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Realization and Improvement of the CAN Bus Transmission

via the Active Adjustable Priority Scheme

Student: Yi-Ting Hsueh Advisor: Prof. Pau-Lo Hsu

Department of Electrical and Control Engineering
National Chiao-Tung University

ABSTRACT

By using the Borland C++ Builder software, a controller area network
(CAN) bus simulation system is developed in this thesis. Furthermore, results
of a hardware system with different bus_loads and nine CAN nodes, which
combine 8051 with SJA1000:standard=alone CAN controller, are compared
with simulation results in three“indices: (1) the average transmitting time, (2)
the missing deadline percentage; and (3)-the lost-message percentage.

Simulation and experimental results‘indicate that the rate monotonic (RM)
scheme and the deadline monotonic (DM) scheme, which are formed as the
fixed message priority during the period of transmission, successfully transmit
the higher priority messages only in time. Therefore, to develop real-time
changing priority of CAN messages in this thesis leads to two adjustable
schemes: (1) earliest deadline first scheme (EDF) and (2) the proposed active
adjustable priority (AAP) scheme. Theoretically, as messages are going to miss
their deadlines, the EDF changes their priorities immediately while the
proposed AAP gradually changes its priority according to performance of
message transmission. Physically, the EDF cannot be implemented on real

hardware system and the AAP is adopted in the present experiments.



Experimental results also indicate that the DM+AAP presents the best
performance in the missing deadline percentage and the RM+AAP presents the
best performance in the lost message percentage. For network control systems,
the deadline for the sensors to provide the measurement is critical for
performance and stability in feedback control. Therefore, the DM+AAP
scheme is more suitable as bus message load increases. On the other hand, as
messages of commands for each CAN node is more important, like in the
synchronization for multi-axis systems, the lost message is become more
critical in contributing the errors. Thus, adopting the RM+AAP scheme is

recommended.
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KPR RFEF 4 BEAERFFZBESBER- B AEED
0010-0011+1010 si* $* % » 2% 1 B i enpF3] > # 3 % 5 1010
SR E A R EE S £ RS 20 % 3 A chiftip
o310 % 4 menpFy) o 0011 i gh G R3NP g 0 3k
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B FIRAEER S - # R F 5 0010 chib gbv e {7 % o

¥4 % (Control Field)

BHRFEBEA T 2EALETEA S RELALFHER (S
% 4 fi£{?# . & 75 (data length code) » * k%77 At T 1=

b e (byte) h R o - B TR R ox f
(payload) 5. % = 8 B =~ » s TR & RIFF e &
0000-1000 -

7 # % (Data Field)
FESEGTBENTRIT R e FTREFOERANEA 2L E
o ERTCTTYBFEOREAEKIV S B8 BEAE  EE FEL
BEPTRALES B PIEHFEY - BEEFE-

% 5 4275 % (CRC Field)

“% ¢ 7 7 /%3 4R S 7L(cyclic redundancy check, CRC
sequence) £ 3k % 445 (CRCdelimiter) - 757k 7 &g+ #5 5
78 ;% 7 (polynomial code) » @ CAN #r * eh g 4 5 78 ;% (
generator polynomial) %

XP XM XX+ X T+ X+ X341

& - CAN & 2403 p - Apleeng 3 5550 - 5 £ B TR
G)FEF > 3 3 & BRIUR R TR R A2 B i
7 B 7|(bitstream)4 5 — B gy 3 0 &
MR RS IS A hiETR SRR A T & AR S N (R tRAs
R AR SRS G R 5 )R A 2§ 38 0 11 2 ehekdici2 (modulo-2)
ﬁ%04%%ﬁv%%%%@ﬁﬁjﬁ%ﬁ%%ﬁﬁ%ﬁ%ﬁﬁ
B SRIGE c BRIABER L LI BIFELE~ -

FE 33 % (Acknowledgment Field)
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FERTE & F 0 2 o 2w it (ACK slot) mrznid i (ACK
delimiter) o i&/ i 7 f g i% & Bhix 153’:3'3%‘; iV 3 s

E_E/n #k F m*‘{-‘i

1
5“&?
[pa)
oy
Z*E

FEE o
® 1 1=% it (End of Frame)

g d 7 BEEH e 57 - BFRFEGHEFE)

ik e

24 =/ g (Interframe Spacing)

WA/ IR & 35 ¢ #7995 +=(intermission) 2 = sn B & (bus idle)> 2 * 4 £
FOLFR RTINS ST U R SR I o ¢ RTF S

Fd 3BIEPR A EA > Y driFieaukiey o 2L A T ¥
il TR s S e B E R AT NP M U

/

hig (T ends it b0 SRR A2 (5 3 BIRBEALAME) &

*.

[y f{'@@ﬁrﬂaﬂ%*ﬂ"‘l/f IR e »F A G oS Bt rv'ﬂ?q:ﬁé.‘,gﬁ

(e

™
f\i&
S

BE@E > Pl r WA DRAEET BT A DS
122 (81 SERR B > e RIREF R a0 AR

#i¥eh %r!}é.—%’ﬁ"’“ﬁif% 7@ o
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25 PERfE# CAN (Time Triggered CAN ; TTCAN)

— 4 CAN &_i¢ * ¥ 3 (event-triggered)> ¥ 3 § 7 ¥ 2 2 FF ¢
BEEET 2 mipiE o PR PE CAN (time-triggered CAN ; TTCAN)
5§ L F PR A e (time-slots)# i > Flt - K@ E S f]k,ﬂg, =

WAL E R RS SR e B T AL L '«@%] o ¥
NN < 4 A\ﬁpﬂh(SOF)ﬁ%J M TR AP A AR TR L R
T & e CAN R i (728 g & D)6 ey ORI & s M R
34 enfEa) e 515 TTCAN chid i3 g1 pE ¥ 4 A & %% 0B %> #7102 TTCAN
m’;ﬁﬁﬁ? CAN 7 &£ 3Fh% o2 7 I eraps & 3 TTCAN ac i€ 975 ch& 8t
23 A enisd] o ¥ o TTCAN il s gy B % >+ L5500

ol it 5 B EE L AR PERE I E a2 g4l

“Er

TR s g PV '/Tm%ﬂ“gp ;45 : TTCAN &% ’f?."’t’ @%} VLR
TTCAN £ CAN et #i%2 o
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2.6 TTCAN &%

TTCAN 3 $4c ] 2.3 #7775 "TTCAN - R 1 CAN 7 7 73 B2 i %
B o jg 3 se fR 8 (Trigger Memory)fr ik # &2 7 1§ (Frame Synchronization
Entity ; FSE) - Trigger Memory &_#* & @ pr fF ff 3 et & 3% > v € j5

message RAM # B~ #r 3 et 4 > fie & FSE A srenpf [ Bhd2n G 0 o

BLOCK DIAGRAM

CAN_TX
=

CAN_RX

CAN Message

Clock .

Reset
> Message RAM
Control - [N .
s|& 8§ (single ported)
Address ‘E % '%
2lo o
Elg & 1
DatalN 2l O v
gl |
E S |5 [e=—> Message Handler
[
E)ataOUT o O
Wait .
- Trigger Memory
Interrupt .
I Trigger I
SWT, EVT
o Frame Synchronisation Entity FSE
™I

1 23 TTCAN &2 1 [9]

FSE &2 TTCAN il # % 4> v £ - i % fi #1241 % (state machine) »
#ril Time Triggered 3 & ehif i@ » FSE chZ¢ 4o §) 2.4 #777 © FSE 7 lm 4

®LTE R A R B
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TBB : Time Base Builder

CTC : Cycle Time Controller

TSO : Time Schedule Organizer

MSA : Master State Administrator
AOM : Application Operation Monitor
GTU : Global Time Unit

c
tc
R
Time Time_ 3 Reference
r ol
Mark select Trigger 2°c Message
m‘-
= O
! | [ u-0| t
CTC
<
=
TBB

F

1 44 l
v s| Il '
Watchdog E o § E Configuration Global Time
E% o gxternal o
< ynchronisation

B 24 FSE % W [7]
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27 TTCAN i~ 3

/i & TTCAN chiligi2 o » £ i 5 TTCAN ehfk 43
® %7 4 (Reference Message)
TTCAN %R 4@ 2 % > ¢ o master node 77 £ i# i — i Reference
Message » % 77 & B4 B L0 > BT k¢ @ﬁlﬁtf{&gm A4
B 2.5 #7F o

® = AR ¥ (Time Windows)
%= 1 Reference Message ®» > % 4~ = % % & Time Windows > Time
Windows #Z & *x ¥ % F #:% 2 & - Time Windows 4 = 3 fa:
Exclusive Time Window A2 2% itﬂP M 4 0 Arbitrating Time
Window =¥ A 4 4 5958 & (spontaneous messages) f- Free Time

Window ¥ &% } 5 & fEHE0%E #‘é{"@ﬁ CR= ko =8

oo
sharence Exclusive |Exchsive| Artitraing | Free Excusive  Exclusive voe
mlm« Window | Window Window | Wincow der emg '
Time Wirdows
for Massages

@ 2.5 TTCAN ¢ Basic Cycle @ #5% # [7]

® L # 957k (Basic Cycle)
w7 i Reference Message i #f pF ¥ 45 Basic Cycle - Basic
Cycle ¥_TTCAN g&@ﬁ%ﬁi To#e & 7 %% B Time Window &
BETH
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® i tiiErL(System Matrix)
dr% Basic Cycle 7 i i% K¢ % & eng 4> TTCAN iogx#ia 8 B
Basic Cycle = & = — i System Matrix % &% 4, > 4§ 2.6 #777 -
e System Matrix #2 & -+ i Basic Cycle i» & 12 Reference Message

e % % Ig# & Basic Cycle -

Tawsnissn ColEm
: —_— r £ i i : ¥
B Cyele e 1 — ) . &k Tirw
ﬂmai hcl Artileation :mw: WemapD - Mg D
F i .
: 1 : T ' Qkba Time:
; & i hsg
' ; Skkal Tire:
- b Mg
Hq’-" r”’lc
o R

26 TTCAN s System Matfix i % 4 [7]

® [ iz (Time Mark)

Time Mark £_* % &2z > & i Time Window % Reference Message

8 5 P REED s AR 2.7 A1 o

@ CycleTime 3 @ CydeTime

5 p

s s wow 8 M5 1
= | k= -
1 L] e |

9 19 20 33 38 82 2 13

TTCAN's cyele time and the time marks
B 2.7 TTCAN epF F 32 [7]
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TTCAN ﬁv@ﬁ%l A_it g5 Cycle Time # #_System Matrix =8 5 % & % 3
A o TTCAN & @ ené 87 7 & frig #73 2 BUS e & > & 8L 7 7 ik
¥% Reference Message 1+ 2 Time Mark & i#i%31 4, o & 8L g,?u% mER
& B e ldentify © F]pt TTCAN 7 € 5 4 4@ 3¢ 4 (lost arbitration) £
ARRE L .

