.

Initialization task: to initialize the system.
Sending and receiving task: to send or receive data via CAN bus network.
Error handling task: to handle the error message of the CAN controlier.

Task scheduling task (main task of this application): to scheduling the
various tasks of this application.

Other tasks: tasks that perform all the other functions, which are related to
the correct operating of this application.

Figure 5-1 illustrates the relations of these tasks.

| |

PC data receiving | PC command acknowledgement

|

PC command compiling ¢ Task s;heduhng 3 Other tasks
Sending & receiving <_ > Error handling
Initialization
—>»  Control
< Data

Fig 5-1 Controt and Data flow chart

5.2.5 Task Sequence of a Typical Job

When the PC sends a command to the network card, the network card software will
start a job to carry out this command. In the following part the task sequence of a
typical command — sendDataCmd — will be introduced.
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When the PC sends a command to the network card, the PC data receiving task will
receive the data, detect the start and end of the command frame and transfer the
whole command frame into the command buffer.

At this time the task scheduling task finds that a command is ready in the command
buffer, so it inform the PC command compiling task to compile the command.

Then the command compiling task compiles the command and detects that it is a
sendDataCmd ( to send a data frame ), so this task will transfer the data bytes in

this command into the transmit buffer.

After this the task scheduling task finds that a command has been compiled and
some data in the transmit buffer is ready. So it flush the command buffer and
inform the sending and receiving task to start transmission.

The sending and receiving task will start sending the data frame via the CAN

network. If this data frame is transmitted successfully this task will return an OK
status.

When the task scheduling task detects the OK status it will inform the PC command
acknowledgement task to acknowledge the PC that the data has been transmitted
successfully (if the PC permits to receive acknowledge).

The PC command acknowledgement task will send an OK status to the PC and the
job finishes.

5.2.6 Interrupt Service Routine

Hardware interrupt handling is of key significance in this system, because it is
usually through interrupts that the system is informed of external events. For the
fastest possible response to interrupts, interrupt service routines (ISRs) in this
firmware system run in a special context outside of any task's context. Thus,
interrupt handling involves no task context switch.

The main ISRs of this system are:
e Timer interrupt service routine
»  Serial port interrupt service routine (input interrupt)
 External interrupt service routine 0

e External interrupt service routine 1

5.2.7 Initialization Task

After powered on or correct reset, the single-chip microcomputer (89C52) and the
CAN controller (SJA1000) enter the default status and are ready to run. The first
task when boot up is the initialization task, which sets up the single-chip

microcomputer environment, locates the interrupt service routine handler address
and initializes the CAN controller.

The main function and flow chart of this task are listed in table 5-2

Task name - - |Initialization

Main function - | Initialize single-chip microcomputer and CAN controlier

Related
interrupt

None
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C Start )
Y

Delay

Y

Clear Buffer

Y

Initialize serial
port

Y

Flow chart ' Initialize other
interrupts

Y

Initialize CAN
coniroller

Y

Inform PC
ready signal

Y
(. EBnd )

Note 7 i
Table 5-2 Main function of the initialization task

5.2.8 Task scheduling Task

This task is the most important task of the network firmware system and performs
hardware maintenance, task scheduling, error handling and other related functions.
This task is initialized by the initialization task and has the highest priority of all the
tasks. In fact it serve as the operating system of this firmware system.

One important character of this task is self-maintenance function, which can reset
itself by call the initialization task when fatal error occurs. In some other cases when

it detects error occurs in some component of the system, e.g. the CAN controller has
enter passive error mode, it will reset this component.

The most important function of this task is to schedule tasks. To implement this
function all the tasks of this firmware system setup the respective task message
stored in a special RAM area called message table. The task scheduling task will
polling the message table, diagnostic the task priority of each pending task and
locate the resources of the firmware environments to  the highest priority task

The main function and flow chart of this task are listed in table 5-3

Task name:-. : | Task scheduling Task

% ..» {Maintain hardware devices
Main function | Schedule tasks

i |{Handle errors of the firmware system

T



b 8ok ; B -4 gt S

Other functions

Thimer interrupt

Related Serial port interrupt (input interrupt)
interrupt External interrupt 0

External interrupt |

( Start )
>y

Setup hardware test signal
(used for printed circuit
board test only)

Y

Polling the message table

< Task is pending'?>i,

Flow chart Yes

- Resources No
B related with this
s task available?

