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Agenda

▪ Why Software-in-the-Loop?

▪ Why Standards for SiL?

▪ VDA Automotive SiL Architecture

▪ VDA Automotive SiL Management Process

▪ Implementation and Proof-of-Concepts

▪ Proof-of-Concept based on Simulink with FMI3.0

▪ Key Takeaways
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Why Software in the Loop?

• Functional complexity of the automotive 
industry is constantly increasing

• Majority of the market growth is driven 
by SW-intensive systems

• Development cycle times reduction

• Frequent SW updates necessity (e.g. 
security, feature upgrades, fast changing 
environment) required

➢ Verification only possible via fast and high scalable virtualization / SiL and digital twins, models and data

➢ Intensive field-based validation cycles (operation) required to validate the assumptions, the system 

robustness and to collect field data

➢ Verification & validation highly synchronized and merged to one cycle via data & digital twins in the backend
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SiL Classification and Types of vECU
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Why Standards for SiL?

• SIL components need to be compatible and therefore standardized, because

• Functions being distributed across several nodes and domains need to be verified early 

in SIL environments 

(-> several vECUs to be combined in one SIL setup)

– X-domain compatibility

• SIL components in projects are coming from different companies

(e.g. OEMs / TIER1s / tool provider)

– X-company compatibility

• Components need to be runnable in different execution platforms (e.g. PC, server, 

cloud)

– X-platform compatibility
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VDA Project Group SiL Standardization

Goals:  

▪ Recommendation for the topic SiL-System Interface Standards

▪ No reinvention of existing standards, enhance/ extend Requirements if 

required 

▪ Proprietary solutions in the industry shall be replaced by new standards
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Current VDA Project Group Participants
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Automotive SiL Architecture by VDA

ASAM XIL

VDA SiLVI

FMI 3
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SiL Management Process based on ISO29119-2: 2021
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Implementation, Proof of Concept I, Use Case ACC 
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Implementation, Proof of Concept II, Use Case Window Regulator 
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MathWorks participation in VDA SiL standardization project

▪ SiLVI interface defined for standardized coupling of vECUs with virtual 

vehicle bus system

▪ FMUs used to integrate SiL artifacts (plant models, vECUs, virtual vehicle

bus) into a simulation framework

▪ MathWorks working on establishing Simulink as a SiL framework

– FMI 3.0 import and export support starting with R2023b
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Simulink as a SiL framework
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Simulink supports the FMI standard

Starting with R2023b FMI 3.0 is also supported 
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New FMI 3.0 features in R2023b

▪ Support for binary, all integer and 

single-precision data types for

I/Os and parameters

– No casting to double and int32 data

types needed like in FMI2.0

▪ Support of array data (vector, 

matrix) for I/Os and parameters

▪ Direct Feedthrough

– For Co-Simulation Mode if Event 

Mode is supported by importing tool

– If Event Mode is not supported, 

one step delay like in FMI2.0
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Other supported features for FMI 3.0 and FMI 2.0

▪ Source code FMU export

– Generated source code in C can be used for 

cross-platform workflows

▪ Log internal variables and expose them 

as FMI outputs

Real-time SimulationDeploy desktop simulation 
on different OS
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Other supported features for FMI 3.0 and FMI 2.0

▪ Support of units, description and 

individual selection for parameters during 

export

▪ Export and import a model with variants

– Use Startup Variant

Export

Import
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Key Takeaways

▪ SiL is one of the main continuous testing environments for the automotive industry

▪ SiL components need to be compatible and standardized for flexible tool selection and by 

reduction of proprietary Interfaces. SiL standards enable highly automated SiL environment 

generation

▪ Standardization is the basis for scalable Cloud based CX Integration platforms

▪ MathWorks is collaborating with the industry through VDA SiL Standardization project

group to demonstrate proof of concept for SiL workflow

▪ MathWorks has support for FMI 2.0 and 3.0
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