2.8 CAN & TTCAN st i

TTCAN 2_#7r2 ¢ J1 3§ %] % event-triggered CAN 2§ I # ehpF#% > 4
Bt X3 - 1B master node % 1 MRS S i i 0L S g RO
i A F S AP AEE R FE g UL B ¥
M PR GFL o LB T RRA TR 2 el g B
13 o e TTCAN j& &7 p38A & > TTCAN #73 z’v”l@;%?ﬁ”}i?fﬂﬁi@
timeslot» & BLF 2 & A3z PR 2 B3z - TTCAN & Fl 4 4ot H
Bixot g B FIL TG il SRR BRI kAL o v ARG
Bii® 347 0 2 iR F e CAN B s fif 8 sEfE o

d *> TTCAN m:f%l?‘_%gd PRAE RBERL > T AT ERRREA
et (R E A TN (L - SUI I A (T R e I R ST Sh
%@ﬁﬁvﬂ?ﬂiﬁﬁéﬁank’ﬁ%a@mﬁﬁﬁ%iﬁiﬁi

2

8 0 TP - B P BOEEE AR S 2 B3k & TTCAN eyl mT™ o

>

8228 TTCAN £ %15 7 2 Z & 4 M1 » R &R &_event-triggered CAN
g 2 o TTCAN R st X3 A& 0 2@ Frig * e CAN 2R @ &

event-triggered CAN -
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3.1 CAN & 4230 3 A 47

4 MCANH IR A A R P URA A5 - B LA S

oM Ld ket gy - AE BL S HE > 4 k-

® g A
¢ static scheduler
¢ dynamic scheduler
¢ planning scheduler
® %3 d kip:
¢ rate monotonic scheme (RM)
¢ deadline monotonic scheme (DM)

¢ carliest deadline first scheme (EDF)

BTk G o AR B A T ML B LN ik PR AR A R
ﬁ@ﬁ’%%iﬁ%—%ﬂgﬁﬁﬁ,%, FR B Re AL o a2
4r% # 3> TTCAN&ZE » F] % TTCAN & £ ;I% e &_#-21 4 A System Matrix %
@i¥ > ¥ matrix & ® % 20 & AP dFmessagef @iE o AR A F L o B
® g PCANAr: B i — B L4 > FA TR B 5 g L&k
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7L o
P ¢ o0 A& event-triggered CAN ke 78 HE BT M B 2 AL AR 0 T 1Y

F_&

JGEERBYALIE KRR RIFLAT o fRIZ S - SR A LD
WO R R NP e TG € 13 dmidy i gt BN W) e AR IR

h -

32 AREE IR

3.2.1 rate monotonic scheme (RM)
RM scheme® _— &8 #* {2 4 et 4223 ;2 [11] 97 * 77 VL e
G A FIARE ik LR o R i EgdE o SO H v R E g L
B3 o %ﬁftb # 24 z’v’ﬂ@;iﬁli 5OEwZ e A CANG 2k % _F ¥k F o A F
R e 4 d 40 & CAN BTN @ 4%
AT PR RO i U E o i CANERR AR

=\ _——"Jk'
)
Y
ok
T
(lh-
<

@i s FpallB a2 > CANR 7 UHF L 229B =~ >
fe gt =k € 3 4ok Siipoverhead » F1 5 F 4 i@,ﬁ%llm; Ao
é?ﬁ%%ﬁwi%ﬁﬁ%maﬁﬁﬁi’%ﬁwﬁﬁba,gng
AALFH AR -E AV RFFTTAREATAZENL > #F B L
i F AR g AR o SIS L s o B RUF e F 2 e R34

’/‘F o
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Penaod

T

unigue
codes

B 3.1 RMscheme # 51 & CAN @ 4§ 0= 3U

3.2.2 deadline monotonic scheme (DM)

DM scheme? RM scheme {%4p i » # i — B £k 8 chk @ 5 95
¥ — i &t deadlinesn& & 5 & J5[12-14] - deadline&_% siiv 7 L3 L & &
G PER > ok L L G deadling LT i A 8 AT R

DM scheme:r8 ;2 8T & losudiap Bi3g 8 7] % @ﬁ%]ﬁf?%“i’é@
deadline#73% > F]pt L fEarig B B i% 12 deadlined® T ezt & B A EAR R o
d 2> DM RMz2L ¥ A4p iz > B IR enE 2 IRMAR e > -5 i & ID} e
¥ Hp# A deadline ° 5 7 ¥ 4 iE NIDEAT R % S £ 0 P I AT RUEST 9 RM
fpke o AN BBEARERE B LMAE- o BB PP s F S U4 E]3.2

':"l-i-—/-r‘ o

Deadline

T

unigue
codes

B] 3.2 DM scheme # 77 % CAN i $44# 0= 5\
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3.2.3 earliest deadline first scheme (EDF)

EDFE - #&# fi et 42 2 2 [12-16] > ¥ *RMZ DM% fo > H R I12 § 3%
B ifdeadlinesst & > # i en s H AR Hieg R F oniphiEo

SRR RO B e 4 iEddeadline T Y eh R 0 B %

«r‘t

P

v
,i

A

}F'{E

FTRS D E IR E A & - B Pk > S RS LR

deadlinesp# f £ (13.37¢ D) > & o TRy =/ 24 7 > 4oB33977 o
SOE1 / SOE?2
* -
: : : » 1ime
d
D G
D
CAN Identifier

® 3.3 EDF ev§ 3> 3¢

g ek & ID ¥ deadlines g = F § wSOEcpFiz { 7> ¥ & Jf dF 3™ -
<SOE 5 1+ o A& B3.37 ;&3 4 is & Fi7deadline? st { :xIDepF F 8L 5 di

&3 4 ishdeadline - SOE1 %2 SOE2 ¥ _# = { :xIDepF 8L > & =

TSOE#7T4p £
Ao wF MEDFpRiz » 8 R i {8 5 iTdeadlinesHSOE { 1D

T A DER B e T
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d,—SOE, =1+D

d —SOE =d —Hz

D:d,.—Hl—z
I
t

- di _({EJ_I)Z

t: current time

[: depends on what fraction of CPU time that allow for ID updates

e f ¥ i event-triggered CANAE_T /X 5 IF ) FFF% ey & L5 %3 i1
SOE®: > F] 5 & B Len@E b2 o g3 ) 6 DE - @ i
APed - BRH PR BEBALE L - BREFBL AT MR i R
busps e fi @ & & e B £ JAICANG 2 7 it « TICANenih fiy £
cycle time'Z % system matrixe 1= 3% » — =X @iE4F S B i > ¥ TTCAN s
R 5 R d > RSl BE N B R F T Xreference message

A CAN2.0b ¢ pt = 2 ¥ 2 ¥ {7 » 7] 5 CAN2.0ba& j# 17 &v& B2 4, ek
o RFREME R P o B R AR SR A RCAN2.0b o B2
FRCAN 2.0bi 3 Fo ) ePpei% > @i drsg sl g2 vV o s BRERF gLt » 2 B

2t 4 deadlinesn& & o w EDFH 4 A3t #-P-#iTdeadlines3n 4, @32 4

)

W 3 BEDF e #d iy * B g i

-~

4 fRAEYR = & B & iTdeadlines 30 & > &

mCANL ’ eru#!tql i %\.ﬁ;ﬁ\:’ lR—?ﬁx'ﬂl’\i - IE; If'fu y — JEULV/Q)'L‘/ 1 ’

e

|
i

f pF A PodgiTdeadlinezs w > Hedomv m - B gElie 00 # ik B

il LA > € 2 4 AL 49 P PF fudeadlinez miE > H A LD SV Ao B]3.4497 5T o
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Before EDF

After EDF

Bl 3.4 A~ 2 EDF A i ff i = 0

3.2.4RM > DM EDFeh &

8L £ 4279 25 RM scheme£? DM scheme » F_B-EE 278 25 F i it
L A B E‘T%FJ,Z#E%EEEJ_%EDF&%-&?TFM e IR - B R
rR o BB L3 NrB3.5%mm ¢« B Wewmm - Brr 5 - BiEART
LEDF > g 3 4 £iTdeadlingpF > #-p e d 12220 Rfsm PIF A B~

1A L IDEFE - e

period
T f unique
codes
EDF
(a) RM+EDE
deadline
T ¥ unique
codes
EDF (b DM+EDE

B 3.5 RM,DM ¥ EDF i &
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3.2.5 active adjustable priority scheme (AAP)

d **EDF A m #8 F &2 R R > FI Ah 2 | DAAPRL > AT &
EDF7 #ple ehped » EDFE_§ 3 L @i 7 03 ahpriz > B 48 2o 4en
B B LA TED o AAPE B - BT RS o RN
BT 0 L R o B LR 2 TR R ATk

L FZAFLGE - R GEE > Ty R ER L iR

AAPHPEL 40T
(D# LR G AR A A Ma o AN R Rm o NI B0 @
Lt FRDEF AR NTMeL X0 EPAFEAR DA
aye
QM*ENi@ﬁﬁﬁﬂ%ﬁﬁﬂﬂé%%ﬂﬁmw—&mﬂy
(3)4r% AN=x @ﬁ%lﬁﬁv‘ S t<y RS Bf A2 E (m)Z - &(mtl) o

(4)de% LN BHEAT o FystexPling Bf‘ AR (m)F % o

B4ed M=3 > N=10 > x=10 > y=5pF » 2 & 8 (T4 :

(1)AAP#-3n %fum?f LAz R & & = %(index] ~ index2 ~ index3) » 3 4, ©* FL4F
YoBI3.6%77T 0 F Bk — BT F UL SR G index2 o BB L B AR epE
R gh gk =% f@ﬁ%f&ﬁf - BHo

(2)he% L =g @ g 3 o R3 L - %(index]—index]1 -
index2—index1 ~ index2—index3) °

Gck i3 - 27 =x®E72 I3 > Pl L ¥ %7 ¥(index]—index] ~
index2—index2 ~ index3—index3) °

@DFEALFREL A0 BE2 N3 5 B LB B - &(index] —index2
index2—index3 ~ index3—index3) °
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k__v_.-'

1 1 - index 1
0 1 - index 2
0 0 -- index 3

FI3.6 AAPf2l & 4P cnd =

3.3.6 RM ~ DM AAP=n% &

RM ~ DM# AAPin £ v 2 EDF3 & 4p i > F] 5 % fi 23 AR et fg =
B PRMADME £ 302 3 R chp 5 o B2 8 3 N 4cF]3.740 7% o B
m oA B T SAAPH B iR A o H Aenie A BRRM & DM 4
FE o

period
—— ) unique
AAP code
(a) RM+AAP
deadline
m—— f unique
AAP code
(b) DM+AAP

B13.7 (a)RM+AAP A3 4, # 3448 ek > 50

(b)DM+AAP 31 4, # 4 ek 3 0
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B R R

AAF P oBEFRMEH s Phgg 3 jE gt fop H TP o e 2 Jf#CAN
SHCRICRE > R SR D2 stk - T35 @ i B (average
transmitting time) ~ & T pF 1§ Y30 4 +* | (missing deadline percentage) ~ 3 4,
i 4 - |(lost message percentage) © B {$ 14 = B g ¥k 17 5 3= chik gz > I 4

179 % B F BT

41 B2

411 FR%EH

B A SRR R FAEAR D N eniRar Bl 2E 2 - B oA g o A 17 CAND
B UE R AT ARA TR B RE B A A
~ ¢ I * Borland C++ Builder 5 £ = — B CANe s 48 » ## CANU 4

ﬁ@ﬁ%ﬂ’iE%&?%Jéﬁéﬁw@oﬁgﬁﬁjzﬁﬁm%ﬁﬁ

HCAN L B etk LA A R > & 7 L e @B HORCANG B 5 > o
%xMNm@ﬁ{uwmﬁﬂﬁam§ﬁ¢4+,M%ﬁmm{ EL S
ARG o vt 2 SR B R R A

g Rl & R L0 S A SR T ARl A
B LJRHRATT BB AR R R e T R AT o AT TR ST
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ring A LR A E %@ﬁ%ﬁ?ﬁgﬁ‘—?&«’ @ﬁ%];%& e A BRI Z GG ni@ﬁ%]@ﬁi
Pk S o AR o “swﬁyﬁﬁiﬁﬁyo&#ﬁ&
AP R A BERE fARESTE L o - BEREY kissrE
BUS & %lm L 4 (BUS queue database) » ¥ - B FALE * % 24-BMS @ﬂia?] =
720, (transmitted message database) - BUS queue®? transmitted message= i
FORE AR i de 2 419757 0 d R A1ATT Arie e B ROR T L se s 4

LT CESE TS

BUS queue database transmitted message
database

identifier identifier

length length

period period

deadline deadline

enter time enter time

lost lost
leave time

250 28 ARl 19T 0 & BRI R lﬁ@?lm 2 A % 3IBUS queuesh g
FLE o X% B~ PP PR TR ¢ Tenter time g ePff 0 97 4
;-.’K_iif »~ BUS queue® % & L:?;ﬁ;f] o 4rd AT Xtk a4 %~ BUS queuef¥ o
BB ALY RAED QX Pt gL B e b Tost e i o
Bl L R Thid ﬁ?] i# B > j¥BUS queuei# » transmitted message 1§
FLE P > 1N A2 g e = @1; ) Vf— eSS ki mmr’}; F.K,},l BE L e
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® BUS queue 7 A B crps ¥ 8k > #-H 2o 45 B transmitted message F L E €5

Teave time 5 4 = > 12 > if {8 Fenmd7 o

BUS queue Transmitted
message
Database 1 Database ?