Yes ¢

Locate the hardware
resource to the task

3

L2577 171 The self-maintenance function is not introduced in this table.
i 091 To implement this function a special macro program called
et 2450 | watch-dog macro are programmed in the last part of all the

ST S
?':-' 5

cefree i) software source codes.
Table 5-3 Main function of the task scheduling task

5.2.9 PC Data Receiving Task

When the PC sends one byte data via RS232 bus to the network card, a serial port
input interrupt request will be generated and the serial port input ISR will fetch the
data to a special buffer called serial data buffer. When all of the data of a frame
have been received and stored in the serial data buffer, the PC data receiving task

will be called. At this time this task will detects the type of the frame, copy it to the
correspondent buffer and clear the serial data buffer.

The main function and flow chart is listed in table 5-4
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Task name PC data receiving task

Detect the type of the data frame
Main function | Copy the data frame to the correspondent buffer

Clear serial port data buffer

Related Sertal port interrupt (input interrupt)
interrupt External interrupt O

C Start )
Y

Detect the type of the data

frame .
Y __ N
< Type is valid? _0
Yes ¢
) Detect the length of the
o data frame
) : No
Flaw chart- - < Length is valid? ——

Yes J,

Copy this data frame to the
correspondent buffer

!

Clear the serial data buffer

2

Inform the main task

Y
(C End )

2235 | If the type or length of the data frame is invalid, it will not be
v copied. In this case the PC data receiving task will inform the
4 | task scheduling task an error message number and return.

“41f the type and length of the data frame is valid, it will be
7« 8 copied to the correspondent buffer and the PC data receiving
- % task will inform the task scheduling task an OK message and
© /“freturn.

Table 5-4 Main function of the PC data receiving task

5.2.10 PC Command Compiling Task

In general the data frame from PC can be classified into two groups: Data transfer
frame and other frames.
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The data transfer frame, which is most important command, will be compiled and
the transfer data in this frame will be moved to the host data buffer.

The other frames are all command frames, which perform initialization,
maintenances and other functions. These commands will be compiled and, if
necessary, an acknowledgement frame will be generated based on the command
and status of the network card firmware and network.

The main function and flow chart is listed in table 5-5

Task nante PC command compiling task

Compitle the data frame
Main function |Generate the acknowledgement frame

Inform the task scheduling task a message

Related

. None
interrupt

C Start )
!

Compile the data frame

Y

Data transfer No
-
frame? 'L

o Yes \L
SUREIReS s o T h Generate correspondent
DIV SRR S e v 1 1
SRR Extract the data frame the information
G PRES S frame
Flow ciarfi v ‘L
g roan
3?55%‘* Cﬂpy the data to the host Generate No
i i data buffer acknowledgeme
IR g5 A
_r;%@;'ef;*;;_‘:v;g;‘%ﬁ:ﬁ@_‘éﬁ;@éi%fi Yes ¢ nt?
I e
L AR :
w2 | Inform the task scheduling ‘L
ot task -
Inform the task scheduling
Y task

e b Y
Bt L C End ) r

AR TR L IR .
DLW T o\_"f“o- -

Na!éf e
Table 5-5 Main function of the PC command compiling task

5.2.11 PC Command Acknowledgement Task

When an acknowledgement frame is generated or some data from the CAN bus
arrive, this task will be called (by the task scheduling task) to send data to the PC.
In this task the acknowledgement frame will be tested and then sent.
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The main function and flow chart is listed in table 5-6

Task name PC command acknowledgement task
_ . {Detect the length of the acknowledgement frame

Main function )

