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Response Time Analysis with Architectural Considerations for CAN

SHINICHI ItyAMAT and HIROAKI TAKADATt

CAN (Controller Area Network) has become widespread as a de-facto standard of automo-
tive networks for control, and methods to evaluate the worst-case response times of messages
in CAN have been proposed. However, the conventional analysis for CAN message is dis-
cussed under an ideal model, and cannot be applied to an actual system. This paper points
out the problems of the conventional method. As a solution to these problems, we propose a
method to decide the worst-case response times of messages in more realistic system model.
We also apply our method to message sets currently considered for a control network of an
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actual automotive, and confirm the method to be effective.
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Fig.2 The communication model of a CAN node.
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Fig.3 A realistic situation in CAN.
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Fig.4 A maximum responce time of a message.
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Table 3 The effect of message assignments according to
their priorities.

goooooooooo
1 2 3
oooooo 2.77 1.27 1.09
oooood 1.24 1.12 1.12
oooooo 1.01 1.01 1.01
oooooo 1.84 1.16 1.09

gobooooooooooooobooooooooan
ooooooooooboobOobo 10000 845000
goooboooouooooboboooooooooo
00 200000 6.8200300000 3410000
oooooooooboooobooooooooooo
gbobooboooooooobooboooooooooo
gboooooooooooooobbooobooooooo
gbooobooooobooooboboobooboobobooo
goooboooooobooooooooobooooo
gboooobooooooooboooobooooan
goooooobooooooooobooooaon
gooboooooooobooooooooboooon
gbobooobooouoobooobocoOoooboOooDo
goobooooooobooobooooobooooooo
7.2 O000OO0OO0OOO0OOO0OOODOOOOO
ooooooooobooobooooooooooo
goooobooooooboooooooooooboan
goooooooooboobooooobbooooo
goooooooooboooboooooooooon
gooobooobooooobodoooooooobooooon
goboooooooooooooooooooooo
02000000000 O00C0000b000ooOoo
gobooooobooboi10bo0oobooboOoboobooon
gobooooooobooooboooboloooooboa 2
gobooooooooboooooooooobooooo
gbooooOoooobooOoooboooooooboobooono
gooboooooobooboooooooobooo
goooooooooooooon
gobooooboooooooooobooooobo
gooooooooobooboooboooboodao
oo 3ddooooooooooooooooga
jobooooobooooooboooooooboobooo
gbobooobooooooooobobooooooo
gobooooobooboooooooobooooooobooo
gboboooooooooooooo 20000000
ooo
ooboogooooooooooooobooooooDo
gooobobooobobo10o000bo000 3000

00000000000 cCANODOODDOooooooo 75

gooooooooboobooboooooooooo
goobooooboobooooooooooooo
goboooooooooobooobooboooooo
gobooocooboooooboboboobbOooo
gbooooooocoooboooooooooooon
gboooboboooboooooooboooooooDo
oooooooooooooboooooboooooon

8. OOooOod

ooooooboooooboboobooooooooon
ooboooodobobOoOOoboOobObOOobOOooooo
goboobooboooooooocoobooboOooboooao
gooboobooooooooooooooooooo
gobooooooooobooobooooobooooo
gboboooooooooooocooboobOboooon
goooobooobooobooo3gooobo 200
gooboo soobboboboooooobobooDboo
ooobOo400000000000000

goboooooooobounboboooooooon
gooooooobooooooooooooood
gobobooooooobooooobobooooooooo
gobooobooooooooooobooobooooo
gob1l1boooooooobooooboobooooaon
goboooobooooobooooobooooooon
gobooOoooooboooooboooooooooon
goooooooooooooobooooooooooo
gooooooboooobooobooooooobooDboo
goooooooool1oooooooooooon
gbobooooooooooooooooboooog
bobooooboooooooboobooooooboo

uobooooooobobooooOoooobooobooo
gooooocooooooooboobooboboboooo
goooooooooboooooobOobOooooo
gbobocooooooooobooooooooooo
ooooooooooooobOo 1000boboobo
goooboboooooooooooobooDbonbn
oooooooogoo

oo0ooo0O0obo0o00O00OOb0000000 critical
instant 000000000 0OCOOO0OO0O0O0OO
gbooobooooooobocoboooooboooboOoo
goboooooooooOoOobobOooooooooo

oboooobooobooooobooboooooo
ooooooooobooooooooooooooon
obooooooboooooooobooooooobooo
goooooooboooooobooboboboooobo
ooooooo



