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Abstract : Software-in-the-Loop Simulation is widely utilized in autonomous vehicle development due to its flexibility and
efficiency. Model-in-the-Loop Simulation enables rapid validation of control models but cannot capture practical ECU
constraints, such as computation and communication delays. In contrast, the virtual ECU in SIL allows testing of software
interactions under conditions closer to real hardware. However, discrepancies between MIL and SIL results necessitate
systematic analysis.

This paper proposed a methodology for verifying autonomous driving system logic under ECU-level conditions and
analyzing its impact on vehicle behavior. The study demonstrated the featured method’s ability to identify and mitigate
computation and communication delay issues at an early stage by examining control performance differences between MIL
and SIL. The proposed approach is expected to provide a reliable framework for constructing SIL environments.
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Fig. 1 V-model-based development and verification process
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Fig. 2 Autonomous driving system architecture
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Table 1 Utilized software and standards

Role Software/Standard Version
Vehicle dynamics IPG CarMaker 12.0.1
simulator
Control logic MATLAB/Simulink R2022b
vECU and Co-simulation Synopsys silver W-2024.09-1
Interface standard FMI 2.0
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Fig. 3 Software-in-the-loop simulation architecture

Table 2 Virtual ECU technical specifications

Specification Details

vECU generation tool Synopsys silver

Embedded Coder-generated DLL

Input source

Compilation method Host compiled
Hardware modeling N/A

Operating system Simulation OS provided by Silver
Integration standard FMI 2.0 for Co- simulation
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Table 4 Comparison of nrmse and pearson correlation across scenarios and model configurations

Integrated vECU = 533 vECU, PD-vECU = F-i 4+ vECU, F.D-vECU = 4 #4138 vECU
. . Scenario A Scenario B
Metric Signal
Integrated P.D-vECU F.D-vECU Integrated P.D vECU F.D-vECU
Velocity 0.230 0.256 0.046 0.092 0.093 0.283
Long. Accel 1.387 1.408 0.342 0.731 0.733 1.480
Lat. Accel - - - 0.411 0.709 1.799
Steering Angle - - - 0.385 0.536 2.469
NRMSE Yaw Rate - - - 0.423 0.697 1.586
RDx 0.274 0.269 0.275 0.483 0.482 0.286
RDy 0.166 0.527 0.169 0.527 0.858 0.858
RVx 0.470 0.523 0.166 0.333 0.337 0.579
RV 0.023 0.066 0.023 0.066 0.106 0.106
Velocity 0.99996 0.99995 1.00000 0.99999 0.99999 0.99994
Long. Accel 0.99595 0.99583 0.99980 0.99910 0.99910 0.99541
Lat. Accel - - - 0.99952 0.99894 0.98958
Steering Angle - - - 0.99958 0.99925 0.80066
Pearson Yaw Rate - - - 0.99950 0.99898 0.99222
RDx 0.99999 0.99999 0.99999 0.99996 0.99996 0.99998
RDy 0.99998 0.99968 0.99997 0.99968 0.99930 0.99930
RVx 0.99993 0.99990 0.99998 0.99991 0.99991 0.99989
RV 1.00000 0.99998 1.00000 0.99998 0.99994 0.99994
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