° Send this frame to the PC
Related =
. - . |None
inferrupt - -

C Start >
Detect the length of the
acknowledge frame
¢ No
_ < Typeisvalid? _—>———>
B es

Flow charf:. ;. Y l

ﬁshﬂg Send data

2

Inform the main task

Y

(C End )

Table 5-6 Main function of the PC command acknowledgement task

5.2.12 Sending and Receiving Task

This task implements the communications function between the single-chip

microcomputer and the CAN controller. It is made up of several sub-tasks and ISR,
which are:

« Data sending sub-task
« CAN contralier status polling sub-task
o  CAN data input interrupt service routine

Each of these sub-tasks and ISR maintains its own context and communicates with

the task scheduling task with correspondent messages. So this task can be called a
task group.

The main function and flow chart is listed in table 5-7

Task name ;| Sending and receiving task

Send data to the CAN controller

Main funcfio:rot_;;-; Poiling the status of the CAN controller
- | Handle the CAN data input interrupt
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{‘Ifl’m‘ed External interrupt |

interrupt

Flow cliart Every sub-task and ISR has its own flow chart respectively.
Note

Table 5-7 Main function of the sending and receiving task

5.2.13 Error Handling Task

A key characteristic of this intelligent network card is self-maintenance and error
handling mechanism, by which the single-chip microcomputer can maintain its
resources, react to the error message of the CAN controller, and (if necessary) send
some information to the PC,

The self-maintenance mechanism is implemented by the main task (task scheduling
task) and the error handling by the error handling task.

The error handling task detects the error status of the CAN controller and makes
correspondent reaction based on the error status.

The CAN controller can run in two modes, which are: BASIC CAN (CAN 2.0A) mode
and Peli CAN (CAN 2.08) mode. In BASIC CAN mode when a change of either the
error status or bus status bits occurs the EI (error interrupt) bit of the interrupt
register is set and a CAN error interrupt is generated (if enabled). In Peli CAN mode
several sources can generate the error interrupt which are:

« Bus error interrupt (BEI): this error interrupt is generated when the CAN

controller detects an error on the CAN bus and the BEIE bit is set within
the interrupt enable register.

e Error passive interrupt (EPI): this error interrupt is generated when the
CAN controller has reached the error passive status (at least one error
counter exceeds the protocol-defined level of 127) or if the CAN controller
is in the error passive status and enters the error active status again and
the EPIE bit is set within the interrupt enable register.

e Data overrun interrupt (DOI): this interrupt is generated on a ‘0-to-1’
transition of the data overrun status bit and the DOIE bit is set within the
interrupt enable register.

e Error warning interrupt (EI). this interrupt is generated on every change
(set and clear) of either the error status or bus status bits and the EIE bit is
set within the interrupt enable register.

The main function and flow chart is listed in table 5-8

Task name Error handling task

Main function |Handle CAN controlier error interrupt and other messages

Related
interrupt

External interrupt 1
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| Detect the error type |

Call correspondent error
handling task

Generate
acknowledgeme

Flow chart nt?

Y
|Generate acknow]edgemem|

Y
Llnform the main task l

End

Note ,
Table 5-8 Main function of the error handling task

5.2.14 Other Tasks

The other tasks in this firmware system response to the various event of the

input/output and single-chip microcomputer itself. The main functions of these tasks
are:

« Initialize RS232: if the PC want to re-initialize it.

* Response to some commands: get version command, read registers
command, write registers command go to sleep command, about send
command, acceptance filter command, self test command, go to listen only
mode command etc.

