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Performance analysis of Scalable CAN with worst-case response time analysis

Ryo KurAcHI ,# HIROAKI TAKADA ,* MASANOBU NISHIMURA ff
and SATOSHI HORIHATA tt

The Controller Area Network (CAN) is widely employed in in-vehicle networks to install
new functions. However, CAN has significant restrictions on upper bound of maximum speed
due to its bitwise arbitration and acknowledgement sequences. Therefore, we have proposed
a new high-speed protocol ”Scalable CAN” to improve upper bound speed of CAN. In this
paper, we propose the worst-case response time analysis for ”Scalable CAN”. According
to our analysis, the Scalable CAN has achieved much higher throughput performance and

schedulability than CAN.
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Fig.1 Concept and migration image from CAN to
Scalable CAN.
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Fig.2 Message model.
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Fig.3 Example 1 for interference from pre-requested

message T2.
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Fig.4 Example 2 for interference from pre-requested

message 72.

4.2.2 O00000O0OOOOOOOO

goooboooooooooobooboobon
gobobobooooooooooboooooooooon
oooboooooooboooooooboboooooboon
odooooooooooooooooooooood

gbbooboooboooboi1bo00ob000bO0oooa
s O00b0dboooocooooobooooocooo
oobOs000000000 nOO0OOO0O0oo0oonDon
oo 2000000 bobobcboboooog O
oooooboboobosOOOOOO0OO0OOOOOOO0
oooooooooobobOOoOsO000000000
ooog3e000oooonD 10000210000

ECU; A

sg _ [

1; t ]

’ 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 t
0 [

HFA7)1 HAYI2

05 0000000 m 0O000D0OO
Fig.5 Example for interference from post-requested

message 71 .

4.3 OOOOCOOO

00o0ooooOoooooooooooooo ECU
goooooooooooooooooooooon
gobobooooooooooboooooooooon
gooooooooooboooooooooooon
000000000000 00oO00C0O0nbusy
period 00000000000 DOOO0OOOOOODO
gobooboooooooooboooboboooDbOon
goboboooooobooooooobooooooon

18-5

ESS2011
2011/10/20

goboboooooooooobooboooobooooon
ooooobooooooboboboooooooooooon
gooooooooooobooooooobooon

tJoo0o0o0ooooooobooboOobo0ooooDoonbOoo

0000000000 dnbusy period 0100000
oooo0o0o0000o0O0ooooooooooooog
oo0ooO0ooO0o0ooo0oooooooooooooo
oooo0o0ooooooooooooooooooo
oooooOo0ooooooooooooo

5. Joooogoo

gooooo EeECU00O0Oooooooooooo
goooooooooooooboooooooon
goooooboooooooooobooooooon
ggoboooooboooobobo

5.1 Maximum Request Function
0300400000000 ECUOOOOOO
gobocoooooboobooobooboooboobooboooo
000000 CANOOOOOoOOoOooooooooo
goooooooooooooboobooooooon
00 00000Maximum Request Function (MRF)
ooooo

MRFOOOOO ECUOOOOOOOOOOODO
0000 ECUDOODODDOOOOODODOOOODOD
goboboooooobbbooooooboobobo
MRFOOOOOOOCANOOOOOO Maximum
Interference Function (MIF)® 00000009 O
gobobobooooooooooobooooooobon
gooobooooooooooboobocoooooon
oooooMIFOOOODDO
MRFOOOOOOOOO0O0O0O0O0O0O0O0O0O0DD
ECuU00O0OOOOCOO0O0O0000O0OODOODOOD
ooooopooogooooooooooLeMOoOod
gogbooooboobobobobuoobobnobon
o000 RFOODOOOODOODODOOODDO
ORFOOODOOOOOOOOOOOOOODOOOO
ooooooOoo MRFOOOOOORFOOOOO
00000000000 0000000 stOO
goooooooooooooboooooooon
goooboooooooobo+«oooooboonooon
RF'(i,t) 000000000

0000000000 100000 ECU:0 1
O00000MRFOOODOODOOOOOOO
ECU,0 , O 000000LCMDO 250000
goooooooooboobobobob OO0 O
Or000000070200000002000

(© 2011 Information Processing Society of Japan



2011

Embedded Systems Symposium 2011

0000000000 RFOOOD e0O0OOOOOO
00000 (RF)(5,¢)0 REI(5,t) 0000000
goob0eO0OO0O0ODOOODODOODO,O 60
0000000000000 bob0b0b0o0o00o0onooon
0o0000000000O0OOOOOOOOOO0OxO
0000 ¢0000 ECU,O0 MRFOOO RF O
OoooooooooooobobobobobobooOoOooon
0000000 20000 y000000 (x,y)00
000000 Trepy OOOOOODOOOOO 200
gooooood
MREFL(t) = {(z1,11), (x2,92), -, (Tn, yn), TLom }
(2)

00000020000 60 MRFO MRF(t)
{(0,5),(7,4),25} 0000000

o [erE(5.0) a8 .. ;
orREs0|

| ;

0, I

5009 | 1

s ——— —_ 3

0123456 7 8 9 10111213141516 17 181920 21 22 23 24 25 x
RFI(5,0) [ 4 | [ 5

R[5 ] C+ 1]

0 6 ECU, O MRF
Fig.6 MRF in ECUs.

52 000000 CANOOOODO ECUODOD
0oooooooooon

000000 CANODOOODODODOOOO 10
000000000000000000000000
000000000000000000000000
000000 MRFOOOOOOOOOOOOO 10
0000 ECU,0 0O 000000000000
ECU,0000 100000000 MRFOODOOO
0000 RFOOOOOOOOO 100000000
000000100000000000000000
0000000000000000070000000
ORFOODDOODOODOOOOOOO 100000
0000000000000000000 10000
00000000 MRFOOOOOOODOOOOOOO
00000MRE@#)' ={(0,5,0y0000000
00000000 20000000 MRFOO 60
00000000000000000000 0000
MRF(t)? = {(0,5),(7,4),0} 000000
000004220000000000ECU.,00

18-6

ESS2011
2011/10/20

ORE(5,1)'
ORE(5,1)'

01234056 789 1011121314151617 181920 21 22 2324 25

REGH[ & ]
R[5 ]

07 ECU,00000 10000000 MRF
Fig.7 MRF for a message in ECUs;.
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Fig.8 Example for our proposed analysis.
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Table 3 Comparisons of the worst-case response delay
avarage for CAN messages and Scalable CAN mes-
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