Bl 4.1 CAN BUS fiC#t 5088 778 B el 17

4.1.2 #2550 AR

FERBARART & 2 ZIBRR e S R s g A AR A R B AR
i AR % ¥% 4 § Message Threadenf® st iz 5 % = ¥R i» £ BUS
Thread s42 3% 42 o

® N anAR
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l Initial |

Enter
Simulation
Data

F

Start
Simulation

Message

Thread Thread

F

(Generator [ (Jenerator

BUS Thread J

Thread 1

End Simulation:

Terminate All
Thread

R
Start

Analysis
—

 EEEEE—
End

Program
-

B 42 CAN BUS #2475 4 /42 B

€ Message Thread 5 42
FRARN R S 1 edR KRB Tt Afesie &
I & gL 3R — 4 17 5 (Thread) k& 2 7 0 4 17 5 ¢ & fRK LTI (2

WA iE »BUS queuesn T AL E P > FEHFE Y ¢ 3 gt Threadsrst & > B

Fom L - BROFERPMBRAED B Tlosty (i 24el > 457

BEAT - BUL FTREY RSB 0 BB L RE AR

R FHREY o A N eR439 5 o
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Does
this message
exist?

No Insert this message to
BUS queue Database

Rewrite the BUS queue
Database “Lost™ {add 1)

| |
l

( Sleep message’s
period time

Record message
“Enter time”

B 4.3 Message Thread ;= 47 B

€ BUS Thread &7~ 42 8]

BUS Thread 173 & A5 1 SEERCANED B i > 0 3417 4 € 12 R 730
el ﬁ%]zi B o 8 Mg BUS quene Database 4 4_g A & § oo 4 o &
gt 2 4 andr g TR o 4 3 RBUS ‘queue Databaseshps [ 218 »

B -

Transmitted Database1 T Leave time j 1§ = > = = if (& & e4 47 o

S AcBl4.497T e

Is BUS queue
Database empty

1.Take the highest priority message
from BUS queue Database to
Transmitted message Database.
2.Record the Leave time in the
Transmitted message Database
“Leave time”

B 4.4 BUS Thread /+ 42 1]
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4.1.3 R x4tk
® ITing ﬁ%l pF ¥ (average transmitting time )
APk sem 2 iR AE R 4 en T ii:ﬁ;i;%?lﬂi‘r’é& v LT FREER kAL
m@ﬁﬂﬂ*«‘% K mlﬁﬁjfﬁ*ﬁ&ﬁﬁ‘r%%@ﬂ'féﬁvﬁ cIpE 4
4o % 20 g T ir"!@;%lﬂi‘}miﬁfv’ kg gk

PR R BRI o g E T 0B

=

B JLCAN BUS 118 i 5% (URJE -

(5 =R-MB SRz e I M@%,EE?F'*
% @J ¢ ¥4 eI 2 ,—u Q'J:g‘

lﬁ@ﬁﬁﬁz

® A TrpFimifin it & (missing deadline percentage )
BRSO eh kY 3 A iRetgd yRi F A H ok 0 - A g g
deadlines73% 3+ » 3 4 4% 45 ildeadline P ¥ iy 3 = % SLiF (T e4E IR o

Z

Toersampling time % 3+ 8 5 iF enfg 6 1#

&=
"
F_
am
e
Bt
DA
S
X
~=t
!

FowH 2 SE T EEHEFNE S LGB BRETEE > R E

A TER B LRk A A kT 82 F] 5 deadline ¥ - B

AT @R A L B
i@ﬁ%@ﬁm;ﬁh,— EA I S U R s I

0
@ﬁ;‘]%\'ﬂ _FJ’J;.TL ,;.Jﬁftg_ x 100%

® 4 4 i (lost message percentage )



AL BENL > R BB o

/)»}i @%I Iém%,\,l@:&
T @ﬂiﬂ_ BRI

ESELE NI x 100%
414 #2314 h
A2 im A == BB F & :Messages > Simulation!? % Analysis © % — B

.o [Messages)] 4rBl4.5%777 » J* F o e % 2§ G fBAr & kR 4 - A

1

Fkey in message j 5 =¥ 7 & a‘%ﬂiaa] L %J O El N S S A
R FE > BEW L R R 0 L enik ) 0 % 4 shdeadline o %J)\—
% 18 > 47 [Add message] g4t {8 o 2 4 € IR T Message information g
PoRFVHETE T - B Lo Ly MR- X @“J ~ 5 % T Message
filey #f ¢ [Open]dedt > ¥ M BT T et L4 AR KRS ¢ IR A
I Message information # - o I P F'Message information g —‘}‘.;K? B
Fig e 13 ee R {8 B 05 A% ( TMessagefile ; ff ¢ #[Save]deée) ©

& &~ fiLfE o 0 42 [Enter message to-simulation]sndi-4 0 & L S B E
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k- NEX)

l Simulation ] Analysiz ]

ke in message Message infarmation

Identify / Lengeht / Period / Deadline

Edit

Add message

tMessage file

Open Save as Enter message to simulation

B 4.5 gm,iﬁ%]/\ fi

%= B F % [Simulation] #* /i 3k L CANHRR 20 &7 | ITRE
CANE’?”J@;%?] » BB E % K3 4eB4.677 o B T Simulation option 5 o
2% f;;fgm.glgg B @@?J% EBVIE fg‘f_‘%;iﬁv@ﬁ%]%%* > # T Simulationy; 2 TBUS
status ; @ B 4§ = 0 3% T g [Start simulation] » % 1k #5735 [End
simulation] - %7 & ##%% [suspend] 4 25 H-#t [resume] © %+ f e B TR
k¢ or BUSF ek ;. (BUS Queue) 1 2 i ﬂi%] i e & Sk R (Transmitted

message) °
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|dentify Data Length Period Deadline Enter time

ComboBox1 -

ComboBox2 -

Start Simulation

Identify | Data Length Period [Deadine |Enter Time

End Sirnulation resume

s B A G A Bl4.7497 7 0 R

T [Start Analysis]sded (s o € K ST g average transmitted time >

missdeadline > lost message!? 2 BUS= v & 81 & F w |+ o
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B 4.7 Analysis /i &
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4.2 HoERR WA

B4R Sk RBCRR 8 9538 & 250Kbits/sps > HOERCANT % B 44) 485
i ﬁs?]# ool N ORI R R CANE 17 F R RN TR R <
AR 4B o YA fe THEE ;‘1 £ ' & /Plaverage transmitting time > missing
deadline percentage > lost message percentage%ﬁ LIV ERE ey o B ER T VIR
¢ #27% 3 :RM ~ DM ~ EDF ~ RM+EDF ~ DM+EDF ~ AAP ~ RM+AAP
DM+AAP -
B ;ﬁ SN E S R e
BUS Transmitting Rate : K bits/s
Message : 1,2,--+,1,---,n
Period : T, T,, -, Tyy===, T, (MS)

Message Data Length 7L, .L, - L., --- L (bits)
Message overhead =44 (bits)

bit time = 1 (sec)
K
Message Length (L,)=D; +overhead (bits)

o . | ,
one message transmitting time = L, x E =E‘ (sec)

. . K
1 sec can transmit maximum messages M = T

= 1000ms

2
Bus Load (%) =$

x100%
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Td kS A £42 @)y 0 T EH P

I

BUS Transmitting Rate : 250K bits/s
Message : 1,2,3,4, 5

Period : 4, 8, 10, 6.9, 7.8 (ms)

Message Data Length : 64, 64, 64, 64, 64 (bits)
Message overhead =44 (bits)

bit time = ;3 =4x10° (sec)
250%x10

Message Length (L,) = 64+ 44 =108 (bits)
one message transmitting time = 108x4x10™° =0.432 (ms)

1 sec can transmit maximum messages M = 10(;# =2314.8
. ms
1000/ 410004441000, , 1000/ 1000

2314.8
=30%

%423 2475 5 5T L 2 £30%° 50% > 70% > 90% > 110% > 120%
& 77 WO Sy o ()% 2975 Nodeh# i T > % § I #Node . i#
FEOR o B e 2 L # M (Identifier) > 3% 0L & A (data
length) » 3 & e1i# 3% 2 Hp (period) » 3 4 @ ok #p *Y(deadline) o (b) % i
i % ik Jgaverage transmitting time > missing deadline percentage > lost

message percentage = 3 45 1% 4" 7 hiicd.
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%42 (a) % @?Jsi F250 Kbits/spF » 30% i@ gz 4 &

Node Identifier data length period (MS) deadline (ms)
(bits)
1 25 64 4 15
2 65 64 8 25
3 12 64 10 30
4 10 64 6.9 33
5 28 64 7.8 28

%42 (b) @ ﬁa?lsi F250 Kbits/spF » 309 @ #i5 3t 4, & g f8 ekt S &

Scheme

Original

RM

DM

EDF

RM+EDF

Average
Transmitting
Time(ps)

16.013

15.621

16.209

15.392

15.196

Missing
Deadline
Percetntage(%)

Lost
Message
Percentage(%)

Scheme

DM+EDF

AAP

RM+AAP

DM+AAP

Average
Transmitting
Time(10us)

15.359

17.275

15.359

16.209

Missing
Deadline
Percetntage(%)

Lost
Message

Percentage(%)
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%43 (a) % @?Jsi 250 Kbits/spF » 509 i@ gz 4 &

Node Identifier data length period deadline
(bits) (ms) (ms)
1 25 64 2.4 10
2 65 64 5.5 25
3 12 64 7.2 22
4 10 64 33 13
5 28 64 4.8 18

%43 (b) @ ﬁa?lsi F250 Kbits/spF » 509 & fig 2t 4, & i §8 ke & &

Scheme

Original

RM

DM

EDF

RM+EDF

Average
Transmitting
Time(ps)

21.395

20.807

20.059

19.764

19.823

Missing
Deadline
Percetntage(%)

Lost
Message
Percentage(%)

Scheme

DM+EDF

AAP

RM+AAP

DM+AAP

Average
Transmitting
Time(10us)

21.297

20.923

19.665

20.177

Missing
Deadline
Percetntage(%)

Lost
Message

Percentage(%)
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#4.4(a) ¥t %250 Kbits/sp - 7096 b st & #

Node Identifier data length period deadline
(bits) (ms) (ms)
1 25 64 1.8 8
2 65 64 3.8 14
3 12 64 5.1 21
4 10 64 3.0 10
5 28 64 2.5 15

4.4.4 (b) @@?Jgg %250 Kbits/spF > 7096 @ iz & B chdc s 2 %

Scheme

Original

RM

DM

EDF

RM+EDF

Average
Transmitting
Time(ps)