» Response to some acknowledgements: read registers acknowledgement,
arbitration lost acknowledgement etc,

5.3 Device Driver of PC Software
5.3.1 Commands and Acknowledgements Outline

The commands and acknowledges used in this application are listed in table 5-9.
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No. Command Acknowledgement
System commanls

014 [init232Cmd Initialize

RS232
436 leetVersionCmd  [Get version petVersionAck  [Get version
04 readRegCimd Read registers  JreadRegAck Read registers
030 writeRegCmd Write registers

‘ CAN2.04 commands

11h initCanCmd_a Initialize CAN

controller
124 jsendDataCmd a  |Send data sendDataAck a  (Send data
13 aboutSendCmd_a |About sending

ata
14h 12oToSleepCmd_a |Go to sleep

mode
13h receDataAck_a [Receive data
190 OverrunAck_a  |Data overrun

errorAck a Error

cknowledgeme

Initialize CAN
ontroller

Send data

sendDataAck b

Send data

IAbout sending
data

IGo to sleep
rnode

lAcceptance
filter

26k fselfTestCmd_b

Self test

274

listenOnlyCmd_b

IGo to listen
only mode

28h

receDataAck_b

Receive data

29k

errorAck b

Error
cknowledgeme

-
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V: value
Note ‘The number or registers to be read must no more than
7
No. 05h
Command Write registers
Format M O0ShRV..RV
R: register address
R: register address
|V: value
Acknowled [None
Note ‘|The number or registers to be read must no more than
7

1lh

- Initialize CAN controller

“iosh L1h A M BTRO BTR1

value of the acceptance filtering register

value of the acceptance mask register

[BTRO: value of BTRO register

BTRI1: value of BTR1 register

??h 12hD..D

Z1D: data to be send

»|03h 12h ACK

#52JACK: 00k — TX buffer full
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CATh— send Dk
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i 150
|€ rnpiand About .l;l..',ndinb dara
LA 02k 1 5h

L4 chpmwdedeeiient [Nonc

e _.i
N, 14h

Corrinarned |G o s cep mode
Formpat 2k 14k
'1fﬁfJﬂleL‘E-‘i{lfrlli"fr_r Mnne

. {18h

Mone

W Receive daca

| T3h L), LD

D data rezeived

AL L

Commanid _ [Mone

-.!H‘_!qll.'ff_éﬁrs?‘.‘._!‘lreﬁf | Data overrun

Farnen ok 19a

Note Data vverrun bil s cleared befors this

acknowledgement is zent.
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5.3.4 CAN 2.0B Commands

nitielize CAM eonsroller

chllh AC AL A2 A3 MO MI M2 M3 BTRO BTZI

value of the acceplance filtering regiser
¢ovalue of the neceplance mase rag ster

vilue of BTRO register

velug ol BTRI negister

data o be sand

03k 22h ACK

[ACK: 00k — TX buffer ful

Dith— send Ok




Ao R kMR L

Ac‘{knnw[qilrg'emenr.}‘ None

Note

. |24h

_IGo to sleep mode

02h 24h

None

i j25h

i3
+1Go to acceptance mode

15454
tien s 5ilo2n 25h

AR

S E S |
} 4 None

26h

Go to self-test mode and send test data

??h26h D...D

D: data to be sent

None

127h

1Go to listen only mode

|02h 27h

None
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|osh2EE SERT
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=
S|E: value of the emor capnune rezister
I

vilue of the receive errar counter

[: valug of the transmit error counter
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No. | 2ch

Contmarid+;. - |None
.. RS L ‘.
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:i2|Bus error acknowledgement

SEE Vel
i

L Jo6h 2dh SERT

=
o
-

Fo

S: value of the status register

E:  value of the error capture register
R: value of the receive error counter
T: value of the transmit error counter

5.3.5 Communication Software

Sample programs are provided in this part. These programs implement the

communications function between the PC and the network card. All these programs
are coded by C language.