76 gooooooooooooboOoOooooooooo Jan. 2004

9. O O

gobooooboooooobooooooooooon
gboooobooobOoooooooooboooooon
oboboobOoooboooooooooooobooobooDo
goboooooooooooobooooooooooon
goooooboooboooooooooooooo
gooooooooodoboooooboobooooboooo

goooooooooboboobooooooooooogo

goooodooooooooobooooooooon
gooboooooooooboooooooooboooo
gbooooooooooobooboooobooooo
oboooooboooooboobooooboooobooo
gbobooooooobooboooooooooboooon
gooobooobooboooobooooooooo
gbooooboooboooboobooboobooooobo
gooooboooooooobOooobOobobOoo
gooobooobooooooobooooooooon
ooooodoooooooooooooooobooa
oog

U OoocoooooobOoOobOoocoooooo
000000000BR-OOO0OCOCOODOOOO
goooboooooobooooooboooboon
gbobooooooooooooooa

o o o o

1) International Standards Organization: ISO
11898, Road Vehicles — Interchange of digital
information — Controller area network (CAN)
for high speed communication (1993).

2) Tindell, K. and Burns, A.: Guaranteed Mes-
sage Latencies for Distributed Safety-Critical
Hard Real-Time Networks, Technical Report
YCS 229, Department of Computer Science,
University of York (1994).

3) Tindell, K., Hansson, H. and Wellings, A.J.:
Analysing Real-Time Communications: Con-
troller Area Network (CAN), Proc. 15th IEEE
Real-Time Systems Symposium (1994).

4) Tindell, K.W., Burns, A. and Wellings, A.J.:
Calculating Controller Area Network (CAN)
Message Response Times (1995).

5) Nolte, T., Hansson, H. and Norstrom, C.:
Probabilistic Worst-Case Response-Time Anal-
ysis for the Controller Area Network, Proc.
8th IEEE Real-Time and Embedded Technology

and Application Symposium (2002).

6) Audsley, N.C., Buns, A., Richardson, M.,
Tindell, K. and Wellings, A.J.: Applying
New Scheduling Theory to Static Priority
Pre-emptive Scheduling, Software Engineering
Journal, Vol.8, No.5, pp.284-292 (1993).

7) Sha, L., Rajkumar, R. and Lehoczky, J.: Pri-
ority Inheritance Protocols: An Approach to
Real-Time Synchronization, IEEE Trans. Com-
put, Vol.9, No.39, pp.1175-1185 (1990).

8) Marchok, T.E., Strosnider, J.K. and Tokuda,
H.: Token-Ring Adapter-Chipset Architectural
Considerations for Real-Time Systems, Proc.
10th IEEE Real-Time Systems Symposium,
pp-79-91 (1989).

9) Liu, C.L. and Layland, J.W.: Scheduling Algo-
rithms for Multiprogramming in a Hard-Real-
Time Environment, J. ACM, Vol.20, No.l,
pp-46-61 (1973).

10) Mok, A.K. and Chen, D.: A multiframe model

for real-time tasks, Proc. Real-Time Systems
Symposium, pp.22—29 (1996).
(00 15050 9000)
(OO 1Ooo9O10000)

oo og
20020000000000000
gboooooooboooooooao
uoooooooooooooooo
goboooooooooooooo
gooooooooooooooo

o0 ooooooao
ooooooooooooooo
ooooobocoobooDbogessn
gooooobooooooooooo
gooooooooobooboooo
‘. gooooooooooooooon
0000020030 4000000000000 0OSO
gooooboooboooooooboOoooooooo
0000000 ooOoOooITRONOOOOOOO
ooooDOO0O0O00000O000000 00 MIEEED
ACMODOOOOOOOOOODOOOOOO OOooOo
oooo