17.879

17.963

17.851

17.668

17.809

Missing
Deadline
Percetntage(%)

0.4213

0.2809

0.2809

0.2809

Lost
Message
Percentage(%)

Scheme

DM+EDF

AAP

RM+AAP

DM+AAP

Average
Transmitting
Time(us)

18.005

18.202

17.809

17.879

Missing
Deadline
Percetntage(%)

0.2808

0.4213

0.4213

0.1404

Lost
Message

Percentage(%)
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#4.5(a) W HjE %250 Kbits/sp - 9096 b st & #

Node Identifier data length period deadline
(bits) (ms) (ms)
1 25 64 1.5 8
2 65 64 2.9 14
3 12 64 3.5 15
4 10 64 2.2 12
5 28 64 2.0 10

#4.5 () & 3&%]31 *250 Kbits/spF » 909¢ & #iz 20 4 & chdc k8 bk 2 %

Scheme

Original

RM

DM

EDF

RM+EDF

Average
Transmitting
Time(ps)

27.934

28.175

28.317

28.428

28.295

Missing
Deadline
Percetntage(%)

2.5137

0.7650

0:6557

0.5459

0.6557

Lost
Message
Percentage(%)

Scheme

DM+EDF

AAP

RM+AAP

DM+AAP

Average
Transmitting
Time(us)

28.185

28.776

28.689

28.525

Missing
Deadline
Percetntage(%)

0.7650

2.7322

0.8743

0.7650

Lost
Message

Percentage(%)
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4.6 (a) @ @?Jzi 5250 Kbits/spF > 1109 1% ﬁg?]gm 5
Node Identifier data length period deadline
(bits) (ms) (ms)
1 25 64 1.2 5
2 65 64 5.8 28
3 12 64 2.5 15
4 10 64 4.4 14
5 28 64 0.9 4

24.6(b) 43¢ 5250 Kbits/spr » 11096 1 #3 L B et ik &

Scheme

Original

RM

DM

EDF

RM+EDF

Average
Transmitting
Time(ps)

39.699

48.680

48.342

34.503

42.733

Missing
Deadline
Percetntage(%)

19.0763

15.9722

15.9888

12.9317

15.4154

Lost
Message
Percentage(%)

10.5924

9.5153

9.6050

11.4901

10.5640

Scheme

DM+EDF

AAP

RM+AAP

DM+AAP

Average
Transmitting
Time(us)

46.096

51.781

79.063

77.473

Missing
Deadline
Percetntage(%)

15.5599

27.3642

22.6321

26.7732

Lost
Message

Percentage(%)

9.5878

11.0116

10.0448

10.1436
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247 (a) ¢ 250 Kbits/sp¥ > 1209 i dijsn L £

Node Identifier data length period deadline
(bits) (ms) (ms)
1 25 64 1.2 6
2 65 64 2 10
3 12 64 24 14
4 10 64 1.7 7
5 28 64 1.5 8

£4.7 (b) ¢ 5250 Kbits/sps » 12006 & §531 L £ i # Bkt s +

Scheme

Original

RM

DM

EDF

RM+EDF

Average
Transmitting
Time(ps)

46.673

44.612

45621

98.787

99.394

Missing
Deadline
Percetntage(%)

22.4429

14.9105

14.2289

56.2624

56.9444

Lost
Message
Percentage(%)

17.5941

17.6085

17.6229

17.5410

17.4447

Scheme

DM+EDF

AAP

RM+AAP

DM+AAP

Average
Transmitting
Time(us)

98.532

79.520

86.474

85.986

Missing
Deadline
Percetntage(%)

59.9444

22.8771

27.6892

26.6932

Lost
Message

Percentage(%)

17.5123

17.9508

17.8396

17.8396
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43 %A

4.3.1 RM & DM s+t i

d 4.2 & F %8y 0 k5 average transmitting time > missing deadline
percentage fr lost message percentage = 7 4p -5 IL = §] 4.8 - & [ 4.8(b)(c)
¥ 4v RM it 3 #x:z i missing deadline percentage £2 lost message
percentage o e ¥t L average transmitting time 73c % £ o o B 4.8 » ¥

RM £ DM e % £ 3 5 o
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(a) Average transmitting time

30 40 50 60 70 80 90 100 110 120 Load(%)

(b) Missing deadline percentage

25 r
20

(%)

S D

(c) Lost message percentage
20 r

(o)
=

S D

30 40 50 60 70 80 90 100 110 120Load(%)
—Original == =—RM = = = DM

] 4.8 Original » RM £ DM & ﬁig‘J ESIRLE oY
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4.3.2 EDF

Bl 4.9 §.4 4.2 & iy % EDF # Original ¥ & - 4 § 4.9(b)
¥ 5 EDF % f ;“ £ 7~ % PFic 3 2z 4] missing deadline sk g 4 o (e
AF O 4 B 120% 18 PP % (X £ missing deadline 2] § R R & U

# 4r o @ EDF f:c i Lost message 5% % 4o 4.9(c)#77r » H st % T 2 47 o
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(a) Average transmitting time

120
100 F
/
_ 80 F
Z 60t /
40 i /—‘—//
20 | — -
0 1 1 1 1 1 1 1 1 1 ]
30 40 50 60 70 80 90 100 110 120 Load(%)
(b) Missing deadline percentage
60 r .
40 /
S /
20 F
~
0 | | L = . Y ‘l 1 1 |
30 40 50 2601701800010 110 120 Load(%)
'. | ) rl.n_;;--:'?"'
(c) L@st meés §5éé"i)'¢;jé;éhtage
20 L
15 F
S 10 ¢
5 -
0 1 1 1 1 1 1 1 1 1 ]

30 40 50 60 70 80 90 100 110 120 Load(%)
Original =—— =— EDF

] 4.9 Original ¥2 EDF hig @‘J BT Ap PR

4.3.3 RM+EDF

®* RMRr it Leni 344 > s & @ pf)* EDF A @ 344 - 2
25 oB 410 A7 o B f ;“H:i“ RM-+EDF 4r ] EDF - & » average
transmitting time ¥? missing deadline percentage ¢ Jy| 3 - RM+EDF i iz &
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average transmitting time ~ missing deadline percentage ¥ lost message

percentage e %k v H A e EDF i 2 v RM ki 4 o

(1s)

60
50
40

=30
20
10

(a) Average transmitting time

120
100 \
80 /
60 /
40 = ~1
20 | — '
0 1 1 1 1 1 1 1 1 1 J
30 40 50 60 70 80 90 100 110 120 Load(%)
(b) Missing deadline percentage
I /
30 40 50 60 70TTR0° 90 100 110 120 Load(%)
(c) Lost message percentage
30 40 50 60 70 80 90 100 110 120Load(%)

—RM - - = EDF — —RM+EDF

B 4.10 RM > EDF ¥ RM+EDF ﬁ?fi}ﬁ;r]ﬁé;ﬁ‘; iR
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4.3.4 DM+EDF

® % DMKt Lo 344 i d @ pef)* EDF 4 BF @ 404 - 2
2% 4@ 4.11 #7577 -DM+EDF iz lost message percentage =775 % 4w DM
£ 7 %2 L H % EDF 4 - DM+EDF £ EDF 7% missing deadline percentage

~ fRRIH > DM I B AT -

(a) Average transmitting time

120
100 F
80t "7
Z 60 o/
40 + 2
20 F — — =
0 1 1 1 1 1 1 1 1 1 ]
30 40 50 60 70 80 90 100 110 120Load(%)
! L b iﬁ‘ T -l‘« )
(b) Mis¥ing deadiine pércentage
80 T = S, N
60 ~ .
S 40 4
e
20
—
0 1 B 1 R | 1 1 1 ]

30 40 50 60 70 8 90 100 110 120 Load(%)

(c) Lost message percentage

O 1 - 1 M— | I

30 40 50 60 70 80 90 100 110 120 Load(%)
——DM — —EDF - - - DM+EDF

] 4.11 DM > EDF ¥ DM+EDF st fi2
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4.3.5 Active adjustable priority (AAP)

Active adjustable priority(AAP)E_— fa & ik 33 & 4 Identifier e 3¢ >
2 EDF 7 ey » §_AAP .5 - BPFR S AR L PRy n g
il A o #-4.2 & Original &2 AAP 79 5% % % iz 35 BUS load £ = 3% 4p
bl (T A W 41200 W 4.12(b)%F 7 AAP £ § &¢ & f {4 ¥ missing
deadline percentage 3 »x% o H is 4R 4.12(a) ~ 4.12(c)*77 > AAP g %k 1t

F bR ATE P KT A o
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(a) Average transmitting time

100

80 ’
2 60 //
= 40 /y

20 | —

0

30 40 50 60 70 80 90 100 110 120 Load(%)

(b) Missing deadline percentage
30 ¢
25 -~
20
15
10

(%0)

-4

30 40 50 605 70180500 1100 110 120 Load(%)

- Ik

20 r R ST
15 t
S0t
5 F
0 ' ' : : . ! L 1 1 )

30 40 50 60 70 80 90 100 110 120 Load(%)
— Original — — AAP

] 4.12 Original &2 AAP e1i# ﬁigqj ZESTELE 3

4.3.6 RM+AAP
#-42 5 RM ~ AAP &2 RM+AAP ¢F &% % % IZQD‘J’;: BUS load £ = ;E#F]
Bl %12 2 ] 4.13 - RM+AAP & @ﬁs?léﬁéi%i & missing deadline
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percentage ¥ lost message percentage /i ** RM £ AAP 2_ FF o $+*% average

transmitting time $* 7% 45 ¥ RM+AAP +* RM 12 2 AAP % -

(a) Average transmitting time

100
80 B "‘ ‘/
o 60 o' /
2 40 | /\
20 [T
0 1 1 1 1 1 1 1 1 1 ]
30 40 50 60 70 80 90 100 110 120Load(%)
(b) Missing deadline percentage
30
VRN
?20 i /0'
S
10
O | 1 L .:'-i"'.;--": . :.' ]
30 40 50 60 70°°"80 90 100 110 120Load(%)
20 (c) Lost message percentage
15 F
SUN:
5 L
0 ] ] ] ] ] [ J

30 40 50 60 70 80 90 100 110 120 Load(%)

—RM = —AAP = = = RM+AAP

B 4.13 RM > AAP ¥ RM+AAP et &
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4.3.7 DM+AAP

#-4.2 & DM ~ AAP &2 DM+AAP 7 % i % & 35 BUS load £ = 7% 4p
Rl % I2 = [§) 4.14 - DM+AAP ¥} @ﬁg?] e L f missing deadline
percentage ¥ lost message percentage /i ** DM ¥ AAP z_ [ o #f3t average

transmitting time #* 7% 45 = DM+AAP * DM 2 2 AAP % -

(a) Average transmitting time

100 r
80 B P -
—~ 60 F . //
1 L4
N 40 I /
20 -
O L | 1 1 1 1 1 1 1 1 ]
30 40 50 60 70 80 90 100 110 120Load(%)
b MlSSll’l de: hne ‘;:-"feenta e
o (b) Mg deadige pégcentag
25 F
20 F
XIS
10 |
5 =
0 A, ] — ]
30 40 50 60 70 8 90 100 110 120Load(%)
(c) Lost message percentage
20
15 F
SN
5 -
O A, Il ] L ] Il ]