¢  Sample program 1: Basic communications

Hinclude <dos.h>
#include <conio.h>
#include <stdio.h>

void sendCommand(unsigned charf{)); /*send command function */

void main{void)

{
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unsigned int receData{16]; /* RX data buffer */
unsigned char 1=0,)=0;

unsigned char msr;

unsigned char getVersion| |={2,0x03}; /* get version command ¥/
for(j=0;j<16;)++) receDatajj|=0;

/* initialize COM 1 ¥/

clrser();

outportb(0x3tb,0x80); /* set baud rate */
outportb(0x3£8,0x0c); /* 9600 bps */
outportb(0x319,0x00);

outportb(0x3{b,0x03); /* set mode */
outportb(0x3{9,0x0); /* disable interrupt */
outportb(0x3fc 0x00); /* initialize RTS pin */
receDatali]=inportb(0x3{8); /* clear RX buffer (COM1) */

receData]i]=inportb(0x3f8);
sendCommand(getVersion); /* send the command */

/* receive data */
while(!(kbhit()))

{
msr=inportb(0x3fe); /* detect start of frame */
H((msr&0x01!=0)& & (msr&0x10)==0)
{
1=0;
printf(*\n");
}
if((inportb(0x3fd)&0x01)==1)
{
receData[i]=inportb(0x3{8);/* receive data */
cprintf("%c" receDatali]);
1++;
if(i>=16) i=0;
}
j
}
void sendCommand(unsigned char* command)
{
unsigned char i;
outportb(0x3fc,0x03); /* send start of frame */
outportb(0x3fc,0x00);
outportb(0x3fc,0x03);
for(i=0;i<command[0];i++) /* send data */
{

while((inportb(0x3fd)&0x20)==0) {}
outportb(0x3f8,commandfi]):

5
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}

This program can get the version of the network card. The command frame
definition is:

unsigned char getVersion[|={2.0x03};
and the acknowledgement of the network card is:
¥ wNJU200 Veri .20

Another example of the command frame definition is read registers command:

unsigned char readReg[]={3,0x04.2};

This command can read the value of the register 2 (status register),
»  Sample program 2: CAN node self-test function

Hinclude <stdlib.h>
#include <stdio.h>
#include <conio.h>
#include <io.h>
#include <dos.h>

void int_ok(void);

void int_end{void);

void interrupt (*old_intd)(void); /* old interrupt vector */
void interrupt new _int4(void); /* new interrupt vector  */
vold init_232(void);

void x_sound(int xx,int yy);

void sendCommand(unsigned char[}); /* send command function */
unsigned char data_get[300]; /* receive data buffer */
unsigned int count = 0; /* receive buffer pointer */
unsigned int PORT = 0X3F8; unsigned char IRQ4 = 0x0c;
unsigned char LSB = 0x30; unsigned char MSB = 0x00;
unsigned char rs232baudrate[]={3,0x01,4}; /* initialize RS232 */

void main{void)

{ .

char ch; int i,j;

unsigned char initCan_b[]={12,0x21 ,0x00,0x00,0x00,0x00,0xfT,

Ox ff,0xff,0xff,0x00,0x1¢c}; /* initialize CAN controller  */
unsigned char selfTest_b[]={7,0x26,2,5,0,1,1}; /* self test command  */

clrscr(};

gotoxy(7,18); cprintf("1 - COMI1:3F8H, 2 - COM2:2F8H press<l,2> to
select"),

ch = getch();
switch(ch)
t

case 'I': PORT = 0x3f8;IRQ4 = 0x0c; break:
case 2': PORT = 0x2{8:IRQ4 = 0x0b: break:
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default : break;

}

clrscr();

gotoxy(7,18); cprintf("0 - 115200 1-57600 2 -38400 3 -19200");
gotoxy(7,19); cprintf("4 - 9600

Y -4800 6-2400 7-1200"):

gotoxy(7,21); cprintf("Please select. Default: 9600"):
ch = getch();
switch{ch)

