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Abstract :

As a result of the technological advances in the E / E system, automotive system can

provide advanced functions for safety and comfort. In addition, mechanical systems is changed to

the electronic system. And the systems perform cooperative functions through communication. So

the E / E system becomes more complicated as the size of the system increases. In order to
secure the safety of complicated E / E system, ISO26262 standard require that Freedom from
Interference and Sufficient Independence be met. In this paper, we propose a software scheduling
method that can guarantee the independence between decomposed components after software
decomposition and software development of ASIL D level EPB (Electronic Parking Brake) system
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Fig. 1 Trend of vehicle systems
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Fig. 5 Scheduling trouble by system maintenance
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4. Design of the Scheduling with AUTOSAR
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Cycle

When Task Start:
Print “Statusinit”;

While FunctionExecution Time<Calibrafion
Print “StatusCycle”;

If TaskExecution Time==Calibation
Break;

Print “StatusExit”;

29 10, B3 AE vho]o] 1Y
Fig. 10 Relation of task status
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Table 2. Calibration value of task execution time
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Table 3. Validity of using shared resource

Existing Scheduling

CIEa =R

Operation of HOST
ESC(ms) EPB(ms) Existing Proposed I
50 50 O (0] ki
70 30 X 0 ]
30 70 X (0]
70 50 X X
70 70 X X

Propose:i Scheduling
Aztel T.ID.ET,, = 30ms, nID.ET, . = 9 12, Ao el aa
50ms¢l  Ag-  Al=¥EE HW  40ms (2% Fig. 12 Efficiency of the proposed scheme

(50ms-30ms)Y FHFALS 7HAA ) g e

7104 Bhtel Haaw ddgAgie] goldrhd, = T
71¥ 20ms wiH] 100%%HE A3@Azte] o Eou - I
tehe Alzge A4 539 5 gt g E—

Aedon Azde wpAn grag Add § oo
A Hszse AdAze @ Y rmerel

D=1 e

Frame.ET-7.HOSTET,, ,?) 100ms®th 24 ¢  ° TETTRT T TERTE TR T T,
T AN S FEAE APEARE AL % 2 13, gaa Aol o8 e
T Atk AEE ~AEH FERE VXY 74 " Fig. 13 Issues of task delay
a7 B4 F Qe AdARre] Hold Aol

ESCSt EPB ®j~z1e] AAzke 242b 70ms, v.d &
70mso.2 WAE Aol HOSTE 71E9 Wi,
Agrel By BE PPEgA @e A g0 BT 1) 59y Aa" FrdAN 57
& st Y Asg TR WPEHE AT #70A Lold

o 4§ HOSTel B¢ Avlud 71&e Wy 4 9 #A¥S i Ak
S 19 1339 Zo] ¥x=3¢Y Ewwslo] EPB$ FEE LAY AlgkE AHHel dAHH F
HOST ej=a % Folold wshs A% & 5 91 =do 494 seld, A282 SFav 4ush
th. HOST Ej2==7F A QWA the 7719 A4 He 2AEHY] oHFs dds] A 2AEY
S fAlzbel BABIE o= EPB Hlae] BAE  we ATtk AT ofolHe A%E ofold
93-S FA4 © Zolth. EPB HOST Bl~H BF olm, A ololElS TAEE EPBSF ESC A]2H
AgPrjgre]  F-FH3te] Exits $EIA Edta S S¥ee 3o R At AFE Yk
‘Cycle’s &3 A58 AT + At AT F7e S3 AT 5 dxol AMVIHS

g Aok Z)we] Fxe|AE HOST B2z AP 2HZ QlE dojue FAIE e
EXo] =8 ESCY EPBE AA oz 4% & Mg & Aok FHALE Bl Bz 715
AN 5 AT EAI=H S T W AZEY A ANAE AU AAANZD 7 o, 754l
g omg Uz FA5A St dAd 4AF TE 2o sSuekE Fadd Haart A5e A8
@ % 9ok s A Axwe] owa g 4 3



CHEUHICIES SISl =2 X

A FEF gt
OSEK7|¥e]  Cooperative 2=AZEHY NIS

YA 3 7s, vk e g 2237 8 Fol] W wEk

< kA ¥A st A HHY FxE e F

9lt}h. ®E3F Schedule table?] W7|A 7S &3]

279 AgAzte] Ut AlAF9

o] WrAstE AZHE AAANA & k. AT

2 F 20ms? F7F Ad& AHE

remain worst _'
smk 30E BAY 5 e A0 dgaE

Fehal ato] FA W),

rID.ET,, <T, <r.ID.ET, gt WA e
=

SAT A FA 2" e okAdH AjxEHe
AlzEe] AFLAA o F 7hs W SelA B
Zsbe Aol Folrth Fosau A3ty ~XEY
ool =A=Y ElelWol U3 nEE uH &
ol AAd ebd WA Y Fo] 7] wiEoeltt

oz Flrglole EJANA; LHde wHEF
T3 FERE AMSSE B duds Al ARlE]
A Aolm Az Q3 2AEY WEEL 5T A
28] Ao wet e A Aoz o, o
2 7S FPsE g X Edelrt B¢
SEH 7 AZEYo] 1 FAXAE uHE Fof
b A 7)ol 1EEA] ¥d W JHES &
Az ~

2
=

References

[1] H. Heinecke, KP. Schnelle, H. Fennel, J.
Bortolazzi, L. Lundh, J. Lefloure, J. LucMate,
K. Nishikawa, T. Scharnhorst, “Automotive
Open System Architecture-an Industry-wide
Initiative to Manage the Complexity of
Emerging Automotive E/E-architectures,” SAE
Paper, No. 2004-21-004, 2004.