30 40 50 60 70 80 90 100 110 120 Load(%)
——DM — —AAP - - - DM+AAP

B 4.14 DM » AAP 22 DM+AAP ' i

55



44 3%

d 4.3 & s 455 % > k5 average transmitting time > missing deadline

percentage > lost message percentage =& LE IR I & 48 82 4 49 -

48 FHEERT RFEFE (-)

Scheme RM DM AAP RM+AAP | DM+AAP
Average
Transmitting sk ok kK s ko * s
Time
Missing
Deadline stk okt ok s 3 SEEE st s
Percentage
Lost
Message sk ok ok EEE T #ok ok Fok kK ok ok 3
Percentage
(1] *worst R fair Fxk%*pest

449 MR TRFEER (Z)

Scheme RM DM EDF RM+EDF | DM+EDF
Average
Transmitting sk ok okk s sk ok ok ok o
Time
Missing
Deadline skeoskoskoksk skeoskeskoskosk skskoskok kskokosk skkokok
Percentage
Lost
Message kookskokock kokskokock ok skokokok s ok sk sk ok
Percentage
[;'T—] *worst *EXLIr *kEK*Hegt
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#4882 £ 49 ¥ i B BRI

. FI* RM k& £ 4 enid 344 5 /27 i 7 2% i< missing deadline
percentage * lost message percentage ° i $+*% average transmitting time
K Foicd sk o DM ek v RM ek » £7 % o
. EDF 8228 & % f P4 373 45 > e EDF & % f §Y P $17% < average
transmitting time '* H {s ept 47 72 43 o
. RM+EDF & 4% RM &k & $2 & crid 3848 > 4 4o + @ﬁ%l%fé * EDF #
A2 R 4 et 344 o RMAEDF »c % vv 7 F H ¥ i # RM k& #3 4
B > st EDF % @4 o
. DM+EDF #:x % lost message percentage s % fv DM £ 2 % > ¥ v ¥
4 EDF 4+ - DM+EDF £ EDF 7 missing deadline percentage — & Jp| 3 -
DM A2 % i A 4T -

d 2 @hdtatk ok § 0 AARIZ iR ee g ok o & RMAAAP »ok B 2

Wwr P HS R RM o ekt AAP KT s DM+AAP » 3 e R ehfia) o
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N
=4
el
o)
il
pt'
20
i

#=

hig- 3¢ > REFRBEATHMIR  p AL TR £ AN

e
R EARM TR 2 B P AT R AR 0 BARIL G 0 R
7V 5 B 18 & 45 average transmitting time ~ missing deadline percentage ~ lost

message percentage 1t 7 F A {7eikyyp 0 T AT F RS S 0 LR W EHEF

b -

5.1 F 2k i Bz AT % TR

5.0.1 F &8 2E 4%

* % iv 5§ BT 5§ Winbond 2 7 4 & e WTSES16B 8051 srdy#1
¥ > & fe Philip = # 7 Stand-alone CAN controller SJA1000 12 2 3 i# k48
£ % PCA82C251 « F Zhehi & 24 2d 4 i CAN & 2 (Node) “7= -
# ¢ CAN & 2L8 d 8051 i #474] SJTA1000 » £ i%iE PCAS2C251 i#ix 4%
fe3t & o F Sz Ed PC %6 RS232 #4250 7 §4 3 8051 > d 8051 4741
SJAL000 i@ i 2 4c3n & > $ {4 6F Sk #icpd 8051 35 i RS232 w # 3] PC 4
VLA o AR SR AR 5.1 4 on o B 5.2 A& BeAl W] o B 5.3 A e

Pk ) 4 BEBSTES k B R BTG PC Y .
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PC

2051

] [ Nude1] [ Nnde3] T Hode9 |
SJ441000

l | Hode2 I Hoded I
PlomBnC e Hardware system

e/
Node

Bl 5.1 Bk oAl %

B 5.2 H - &2 1 E
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B 5.3 HAF Z%KE B

5.1.2 238 n4e

A RY P B ek Ao @) 5. 4 *i‘“r-r T’ rnasn":r node % 11 B 453 4 (start

message) > § @ @J% node «Tq- »r,: start essage ) ,T%si e PF R 4 8 @?] B
-

drge LR 0 BB z@ﬁ‘iaa]wmnode""i‘* #B?ﬁ

)f%m%r‘kﬂ%mnode PR IR RNt

ﬂi;‘lf:iﬁ‘i i@y - %«T&P](‘:%‘iialmn-pu'm@iiﬂEffﬁi?é » H#eirid ﬁﬂ@;ﬁaa]‘ﬁ:é‘é
ip 1% 36 RS232 @ v § %% o j&_master node ¥ @ @?Jiﬁ%.l‘l 3 8 @] =P T
= @ﬁ;] *RF 3% — % CAN BUS © 34z ¢-1 Node :léi—@ﬁ%]ﬁ%}ii@?‘? il
oo Ad & Bz 8051 i RS232 @ w A o

& B2 ¢ d master node 3 I start message 7P 10 5 T it 49
RATF hE B Bl - FRBRABERCR L D A E R L
HRPE o FARFRALE BAHDEH§RB L DOBESEBY PCo
Bofs st g o e et b KT P8 @i g o 20
NE - B @ﬂﬁ‘l GEING - BRI OSEAAHE 0 AR5 2 QR LD
Bk o Lt BEE R - 4538 deadline S &~ LG BiE NS

Sk o
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haster

W SA L &b 2 W

[ ﬁa?lz,%nff' AL B4R 5.5 TR e 3] start message 2 5 - @ﬁ%l & 8L

PheBEarg & gzand > BRI TREF L E L -
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[nitial CAMN

]

Has receive
"start message"?

Start
Transmitting

!

Does all message
complete transmitted?

[ [x]

Yes

Finish J

ﬁisﬂﬁﬁﬁ%mﬁ%

Bl e N R AL BB 5.6 Frr 0 e v - B L2180 By
Eal ﬁg?l;}ﬂ #%:average transmitting time > missing deadline percentage °
lost message percentage ° § *TF L L FREATII 2 {8 0 BATiE chz g B ﬁg]

kL By L%
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[nitial CAM

o

IS receiving
irst messag

Calculating
"Perormance Index"

o

Iz receive
all message

Return
Ferformance
Index data to PC

| Finizh

Bl 5.6 25" ¥ {xahin A2 ]
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5.2 A RER SR AL

&P R ¥ R * EDF > A 889 % pF o #7i8 DR 48 - n & EDF
Y I EF Y AL BiE N g B Lre g kg W@
4 EigiE A3 o fed 3 Stand-alone CAN controller STA1000 =72* 24 »
M- LB E Pl EE Y Yot Y I8 STAT000
e 3V F ArEcd SJA10000 e 35 BMS F 2 5 i 4§ 11 & recessive bits(Bus
free) » ] STA1000 & i & 37B 428 F- hP %2 ¢ "BUS - 24 3
e RENE )’I*ufi #E )£ FrEcds STA1000 075 5y o F)pt s 2 A SJA1000
51 CAN Controller * ¢ 3 EDF -

e A2 P AT AAP RS SeER 3 > AAP i BE X 2 B R e
SRR ) S )

Em

B PR TR LR - LR

T2 SR S RFATR T PSP @A i L

3]

PRl R o Ft B SJAIOOO“JJ?‘“’ S B gs L kR 4 s Ay

A BN dR - R

64



5.3 7 % By

DR A ﬁ%lﬁ B 125Kbits/s » &, @ﬁ%lﬂ??' B4 ayk iR T &7 o 117
I eg 5§ 4% £ 14 £ iRlaverage transmitting time » missing deadline percentage -
lost message percentage%ﬁ pet g H sy o F kY R * 42 5 :RM ~ DM ~
AAP ~ RM+AAP£ DM+AAP -

%513 2574 8 G HE 2 £30%50% 70% > 90% > 100% > 110%
120%:& % R 5 <7F % By o (@) % LT F Noderh @ gy 78 = 5 = 1 Node
ERCECREA S @ﬁ%] AL e dao A B 4§ (Identifier) o 3 A chF AL & (data
length) » 3t 4, &2 3% 3% 8P (period) » 2 4 eh# 1+ #p *Y(deadline) » (b) % T
% % ik Jgaverage transmitting time > missing deadline percentage > lost

message percentage = & #;—1 s mﬁcﬁ% 3

% 5.1(a) @%Jﬁ <125 Kbits/sp+ > 30/rﬂl§;%ﬁ]F iE

Node Identifier data length period deadline
(bits) (ms) (ms)
1 0x20 16 10.2 4.2
2 0x40 16 6.2 1.2
3 0x60 16 4.2 1.7
4 0x80 16 5.9 3.9
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#5.1(b) @& ﬁa?lsi 125 Kbits/spF > 3090 @i L £ A B F % 2%
Original RM DM AAP | RM+AAP | DM+AAP
Average
Transmitting | 224.504 | 211.216 | 240.826 | 196.667 | 239.501 222.831
Time(us)
Missing
Deadline 1.349 1.199 1.499 4.049 1.499 1.349
Perctntage(%)
Lost
Message 0 0 0 0 0 0
Percentage(%)

%5.2(a) @i 5125 Kbits/sP > 309 B g L& Al M F % % %

Node Identifier data length period deadline
(bits) (ms) (ms)
1 0x20 16 5.6 2.6
2 0x40 16 4.2 1.2
3 0x60 16 2.6 1.6
4 0x80 16 4.8 2.8

%5.2(b) 1 ¥iiE % 125 Kbits/sPr > 5096 B0 L& 0 W 2 %

Original

RM DM

AAP

RM+AAP

Average
Transmitting

Time(ps)

223.702

191.954 | 218.244

222.584

200.666

217.625

Missing
Deadline
Perctntage(%)

0.99

0.693 0.99

0.99

0.99

Lost
Message
Percentage(%)
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%5.3(a) 98 5125 Kbits/sp » 70% i iz L £

Node Identifier data length period deadline
(bits) (ms) (ms)
1 0x20 16 4.1 2.1
2 0x40 16 23 1.3
3 0x60 16 1.8 0.9
4 0x80 16 3.1 1.1
#5.3(b) @& ﬁa?lsi Z 125 Kbits/sp% » 70% @iz &, i 7 RS %
Original RM DM AAP | RM+AAP | DM+AAP
Average
Transmitting | 258.231 | 240.302:°}250.128 | 213.297 | 380.367 | 270.884
Time(ps)
Missing ‘
Deadline 2.536 0.963 1.028 3.174 1.6698 1.028
Perctntage(%) :
Lost
Message 1.220 0.963 0.064 0.835 0 0
Percentage(%)
#5.4(a) @ ﬁ%lsi %125 Kbits/spF > 909 cig 51’;‘% 3
Node Identifier data length period deadline
(bits) (ms) (ms)
1 0x20 16 3.0 1.5
2 0x40 16 1.8 0.8
3 0x60 16 1.4 0.9
4 0x80 16 2.5 1.6
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#5.4(b) @ ﬁ%lsi 125 Kbits/spF > 909g @iz L £ A B P %2 %
Original RM DM AAP | RM+AAP | DM+AAP
Average
Transmitting | 254.740 | 354.493 | 286.842 | 367.867 | 340.288 | 331.053
Time(us)
Missing
Deadline 1.767 4.362 1.790 3.149 5.719 2.002
Perctntage(%)
Lost
Message 9.586 5.891 7.938 9.636 6.590 7.738
Percentage(%)
#5.5(a) @ ﬁ;?\lsi %125 Kbits/sP% > 1009 e @ fig2n 4, &
Node Identifier data length period deadline
(bits) (ms) (ms)
1 0x20 16 33 1.3
2 0x40 16 1.7 1.2
3 0x60 16 1.2 0.7
4 0x80 16 2.0 1.0

5.5(b) @ik & 125 Kbits/sp¥ > 1009 70 L £ A 43 5 4 %

Original

RM

DM

AAP

RM+AAP

DM+AAP

Average
Transmitting

Time(us)