}

d

case '0' : LSB=0x01{; MSB=0x00; rs232baudrate[2]=0; break:
case 'l" : LSB=0x02; MSB=0x00; rs232baudrate[2]=1; break;
case 2': LSB=0x03; MSB=0x00; rs232baudrate[2]=2; break:
case ‘3" : LSB=0x06; MSB=0x00; rs232baudrate[2]=3; break:
case '4" : LSB=0x0c¢; MSB=0x00; r5232baudrate[2]~—4 break;
case 'S5’ : LSB=0x18; MSB=0x00; rs232baudrate[2]=5; break:
case '6' : LSB=0x30; MSB=0x00: rs232baudrate[2_-6, break;
case '7' : LSB=0x60; MSB=0x00; rs232baudrate[2]=7; break:

default :break;

disable();

clrscr();

delay(100);

init 232();

old int4 = getvect(IRQ4):
setvect{IRQ4, new intd);
int_ok();
sendCommand(initCan_b);
delay(100);

sendCommand(selfTest b);

while(ch!=27)

{
delay(2000);
if(count!=0)

{

printf("\n Receve:");
for(j=1;j<count;j++)

/* initialize RS232

/* save old interrupt vector
/* set new interrupt vector
/* enable interrupt

/* initialize CAN controller

/* go to self-test mode
/¥ press ESC to return to DOS

cprintf("%3x",data_get(j]);

count=0Q;

}
if(kbhit())

ch=getch();
else ch="k";
§
int_end();
setvect(IRQ4, old _int4);

void int_ok(void)

{

nt da;

*/
*/
*/
*/
*/

*/
*/
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oulportb(4x20,0x20);
da=1nportb(0x21):
da &= 0x80;
outportb(0x21.da);
cnable();

j

void int_end(void)

d
it dat;
dat=inportb(0x21);
dat {= Ox10;
outportb(0x21,dat);
outportb(0x20,0x20);
disable();

;

void x_sound(int xx,int yy)

{

sound(xx);

delay(yy);
nosound();

;

void init 232(void)

{
outportb(PORT+3,0x80);
outportb(PORT40,0x0c¢);
outportb( PORT+1,0x00);
outportb(PORT+3,0x03);
outportb(PORT+4,0x01);
outportb(PORT+1,0x09);

delay(60);

outporto(PORT+3,0x80);

outportb(PORT+0,LSB);

outportb(PORT+1,MSB);

outportb(PORT#3,0x03);

outportb(PORT+4,0x00):

outportb(PORT+1,0x09);
}

void interrupt new_int4(void)

{

unsigned char iir,msr;
disable();
msr=inportb{(PORT+6);

/* set baud rate 9600 */
/* LSB */
/* MSB */
/* 8-data,1-stop,no-p */
/¥ RTS =1 */

/* enable receive,modem interrupt */
sendCommand(rs232baudrate);

/* set baud rate */
/* LSB 0Oc is 9600,30 is 2400 L.T.B */
/* MSB */
/* 8-data,l-stop,no-p */
/*-RTS=1" ¥/

/* enable receive,modem interrupt */

/* frame header information */

H((msr&0x01!=0)& & (msr&0x10)==0)

{

count++;
data_get{count]=0:

/* detect start of frame */
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|

count+4;
ur = mportb(PORT42) & 0x07: /* interrupt 1D, register */
switch(iir)
;
case 0x04: /* receive data */
H{ (mportb{(PORT i 5) & Oxle) == 0x00)
!
data_get[count]=inportb{ PORT);

! /* no error */
else

t
inportb(PORT);
x_sound(100,10); x_sound(1000,10);
data_getfcount] = OxfT;

f

break;

h

outportb(0x20,0x20);

enable();

}

void sendCommand(unsigned char* command)
{

unsigned char i;

outportb(PORT+4,0x0f): /* send start of frame *
outportb(PORT+4,0x0¢);

outportb(PORT+4,0x0f);

for(i=0;i<command[0];i++)
{
while((inportb(0x3fd)&0x20)==0) {}
outportb(0x3{8,commandfi]);
}
;

This program initialize the CAN controller to CAN 2.08 mode and send the self test
command. Press ESC key can return to DOS. The command definition is:

unsigned char selfT est_b[]={7,0xi6,2,5,0,1,1 }.  /* self test command */
The acknowledgement of the network card is:

72825011

The 28" is the acknowledgement number of receive data.*2 5 0 1 1’ are test data.

I
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