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Design and Performance Analysis of 10 MbpsCAN
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SHIGEHARU TESHIMAT! and YUKIHIRO MI1vYASHITA 2

Recently, automotive industry has atracted next genaration automotive pro-
tocols such as FlexRay. However, these solutions which shift to new applications
will not meet the cost and risk requirements. In this paper, we propose a new
automotive network protocol which can transmit data at a speed of 10 Mbps.
The new automotive protocol “10 MbpsCAN” is based on several changes to
CAN; a star topology, in which nodes are physically connected using a multi-
port gateway, and a new collision resolution algorithm which guarantees delivery
of a message within a finite period of time. According to our analysis using a
simulator, the “10 MbpsCAN” protocol demonstrated several advantages over
throughput performance of a conventional CAN, including a maximum possible
data transmission speed, high scalability, and reduction of priority inversion.
The implementation considerations of “10 MbpsCAN” are also reviewed briefly.
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Fig.1 Method to overcome the effects of propagation delays.
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Fig.2 Proposed collision resolution algorithm.
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Fig.3 Transmission between ECUs via a gateway.

00000000000000000000000000000000000000000
0D0000000000000000000000000000000000000000
0000000 1000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000D0000000000D00000000000000000000
0000D0000000D000D0000000000000 ECUODDOODOODOODO
000000000000 00000000000000000000000000
OO0DECUI00O00O0O0O0D ECU2000000000000000000000
00000000000000000000000
000000000000000000002000000000000100 ECU1O
00000000000000000000000000 30 (A)O (B)0 (C)00D00
00 10000000000000000000000000 ECU2000000000
000030 (D)0 (E)0 (F)O (G)0O0D0000000000D0 ECUOOODOOODO
0000000000000000000 ECUDOOOODOOO0O0000000000
00Y 0000000000000000000000000000000000000

0000ooooog Vol 50 No. 11 2643-2653 (Nov. 2009)

0000000000000000000000000000000000000000
00 ECUDO0OO0OO0O0O0O00O0O000O00000000000000000000
0ECUODODDOODOOOODOODOO0O0ON0NONDN0ON0ONN0DN0ONDN00Nonn
00000000000 000000000000000000000000000000

00 CANODOOODOOODOODOOOOOOCANODOOODOODOODOOODO0O0
0000000000D0000000000000000000000000000000
000000000000 0000000000000000000000000000
0 10MbpsCANOOOOOOOOO0OO0O000000000000000000000
0000000000000000000000000 CANOOOODOOOOODO00DO
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00 ECUOOODOOODOOO0OODO030 (D)0 (E)0 (F)D (G)00000

4. OO00OO0OO0OOOOOOOOOOOOOOOoOOn

goooooboooooobooooboooboobooooboboboooOOobObOooOo
goooooobooooobooooboooooooobobooooobooooboobbouoDoo
goboooooboooooooboobobooobboooobobooooooboboo

ooooopoooooD cANOOOOOoooooODOooooooooooooooo
000000000TindelOOOO0OO0O0O CANOODOOOOOOOOOOOOODBOO
0000000000000 000000000000000%700000000000
ooooO0O000O0000oooooooOOOO0OO0O0O0000O0O0O0O000 Rate Monotonic
Analysis 000 0000000000000 0O000000O00O0OCANOOOO critical
instant 00000000 O00CANOOOD critical instant 0000000000000
boooboboooooooooboooooboooooOooOoOobOooOoboOoboOoOoOoooOoDboo
doooooooobooooooobooooooooooooooooOoOobobbooogoo

gobooooboooooooobooooooboobOoOoOooobooOobocboOoooooDooo
obobooooboooooooobooooOooooOoOooOoOoooOooboOoOoDO 3oboboOono
gooobooooooooooooooooboooooooboooooooooooobooonoo
goooo

(© 2009 Information Processing Society of Japan



2647 10MbpsCAN OO OODOOOODO

HEXBANDREEF21—Av—D8

KE th/—r B/—K \
=]
A

iolp(i){ — i T} wo

&t /
. HEAYE—T 0
JETIRE Avb—UEE

04 ODO0O0OO0O0O0OOOOOOOOOOGCODOOOOO

Fig.4 Grouping of messages in a transmit queue of gateway.
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Fig.6 Comparison of worst-case response time of gateway ports for the simulation and calculated
results.