323.322

394.068

281.588

292.850

305.025

343.356

Missing
Deadline
Perctntage(%)

7.025

5.398

3.792

6.476

1.451

4.185

Lost
Message
Percentage(%)

18.075

15.872

15.917

18.075

7.014

16.187
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#5.6(a) @ ﬁ%lzi F 125 Kbits/spF > 1109 cn@ g5t & &

Node Identifier data length period deadline
(bits) (ms) (ms)
1 0x20 16 2.6 1.6
2 0x40 16 1.5 1
3 0x60 16 1.1 0.6
4 0x80 16 2.1 0.9

% 5.6(b) @ﬁ?]ﬁ F 125 Kbits/sp » 1109 @ dig2n L £ e 487 % 2 %

Original RM DM AAP RM+AAP | DM+AAP
Average
Transmitting | 275.004 | 354.877:7°343.177 | 197.032 | 251.107 | 292.552
Time(ps)
Missing
Deadline 5.774 6.652 4.922 3.337 4.423 3.080
Perctntage(%)
Lost
Message 23.964 22.897 | 23.307 | 22.527 23.923 24.359
Percentage(%)
+5.7() & ﬁ%lsi F 125 Kbits/spF » 1209 en@ fig 2 3, &
Node Identifier data length period deadline
(bits) (ms) (ms)
1 0x20 16 2.3 1.3
2 0x40 16 1.3 0.9
3 0x60 16 1.1 0.6
4 0x80 16 1.8 0.8
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#5.7(b) & ﬁa?]i F 125 Kbits/spF > 120% @ L i P % 2 5%

Original RM DM AAP

RM+AAP

Average

Time(ps)

Transmitting 381.546 | 378.887 | 361.267

287.409 | 307.204

300.543

Missing

Perctntage(%)

Deadline 8.124 8.289 7.407

6.443 6.984

6.200

Lost

Percentage(%)

Message 29.600 | 29.487 | 29.187

29.736 22.743

29.299

54 %% 247

5.4.1 RM & DM s+t i

RM & DM 1% Je 3% @ RM 12 3E 80 ek 2% 31 4 e $49% ;DM 1

deadline e& 2% 2 4 e £ 4 o #-5.3 & Original » RM £ DM 1§ %

s % 45 BUS load &2 = 5 45 % (average transmitting time > missing deadline

percentage > lost message percentage ) chf % B 12 = ] 5.7 - d B 5.7(b)¥ v

DM "% % missing deadline 3 & ¥ cr3c% o d B 5.7(c)¥ 4 RM ¥ DM

*1

P

¥ 0L 4 lost message Sy JRAF 4 > RM ex L entg B vt DM vk & o

70

DM+AAP




(a) Average transmitting time

500 ¢
400
300
200
100

(1s)

30 40 50 60 70 80 90 100 110 120 Load(%)

(b) Missing deadline percentage

(%)

S N B~ O ©
T

40
30 |

£20

30 40 50 60 70 80 90 100 110 120 Load(%)
Original — — RM - - - - DM

5.7 RM > DM £ Original 5 fij 5 ii 1+ fic

5.4.2 Active adjustable priority (AAP)

AAP £ - fif G B L R g ehs o d 52 7 5w EDF 715 3 4
1% pF g 2 B SIAL000 s 7 ¢ #RE (F > & AAP BRI - BPFR E A
Mo g ez 18 i b L e U o 3453 & Original 27 AAP 9§ % % %
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iz ¥5 BUS load £ = 5 Jp R b (2 B 5.8 4 Bl 5.8 #7771 AAP &8 §

FopF o = BN P AL o B H W DR T R P AR

(a) Average transmitting time

500 r
400 P
- 300 | _ T > ot
3 200 + = - ~ Original
100 — — AAP
0 1 1 1 1 1 1 1 1 1 J
30 40 50 60 70 80 90 100 110 120 Load(%)
(b) Missing deadline percentage
10
8 -
<\

X -
4 } Original
2 | — — AAP

O | | | | | — B ilf Is | | | |

3

80900100 110 120 Load(%)

i L
L

30 40 50 60 70

3 (c) Lost message percentage

30 F
25
20
=15
10

Original
— —AAP

0 1 i

30 40 50 60 70 80 90 100 110 120 M09

B8] 5.8 Original &2 AAP b fi
5.4.3 RM+AAP
4o 5.9(c)¥ 4 RM+AAP #3t *% i lost message percentage 7 A% i3

% o 3x %L H B e RM B H_AAP 45 -
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(a) Average transmitting time

500
400 r
—~ 300 f
=,
~ 200
100
O 1 1 1 1 1 1 1 1 1 ]
30 40 50 60 70 80 90 100 110 120 Load(%)
(b) Missing deadline percentage
10 r
8 -
SO
<4
2 -
0 l - y lL EFJ"' 2 :‘\'.-'l:"'“:- l
30 40 50 5‘-6'* ._7l;9j 80 90 100 110 120Load(%)
- W -
1-{{:.“ -\.” 1896 -‘;:j'
(c) Lés};@g§2g¢rg§£entage
40 _ . lll'.‘:l"!-“-- P L
30
£20 +
10 F
O 1 1 1 ]
0
30 40 50 60 70 80 90 100 110 120 -03d(%)
——RM — —AAP - - - RM+AAP
B] 59 RM > AAP &2 RM+AAP st §ie
5.4.4 DM+AAP

DM ~ AAP 22 DM+AAP * #iens % 4o i) 5.10 #7757 - DM+ AAP #'%

4 lost message percentage six % fe DM £ 7 % > & H ek 3t AAP
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e %4+ missing deadline percentage 4] 5.10(b)*771 » DM 3t % &4+ > i
DM+AAP %% § §*F# 1 42 DM "% ¥4 missing deadline percentage 7% % {

&> m AAP "% ™ missing deadline percentage 75 % ;2 3 DM & DM+AAP

4F o
(a) Average transmitting time
400
300 | S -
2 | = N g
= 200 —_
100
0 ! ! ! ! ! ! ! ! ! |
8 -
6 L
7 L
0 ! | ! ! ! ! ! ! ! |
30 40 50 60 70 80 90 100 110 120 Load(%)
A0 - (c) Lost message percentage
30 |
£20 t
10
0 . \ ! |

30 40 50 60 70 80 90 100 110 120 Load(%)
——DM — —AAP - - - DM+AAP

 5.10 DM > AAP £ DM+AAP il i sicii 1+ i
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5.4.5 RM+AAP &2 DM+AAP st $i

B 5.11 &.d 53 & Original~RM+AAP ¥2 DM+ AAP 7§ 2 % % 245
BUS load £ = 3t enff (R B3 A = o d J ¥ v 1/ lost message
percentage = ‘“ iR % > p] 2 RM+ AAP =¥ "% 4 lost message percentage
T }Ej%ﬁx = ;™ missing deadline percentage = ' # {3 > DM+AAP + &k | 5

Fik Tk o
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(a) Average transmitting time
500

400
300
200
100

L

(us)

30 40 50 60 70 80 90 100 110 120Load(%)

(b) Missing deadline percentage

10

(o)

S N BN ®
T

30 40 50 60 70 80 90 100 110 120 Load(%)
= = RM+AAP = = = DM+AAP —Original

] 5.11 Original ~ RM+AAP & DM+AAP =t #i
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546 ¥R EEHNAE
(1) #RM+AAP & #6538 5 125 Kbits/s > § §*£ 90% /% » €47 %+
ZiEP 4 5.8

#5.8(a) @ @?Jﬂ F 125 Kbits/spF » 909 i@ gzt 4, &

Node Identifier data length period deadline
(bits) (ms) (ms)
1 0x20 16 3.0 1.5
2 0x40 16 1.8 0.8
3 0x60 16 1.4 0.9
4 0x80 16 2.5 1.6

25.8(b) @83k & 125 Kbirs/spi> 0096 s s L B et Z AT R S k5 %

No. 1 2 3 4 5

Average
Transmitting 340.288 | 331.004-4 " 304.797 | 334.552 | 343.700
Time(ps)

Missing
Deadline 5.719 5.446 5.443 5.387 5.556
Perctntage(%)
Lost
Message 6.590 6.490 6.440 6.390 6.540
Percentage(%)
No. 6 7 8 9 10
Average
Transmitting 316.323 | 313.943 | 330.373 | 344.178 | 305.350
Time(us)

Missing
Deadline 5.559 5.455 5.559 5.493 5.446
Perctntage(%)
Lost
Message 6.590 6.640 6.590 6.390 6.490
Percentage(%)
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d 4 5838 Tiow (.
average transmitting time(us): 326.4508 +21.6539
missing deadline percentage(%): 5.5063+0.2127

lost message percentage(%): 6.506£0.116

d Pk B A SA0)E H b BRI & 00% f T hly k4t
oo FEOTEL T G PRI L R R o P FhEE T - hE A

Moo HZg X G aE5%p o

(2) #34 f 8 70960 » AAP B BAT 8 f) b cen®e BL 1 I 4
5.9

#5.9(a) it $125 Kbits/s 52 70% b i L 2

Node Identifier data length period deadline
(bits) (ms) (ms)
1 0x20 16 4.1 2.1
2 0x40 16 2.3 1.3
3 0x60 16 1.8 0.9
4 0x80 16 3.1 1.1
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#59(b) AAPA® ﬁ%lsi ZF 125kbits/spF > 709 @ g & £

8sec Al M F ik % R 1

time 0~1 sec 1~2 sec 2~3 sec 3~4 sec

Average
Transmitting 213.297 | 195.345 | 224.443 | 189.785
Time(ps)

Missing
Deadline 3.174 3.617 3.325 3.814
Perctntage(%)
Lost
Message 0.835 0.824 0.823 0.867
Percentage(%)

time 4~5 sec 5~6 sec 6~7 sec 7~8 sec

Average
Transmitting 235.323:7 2112436 | 225.637 | 197.178
Time(ps)

Missing
Deadline 3.339 3.435 3.045 2.987
Perctntage(%)
Lost
Message 0.834 0.789 0.824 0.809
Percentage(%)

d £ 5938 RETiagiv g

average transmitting time(us): 211.555+23.736
missing deadline percentage(%): 3.342+0.472
lost message percentage(%): 0.826+0.041

b PR ey Bt FE T RR > 9SS AREL R

LA 59T hr AHE R P EFICREE L
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5.5

d 5.4 & s 4545 % > k5 average transmitting time  missing deadline

percentage > lost message percentage s34 JFLE IR I 4 510 o

%510 AMA Bms KR

RM DM AAP RM+AAP DM+AAP
Average
Transmitting ** kokkk ** ok s ke
Time
Missing
Deadline *ok okok ok *okok sk ke sk o
Perctntage
Lost
Message skkokosk seeksk %k skskokosksk skkokok
Percentage
[7] *worst ke fair *rxE*best