[2] AUTOSAR “Layered Software Architecture,”
2007.

[3] B Leiner, M Schlager, R Obermaisser, “A
Comparison of Partitioning Operating Systems

for Integrated Systems,” Proceedings of

H 132 Ml 6= 201848 12 287

International Conference on Computer Safety,
Reliability, and Security, pp. 342-355, 2007.

[4] VDA, “Recommendation for Integrating
Actuators of Electric Parking Brakes Into ESC
Control Units,” VDA 305-100, 2015.

[5] The International Organization for
Standardization = “Functional  Safety”, ISO
26262, 2011.

[6] S. Schliecket, J. Rox, M. Negrean, K. Richter,
M. Jersak, R. Emst. “System Level
Performance Analysis for Real-Time
Automotive Multicore and Network
Architectures,” Proceedings of IEEE

Transactions on Computer—-Aided Design of
Integrated Circuits and Systems, Vol. 28, No.
7, pp. 979-992, 2009

[71C. L. Liu, J. W. Layland,
Algorithms  for

“Scheduling

Multiprogramming in a
Hard-Real-Time Environment,” Journal of the
ACM, Vol. 20, No. 1, pp. 64-61, 1973.

[8] K. Kwon, J. Lee, K. Kim, J. Kim, J. Kim
“Real-Time Task Scheduling Algorithm for
Automotive Electronic System,” Journal of
IEMEK J. Embed. Sys. Appl., Vol. 5, No. 2,
pp. 103-110, 2010. (in Korean)

[9] G.C. Buttazzo, M. Bertogna, G. Yao, “Limited
Preemptive Scheduling for Real-time Systems.
a Survey,” Journal of IEEE Transactions on
Industrial Informatics, Vol. 9, No. 1, pp. 3-15,
2013.

[10] S. Baruah, A. Burns, R.

“Response-time Analysis for Mixed Criticality

Davis,

Systems,” Proceedings of IEEE Real-Time
Systems Symposium, pp. 34-43, 2011.
[111 Q. Zhao, Z. Gu, H. Zeng,
Integrating Thresholds  Into
Mixed - criticality Scheduling,” Proceedings of

“Pt-amc:

Preemption

Design, Automation and Test in Europe, pp.
141-164, 2013.
[12] Q. Zhu, Y. Yang, M. Natale, E. Scholte, A.
Sangiovanni—Vincentelli, “Optimizing  the
Software Architecture for Extensibility in
Hard Real-time Distributed Systems,” Journal
of IEEE Trans. Ind. Inf., Vol. 6, No.4, pp.
621-636, 2010.

[13] H. Zeng, M.D. Natale, Q. Zhu, “Minimizing



288

[14] D. Sandell, A. Ermedahl,

Stack and Communication Memory Usage in
Real-time Embedded Applications”, Journal of
ACM Transaction on Embedded Computing
System, Vol. 13, No. 5s, 2014.

"Static  Timing
Analysis of Real-time Operating System Code”,
Proceedings of nternational Symposium On
Leveraging Applications of Formal Methods,
Verification and Validation, pp. 146-160, 2004.

[15] N. Holsti, T. Langbacka, S. Saarinen, "Using

Execution-time  Tool for
Verification of the DEBIE
Software”,  Proceedings of EUROPEAN
SPACE AGENCY-PUBLICATIONS-ESA S,
No. 457, pp. 307-312, 2000

a Worst-case

Real-time

[16] P. Puschner, A. Schedl, "Computing Maximum

Task Execution Times - A Graph-based
Approach”, Journal of Real-Time Syst, Vol.
13, No. 1, pp. 67-91, 1997.

[17] R. Kirner, P. Puschner, "Measurement-Based

Worst-Case Execution Time Analysis Using
Automatic Test-Data
Proceedings of WCET'04, 2004.

4

Generation,”

Junyeol Choi (3 & 9)

He is received MS

. degree from

i

Sungkyunkwan University
in 2012. He has been
working at the MANDO
brake

;.
‘ H 2015.

Email: trustcjy@gmail.com

center since

Joonhyung Cho (% F ¥)
He is received MS
degree from Kyungpook
National University in
1996. He has been the
team leader of MANDO
brake
2010.
Email: joonhyung.cho@halla.com

center since

AUTOSAR JIgt SR Xt

1018 AHEE P2

[uind

[18] S. Bunte, M. Zolda, M. Tautschnig, R.

Kirner, “Improving the Confidence in

Measurement-based Timing Analysis,”
Proceedings of IEEE International Symposium
Object
Real-time Distributed Computing, 2011.

[19] I. Wenzel, R. Kirner, B. Rieder, P. Puschner,

“Measurement-based

/  Component / Service-oriented

Timing Analysis,
Leveraging Applications of Formal Methods,
Verification and Validation,” 2009.

[20] S. Anssi, S. Tucci, S. Kuntz, S. Gerard, F.
Terrier, “Enabling Scheduling Analysis for
AUTOSAR Systems,” Proceedings of IEEE
Object,

Real-Time

International Symposium on

Component, Service-Oriented
Distributed Computing, pp. 152-159, 2011

[21] J. Choi, Y. Kim, J. Cho, Y. Choi, “The

FMEA Vehicle

Safety,“ Journal of Korea Multimedia Society,

Vol. 21, No. 9, pp.1099-1109, 2018.

[22] Lemon. K, “Introduction to the Universal

Software guideline  for

Measurement and Calibration Protocol XCP.”
SAE Technical Paper, 2003.

Yunja Choi (%) & #D

She is received Ph.D
from Minesota
University in 2003. She
has been a professor at
National

Kyungpook

AL ) -3
‘i: 9?3
Email: yuchoi76@knu.ac.kr

University since 2010.