05 10MbpsCANOODOOODOOODO
Fig.5 Simulator overview (10 MbpsCAN).

01 10MbpsCANDOOODOOODOOODOODOOODOO

Table 1 Simulation parameters of 10 MbpsCAN. 18
Parameters Status 1
Number of ECUs 20
Number of gateways 1 $ 14
Size of message queue | 200 messages B
Data rate 10 Mbps % 1
Simulation time 10 seconds <10
I +EndtaEnd
_?IJ . +gateway—tu—ECU
0o0o000oooo00oDoo0oooboooo ;ﬁ.\\i
44 0O0000O0OOOOOOOOOOOOO %G
Jo0o0d00O000o0o0bOobOooOobDOonD 2000000000000 0DO00DOOOD W e
JdoooOoOO000ooooOo000ooDoObOo000DD Ww1oooooooooooo .
gooooooooooooooooooooooooa o
8 5 10 11 12 13 14 15 18 17 18 18 20
Deld0O000DOOO0O0OOOO0OOOODOODOOOOOOODOUOOOOOOOODOD TRES
00000000000000000000000000000000000000000 0 7 End-to-End DOOODOOODOOOODOD

Fig.7 Comparison of worst-case response time of gateway ports for the gateway-to-ECU and the

000 20000000000000000000000000000000000000 End-toFad results.

gooooooooooooooboooooooboooooobooboobooooooooooboo
gboooboooooboobooobooobooboooooooooOooooooOoboobooDo

0000ooooog Vol 50 No. 11 2643-2653 (Nov. 2009) © 2009 Information Processing Society of Japan



2650 10MbpsCANOOOODOOOODOO

00000000000000000000000000000000000000000
ECUOODO0O0O0000000000 Ene. 0000000000000000000
00000000000

0000D000000000000000000000000D000000000000
000000000000000 10MbpsCANOODOOODOOOOOOO0D000000O
0000 End-to-Endd 0 30 (A)D (B)D (C)O0 (D)0 (E)0 (F)O (G) 000000
0000000000000000070000000000000000000000
0 ECUDODODOODOODOODOO0DN0O0D00DN000000000000000
00000000000000000000000000000000000000000
nfufsfalulufalals

5. 10MbpsCANOODO CANOOOOOODOODOOO

10MbpsCANOOOODOOODOODOOOOOODOOOOODOO CANO 10MbpsCAN
0000000000000 000000000 10MbpsCANOOODOODOOOODOOO
O00000000O000o00o0ooO CANOOOOUOOOoOUOoOoooooooooooo
0000000 CANOOOOUODOOOO 10MbpsCANODDOOOOODODOOOODO 100
goooooooooboooooooooooooooooooboobooobobobobooooooo

51 OO CANOOOOOO

00000oogoo cANOOODODOOOOo 2000 ECUOD 1000000000000
Oo0O0OO0O0O0O00000oOopoooOoOO CANOODODODODODDOOO 1MbpsOOODOO
00000000000 000000000000 500kbps0000000010000
000000 ECUO 1000000000000000000 10MbpsCANODOOOO
gobobobobooooooooocooooooboobooooooooooooooooDooboa
goboooodobwobobooboooboooboooobooooobooobOooboboooo
000000oo00o0oo0oo0 10000000000 8000 CANODOODOO
gobooooooooon

5.2 0 0O0OAO

O0000000ooOoO0ooOoOg CANDO 10MbpsCANOOODOOOODOOOOOODO
00000 ECUOOOOO ECUOOOOOODO End-to-End0000O000OO0OO
0000000000000 O0010MbpsCANODODO CANO 1000000000000
000000000000 ooO0o10MbpsCANODO 2000000000000000O0O

0000ooooog Vol 50 No. 11 2643-2653 (Nov. 2009)

08 00O CANOOOOOOOOO
Fig.8 Simulator overview (CAN).
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Table 2 Simulation results in end-to-end simulation.

‘Worst case
Protocol Quantity of response message
(speed) message sets  Transmission Delay
cycle rate
(ms) (%)
1 (1%};) x1 12 15.867
2 10(%lf\ljl’icpsA)N x1 24 1.745
3 10(%‘;\1/[’icpgN x10 24 16.763
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Table 3 Synthesis results on the test board.
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