AEPOBPARIEA AT %Y %% 0 EDF A9 %o f Tﬁ‘f * ¥

7> 2% RM~DM¥E AAPRIV @S2 &* i o ¥y % RM~DM
BAAP R ETFHERY AR od £ 59 RNT e BB

1. DM #f=t'# ™ missing deadline percentage 7 {% 8 ¥ i3 % » 1% lost
message percentage » ix § #Tic L o

2. DM+AAP g & v DM { i 8- # ehte§ f §PF' i missing deadline
percentage °

3. RM 824 3 2z missing deadline percentage 77 % » 2 % M v L
DM 4 o @ RM #*t:2 i lost message percentage 3 {%4F e %k o

4. RM+AAP +* 42 RM { st #c & lost message percentage > H sz % §_#75 4
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ASBERES 8 S K
5. % & ik SEE s RMHAAP (R 2kit B4 > 30 "% M lost message
percentage } #4F ci33z % o DM+AAP #** missing deadline percentage 7

bR R EG

81



e

-
bl
E\

# % _deadline thp hE_ 5 7 kiehfEE > FAE BRLATT LA
B E PR R RS P oo ok ML TR AR AR 2 P
WP g kAR T 0 F O LR £ A L R
3L & 088 o0 % % % RM & DM $3%:c £ missing deadline 3 7 4% esk
%> EDF 122 AAPRIZF sk c e A % % %™ 37 »RM~DM ~
RM+AAP & DM+AAP #t3t 22 missing deadline sz 87 45 » 2 @ 12
DM+AAP 3z % 543 o
Bop SR g o AR @Y Sl AL s R PPk g T
£x B o A arl L AR S o hshaEare 0 R RE o AR Sk BT
RM ~ DM » RM+AAP & DM+AAP #2822 L lost message = 387 4 -
el RM+AAP & H @ ehptr iz sril 4 el S > o Bt 2 F 20 4 Aaid
B ALY o R L BE N PR ga 2 Y RMEAAP S 3 h
PAzE R -
AR PR o R enE % F 5 A Foeni % o B 5 EDF A 8P %
¢ 933t SJAL000 e U mEE T T AR E B A AP E R
7 AAP > AAP H jhi¢ % & iR et A MR SR ock 3L o At
# ¥ RM+AAP &2 DM+ AAP src %k g2 R AAP 4 > et H % ch RM &2
DM % - e # RM+AAP & DM+AAP L83 %+ » ' 5 % RM & DM
sk o R FIF i AUF) G OWCR O eD7E R AT 0 &t CAN Node @ 4
LY EEE 1R B 7 R AEDF & L AAP i A B
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LB AR FEERTERAE FP 1t Ae RM & DM (7 52

¥ CPU eri iR > ERRH 2, ‘@%thdi i 4 ot iR b o

VOSBRSS R AR A e GRS R g 4
G TR AR RN G EE RS RFT AT A &L
PR OFALNELETGE €T B ;ug\,ﬁut g fﬁ}ﬁvlﬁuwfi 0
VLRSS T o ek LA L AR A 2 R €33
=k 37 2 F]1 5 DM+AAP scheme i i£ = & > 5 missing deadline %
4 F Aiefd kA T E T DM+AAP & i FORAFE T o AL FE

FAfl e s et ok d 4 FREZRN Y b Tigd kAT

3 4 > 15 RM+AAP scheme it i = & - 7 lost message 2 4 - F]pt #]
P EF RMAAAP 7 02 % Susf 3 et € 5.0 o
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Wi A CAN § %3 (v 2

hrgar A P oATsl  enE L kR E_Philips « @ Stand-alone CAN

controller SJA1000 7 Data Sheet ¥2 Application Note [8][24] °

*

CAN & 257¢ 45 ]

SJA1000 &_Standard-alone CAN controller i ;* f§ = 3& i » & Jf 12 Host
Controller 3% _SJA1000- 7 i% i% Transceiver } &3 4 3] CAN BUS * -
H 2 f#iir%] - #7515 o 7 SJA1000 * 3 4 & i%¥ ¥ d Host Controller i%
i Interface Management Logic ;& » Transmit Buffer £ ¢ CAN Core
Block @ i¥ 3] Transceiver:d| CAN:BUS ¥, 31 & 3% < B'] €_Transceiver
e F 4, > %51 CAN Core Block 3| Acceptance Filter 2| %7 8_F & £
YT i 0 F 3 4, i i Acceptance Filter &3] Receive FIFO » { i% i

Interface Management Logic # [ Host Controller °

CAN-Bus Line

ot SJAT000

Controller

Transceiver

Transmit CAN

Interf;
niertace Buffer Core Block

Management

Logic
Ccanzoe [l

-
Receive |4 Acceptance
FIFD Filter

Figure 2: Block Diagram SJA1000

I1I1

B A.1 CAN & gL2¢ B [8]

AAF %KY > 28 d Host Controller 8051 ~ Standard-alone CAN

Controller STA1000 2 Transceiver PCA82C251 Tﬁ# » H I EBl4cB] A2 1

7T

o
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BXCHMN
{ 80CH1 family ) SJA1000 PCAB2C2500251
AD0IPO.D 22 aon oo 2 XD CANH
AD1 PO 2 am T L2
25 13
AD2IPD.2 AD2 RN f—— RXD
AD3IPD.3 25 ) a3 RX1 E_EI_ CANL
27
AD&IPD.4 AD4 "
ADSIPD.5 28| sns MODE Voo | Intel Mooa )
ADE!PO.E 1] ae woo |22 1T Voo
3
ADTIPO.T ADT
= vesy BT Vi CAN bus
P27 . = vooz HE T
ALE ! PROG ALE vesa |2t T
ROD/P3T e 2
WR P38 L2 g e T
INTD [ P3.2 18 it vess 5T
7 c1
o KTAL1
Resat Circuitry sl XTAL Bﬂj”_' C1=C2=15pF
RST 17 RsT [ s.2amHz
HTELZ @:'H
cz2
* Comparator Bypasa = activa
Figure 3: Typical SJA1000 Application

Bl A2 CAN & 2Li2 5 B [8]

¢ CAN T =
& CAN BUS # ¢ 3 B ez 4o Bl A3 7 & 7 4 {42 4(Start
of Frame) ~ # #* % (Identify-Field) » 4573 % (Control Field) ~ ¥ # % (Data
Field) ~ 75 % % 4%§ % (CRC Field) » #23% % (Acknowledgment Field) £ 1§

+2.% 1t (End of Frame) °

4 M i
| MM | Lz i | ik 448045
| T
Bits 1 11 12 4 | 7
T S 1
wpim T ol e 5
| i ]
v/ I Ao
MEksnnio| aaE— | {M!%&ﬂﬁré»‘ -
BEHE L - RUE~ [

Bl A3 CAN FHf§ 1=

85



€ Acceptance Filter

TR f2 crd e &2 3 HL3% i Acceptance Filter 1% 21 7. Acceptance Filter
Fd 5 BT BACR & AMR #7374] - ACR #_Acceptance Code register
® TR g i Identifier - AMR #_ Acceptance Mask register 3% @
Acceptance Filter g % c % AMR ez~ %k 75 10 P] ACR ¥t =~ #
#¥ 02 1 77 il i Acceptance Filter » ¥ 2. % AMR chi= L% 25 0
¥ 32 ACR¥ R~ 40 ;Fk‘ » ¥ if i Acceptance Filter - Example 1 £_

PeliCAN Mode -~ Single Filter Mode T 72k @_» H &k T 4B A4 #77 -

Example 1:

Let us assume, that the same 64 Standard Frame messages as described in the example on page 18 have to be
filtered in PeliCAN mode.

This can be done using one long filter (Single Filter Mode).

The Acceptance Code Registers (ACRn) and Acceptance Mask Registers (AMRn) contain:

n 0 1 {upper 4 bits) 2 3
ACRn 01XX X010 | XXXX XXX XXXX | XXXX XXXX
AMRn 0011 1000 1111 T 11111111 1111

accepted messages
(ID.28..1D.18, RTR) D1xx x010 xxxX

(“X" = irrelevant, “x" = don't care, only the upper 4 bits of ACR1 and AMR1 are used)

Acceptance Filtering CAN Message

|ACRD |ACR1 |ACR2 | ACR3 | Standard Frame
RTR bit

| AMRD | AMRT | AMR2 | AMR3| _

ﬂ ﬂ ﬂ ﬂ ‘11bit|dentiﬂerH __‘ Data 1 ‘ Data 2 ‘

bits used for acceptance filtering

Receive .
FIFO Filter or
Extended Frame RTR bit
JET0011.GWM (2] B - - = !lll -
‘ 11bit Identifier ‘ | 18bit Identifier ’H

bits used for acceptance filtering

] A.4 PeliCAN Mode ~ Single Filter Mode ™ Acceptance Filter 7735 Z_ [8]
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Example: Receive ID: 0000 0000 001

Example:

AcceptCodeOReg
AcceptCodelReg
AcceptCode2Reg
AcceptCode3Reg
AcceptMaskOReg
AcceptMask1Reg
AcceptMask2Reg
AcceptMask3Reg

all pass filter

AcceptCodeOReg
AcceptCodelReg
AcceptCode2Reg
AcceptCode3Reg
AcceptMaskOReg
AcceptMask1Reg
AcceptMask2Reg

AcceptMask3Reg

&€ Arbitration

£ 5 BFAFIER P CANBUS i i% 5 P2 @ 3% don g

= 0x00;
= 0x2F;
= 0xFF;
= 0xFF;
= 0x00;
=0x1F;
= 0xFF;
= 0xFF;

= don’t care
= don’t care
= don’t care
= don’t care
= OxFF;
= OxFF;
= OxFF;

=0xEF;

//only receive 0x00 0x2F

//RTR don’t care

//RTR don’t care

A

s

Arbitration Field $&-]: Jﬂ" BAEART o HiE (TAoB] AS PToT o

Node

D10 108 D8 IDY DB DS

Tx
1
Rx

Node

D10

|Dg

Tx
2
Rx

Bus line

Node 2 stops
transmission

D10 109 1Ds 1DY D6 DS

Bl A5 @ X HE
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€ SJA1000 s i

B SJA1000 3 I faK T H-7* :ModeO(Reset Mode) ~ Model (Listen Only

Mode) ~ Mode2(Self Test Mode) ~ Mode3(Acceptance Filter Mode )

£ Mode4(Sleep Mode) » T fadf (T HC5% 7t ac 4ok Al #7717 » EH

w fE 4 (T8 2.4 Mode control register #74 ©

Example:

ModeControlReg = 0x01 ;
ModeControlReg = 0x08;

//Enter reset mode
// Enter Acceptance Filter Mode

Select Single Filter

# A.1 bit interpretation of Mode register [24]

BIT

SYMBOL

NAME

VALUE

FUNCTION

MOD.7

reserved

MOD.6

reserved

MOD.5

reserved

MOD.4

SM

Sleep Mode; note 1

sleep; the CAN controller enters sleep maode if no
CAN interrupt is pending and if there is no bus
activity

wake-up; the CAN controller wakes up if sleeping

MOD.3

AFM

Acceptance Filter Mode;

note 2

single; the single acceptance filter option is
enabled (one filter with the length of 32 bit is
active)

dual; the dual acceptance filter option is enabled
(two filters, each with the length of 16 bit are
active)

MOD.2

STM

Self Test Mode; note 2

self test; in this mode a full node test is possible
without any other active node on the bus using the
self reception request command; the

CAN controller will perform a successful
transmission, even if there is no acknowledge
received

normal; an acknowledge is required for successful
transmission

MODA

LOM

Listen Only Mode;
notes 2 and 3

listen only; in this mode the CAN controller would
give no acknowledge to the CAN-bus, even if a
message is received successfully; the error
counters are stopped at the current value

normal

MOD.0

RM

Reset Mode; note 4

reset; detection of a set reset mode bit results in
aborting the current transmission/reception of a
message and entering the reset mode

normal; on the “1-to-0' transition of the reset mode
bit, the CAN controller returns to the operating
mode
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B A fENiF TiEAR P 4o & Foip SJAL000 sk g5 - ¥ o Status register

{7 &v > Status register (it & £ L4cEk A2 #1514 & {F 5 STA1000

sk % ¥ o T 7| e Example %k B8 & f& Status sk i o

Example:
if (StatusReg&0x01){} //ISRO:receiver buffer status, 1:full, 0:empty
if (StatusReg&0x04){} /I SR2:transfer buffer status, 1:full, 0:empty

