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Abstract : The proportion of software in vehicles has been increasing, and the transition to a software-defined vehicle(SDV) is
also rapidly progressing. In line with this trend, research on safe vehicle software verification methods that can quickly respond to
various user requirements has become prominent. However, in the case of hardware-in-the-loop(HIL) verification, simulation is
possible only in real time, and there is a limitation that software verification is not performed without hardware development.
Consequently, SILS testing that applies virtual ECUs has emerged, complementing the shortcomings of existing vehicle software
verification methods. Accordingly, this paper developed a steering system, the Steer-by-Wire(SbW) controller, as a virtual ECU
and applied it to the SIL environment to verify its performance and applicability through the operation of OS, ASW, and BSW.
This research primarily aims to feature the virtual ECU as an effective tool in vehicle software development and verification.

Key words : Virtual ECUC7ME 22} 401 22, SbWi(Steer-by-Wire, 2210} vlo] sfolof), HIL (Hardware-In-the-Loop, 3}
=9o] Q1 ©] FI), SIL(Software-In-the-Loop, AT E o] Q] § FI), Virtualization(7}48H, AUTOSAR(Automotive
Open System Architecture, 2 EA})

Nomenclature SDV : software defined vehicle
SIL  : software in the loop

ASW : application software
UDS : unified diagnostic service

BSW : basic software

Dcem  : diagnostic communication manager

. . 1. M2

Dem : diagnostic event manager
DTC : diagnostic trouble code HZ AsAf A Ao Aoy R AR
ECU : electronic control unit o] thgt AR el mEl SW(RZ ES o)) v]Fo] &
FMI  : functional mock-up interface s glew, swel H{AAE F438] S7kskar .
FMU : function mock-up unit AA| 2 Zpge] thekgt 75 S FdskaL Alofstr] f1a
HIL  :hardware in the loop Al A=A oG R|(ECU) 2] 7H5E 70 ~ 100 71 ©]
MCAL : microcontroller abstraction layer Folw, o] JI=o] ECUE HUEESH7] 913 A ES) o]
MIL  :model in the loop o] Zdol= 19 2l ool o] A9 A}k sSwrt
OS  :operating system A AA] SW A A EAd S @dslr] 91k &b
RWA : road wheel actuator F AT E o] 75 et gk AR oo A AL QlTk
SbW  : steer-by-wire 7|E A ECUC| 715 %<1 HIL(Hardware-In-the-
SFA  : steering feedback actuator Loop)2] 7§ A A MFof o] E(Actuator), A4S EA}S}
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Steer-by-Wire System 7|8t 714 ECU S Wob ¢t
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Table 1 Virtual ECU CAN message period measurement result

Trial (N) Period (ms) Trial () Period (ms)
1 4.988 6 4.989
2 4.978 7 4.973
3 5.005 8 5.002
4 4.985 9 4.998
5 5.012 10 4.975
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Table 3 Battery voltage test pattern

Battery voltage test pattern

Time (s) 0-5 5-10 10-15 15-20

Bat (V) 135 16.5 20.5 165
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