# A.2 bit interpretation of Status register [24]

BIT SYMBOL

NAME

VALUE

FUNCTION

SR.7

BS

Bus Status; note 1

1

bus-off; the CAN controller is not invelved in bus
activities

bus-on; the CAN controller is involved in bus
activities

SR.6

ES

Error Status; note 2

error; at least one of the error counters has
reached or exceeded the CPU warning limit
defined by the Error Warning Limit Register
(EWLR)

ok; both error counters are below the warning limit

SR.5

TS

Transmit Status; note 3

transmit; the CAN controller is transmitting a
message

idle

SR.4

RS

Receive Status; note 3

receive; the CAN controller is receiving a
message

idle

SR.3

TCS

Transmission Complete
Status: note 4

complete; last requested transmission has been
successfully completed

incomplete; previously requested transmission is
not yet completed

SR.2

TBS

Transmit Buffer Status;
note 5

released; the CPU may write a message into the
transmit buffer

locked; the CPU cannot access the transmit
buffer; a message is either waiting for
transmission or is in the process of being
transmitted

SR.1

DOSs

Data Overrun Status;
note 6

overrun, a message was lost because there was
not enough space for that message in the RXFIFO

absent; no data overrun has occurred since the
last clear data overrun command was given

SR.0

RBS

Receive Buffer Status;
note 7

full; one or more complete messages are available
in the RXFIFO

empty; no message is available
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B £ SJA1000 i# i¥ & 7f i% if Command register * #% i » Command
register 3 I f&#% i¥;% :CMRO(Transmission Request) ~ CMR1(Abort
Transmission) ~ CMR2(Release Receive Buffer) ~ CMR3(Clear Data

Overrun) ~ CMR4(Self Reception Request) - Command register 7 &

Fe (TR T L et Aok A3 HFoT o

Example:

/*a message want to transmit, set the Transmission Request™®/

CommandReg = 0x01;

//ICMRO:Transmission Request

//1:a message will be transmitted

/*after receive a message, release Receive Buffer*/

CommandReg = 0x04;

//CMR2:Release Receive Buffer

/['L:released, 0:no action

# A.3 bit interpretation of Command register [24]

BIT SYMBOL NAME VALUE FUNCTION
CMR.7 - reserved - -
CMR.B - reserved - -
CMR.5 - reserved - -
CMR.4 SRR Self Reception Request; present; a message shall be transmitted and
notes 1 and 2 received simultaneously
0 — (absent)
CMR.3 CcDO Clear Data Overrun; 1 clear; the data overrun status bit is cleared
note 3 0 — (no action)
CMR.2 RRB Release Receive Buffer; 1 released; the receive buffer, representing the
note 4 message memory space in the RXFIFO is
released
0 - (no action)
CMR.1 AT Abort Transmission; 1 present; if not already in progress, a pending
notes 5 and 2 transmission request is cancelled
0 — (absent)
CMR.0 TR Transmission Request; 1 present; a message shall be transmitted
notes 6 and 2 0 — (absent)
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B Clock divider register * %% # SJA1000 #7i¢ * 7 CAN 5\
(1:PeliCAN, 0:BasicCAN) » £ $& p 3R ¢hIRR F = » 11 2 Clock out
frequency  H # it 4ok A4 11 o

Example:

ClockDivideReg = 0xC8 ; //Peli CAN mode, Rx0 is active Rx1
ground,
//External CLKOUT off
//Clock out frequency = fosc/2

% A.4 bit interpretation of Clock divider register [24]

Table 49 Bit interpretation of the clock divider register (CDR); CAN address 31

BIT7 BIT6 BIT S BIT 4 BIT3 BIT2 BIT1 BITO
CAN mode CBP RXINTEN ()1 clock off CD.2 CDA1 CDO
Table 50 CLKOUT frequency selection; note 1
cD.2 CD.1 cD.o CLKOUT FREQUENCY
0 0 0 foe
2
0 0 1 foe
T
0 1 0 fose
G
0 1 1 T
3
1 0 0 fosc
0
1 0 1 foe
kv
1 1 0 fose
14
1 1 1 fosc
Note

1. fasc Is the frequency of the external oscillator (XTAL).
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B The output control register € 4| * # 48 k&K =7 I 7 output driver °
H 4ok AS5 #77 o
Example:

OutControlReg =0x1A; //mormal output mode
//Tx0 Push-pull Tx1 Float

# A.5 bit interpretation of output control register [24]

Table 46 Bit interpretation of the output control register (OCR); CAN address 8

BIT7 BIT 6 BITS BIT 4 BIT3 BIT 2 BIT1 BITO
OCTP1 QOCTN1 OCPOL1 OCTFO OCTNO OCPOLO OCMODE1 | OCMCDEQO

Table 47 Interpretation of OCMODE bits

OCMODE1 OCMODEO DESCRIPTION
0 0 bi-phase output mode
0 1 test output mode; note 1
1 0 normal output mode
1 1 clock output mode
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€ SJA1000 bit time
& 2k 2_SJA1000 = bit time & % T_#%7 13 % bus timing register 0(BTRO)

22 bus timing register [(BTR1)  H 2+ 3 = ;X4cB] A.6 #751 ©

Table 44 Bit interpretation of bus timing register 0 (BTRO); CAN address 6

BIT7Y BIT6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BITO
SJW.1 SJW.0 BRPS BRP4 BRP3 BRE2 BRE.1 BRF.O

tye = 2 Xt % (32 x BRP.5 + 16 x BRP4 + 8 x BRP.3 + 4 x BRP.2 + 2 x BRP.1 + BRP.Q + 1)

where t- i = time period of the XTAL frequency = f1_
XTAL

Table 45 Bit interpretation of bus timing register 1 (BTR1); CAN address 7

BIT7 BIT6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
SAM TSEG2.2 TSEG2.1 TSEG2.0 TSEG1.3 TSEG1.2 TSEG1.1 TSEG1.0

TSEG1 and TSEG2 determine the number of clock cycles per bit period and the location of the sample point, where:

tsyncsee = 1 Xty
trsget =t X (8% TSEG1.3 + 4 x TSEG1.2 + 2 x TSEG1.1 + TSEG1.0 + 1)
trseca = tee X (4 X TSEG2.2 + 2 X TSEG2.1 + TSEG2.0 + 1)

_..| |"'—1CLK Baud Rate Prescaler (BRP)

~ U U U UULUUUL
-— TSEGT ~—l75EG2—=
ISYNCSEG
nominal bit fimeg — 09 ———————=
i f
F ETe TSEG1 TSEG2  |3vie TSEB1 i
{ = L1 1 11 11 = L1 1 1 |
! 1‘ f r 7
| | MGKEZ2

sample point(s)

Bl A.6 bit time 72+ 5 = ;2 [24]
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Example 1 : 500kbits/sec, BTR0=0x01, BTR1=0x18, f,;,, =12MHz

1
= sec
12x10° (sec)

ok X (32X BRP.5+16 x BRP.4+8 x BRP.3+4 x BRP.2+2 x BRP.1+BRP.0+1)

1
12x10°

tax = £

XTAL

t,=2xt

=2x

X (32x0+16x0+8x0+4x 0+2x 0+1+1)

= oxior 0

1

tSYNCSEG - 6 % 106

trge =ty X (8X TSEG1.3+4x TSEG1 2+2x TSEG1.1+TSEG1.0+1)

= I ~(8x1+4x0+2x 0+0+1)
6x10

= oxior 0

troue = L, X (4x TSEG2.242 x TSEG2. 1+TSEG2.0+1)

_ | = (4x0+2x0+1+1)
6x10

= oxior 0

normal bit time =t +1 +7

SYNCSEG TSEG1 TSEG2

= ! x(1+9+2)
6 X

10°
2
 6x10°
=2x10"sec

transmitting rate = —
2x10

= 500kbits / sec
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€ o4 STA1000 &72% T 4%

The host controller has to configure the following registers of the control segment
of the SJA1000 in reset mode:

Mode Register (in PeliCAN mode only), selecting the following modes of
operation for this application

— Acceptance Filter mode

— Self Test mode

— Listen Only mode

Clock Divider Register, defining

— if the BasicCAN or the PeliCAN mode is used

—if the CLKOUT pin is enabled

—if the CAN input comparator is bypassed

—if the TX1 output is used as a dedicated receive interrupt output
Acceptance Code and Acceptance Mask Registers

— defining the acceptance code for messages to be received

— defining the acceptance mask for relevant bits of the message to be
compared with corresponding bitsof the.acceptance code

Bus Timing Registers,.see also [6]

— defining the bit-rate-on the bus

— defining the sample*point in-a bit period (bit sample point)

— defining the number of samples taken:in-a bit period

Output Control Register

— defining the used output mode of the CAN bus output pins TX0 and TX1
Normal Output Mode, Clock Output Mode, Bi-Phase Output Mode or Test
Output Mode

— defining the output pin configuration for TX0 and TX1

Float, Pull-down, Pull-up or Push/Pull and polarity

Example: CAN initial #2 ;% #5%

ModeControlReg = 0x01 ; // Enter reset mode

ClockDivideReg = 0xCS ; //Peli CAN mode, RxO0 is active Rx1 ground
//External CLKOUT off

//ACR|AMR

AcceptCodeOReg = OxFF;
AcceptCodelReg = 0x00;
AcceptCode2Reg = OxFF;
AcceptCode3Reg = OxFF;
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AcceptMaskOReg = 0x00;
AcceptMasklReg = 0x1F;
AcceptMask?Reg = OxFF;
AcceptMask3Reg = OxFF;

// External Oscillator 12MHz, bit-Rate 250k bps
BusTimingOReg = 0x00 ;
BusTiminglReg = 0x18;

OutControlReg = 0x1A; //normal output mode
//Tx0 Push-pull Tx1 Float
ModeControlReg = 0x08; // Single Filter

€ Transmit Message % Tt 4%
B The host controller has'to cheek the “Transmit Buffer Status” flag (TBS) of
the Status Register, if-a new message can be place replaced into The
Transmit Buffer.

B Write TxFramelnfo, Txlddetity, TxBuffer to the Transmit Buffer.
Set Transmit Request.

B Wait Transmit Complete.

Example: Transmit 4% ;% 7§

void CAN_TRAN(Byte ID, Byte CANData)
{
Byte Tmpl1,Tmp2;
if( StatusReg & 0x04) // Transmit Buffer Status released
{
Tmpl1=ID>>3;//1D.28 ID.27 ID.26 1D.25 ID.24 1D.23 ID.22 ID.21
Tmp2=ID<<5;//1ID.20ID.19ID.18 X X X X X
TxFramelnfo =0x02; //FF RTR X X DLC.3 DLC.2 DLC.1 DLC.0
TxIdentifyl = Tmpl ;
TxIdentify2 = Tmp2 ;
TxBuffer01 = CANData ;
TxBuffer02 = CANData ;
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CommandReg = 0x01; //CMRO:Transmission Request 1:a
//message will be transmitted
while ( !(StatusReg & 0x08) ); //wait complete transimt

€ Receive Message 573K Zn 4%
B The host controller has to check the “Receive Buffer Status” flag (RBS) of
the Status Register. Is The Receive Buffer is full?

B Receive data from The Receive Buffer.

B After take the receive data, release The Receive Buffer.

Example: Receive #2.;% #5

void CAN_RECE(void)
{
Byte Tmpl,Tmp2;
if(StatusReg&0x01) //SRO:receiver buffer status, 1:full, 0:empty
{
Tmp1=RxIdentify1<<3;
Tmp2=RxIdentify2>>5;
CANID=Tmp1|Tmp2;

UartByteHex(CANID); //output receive CANID
CommandReg = 0x04; //CMR2:Release Receive Buffer, 1:released,
0:no action
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