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Abstract.  
Modern automotive development must address the dual complexity of meeting stringent process stand-
ards such as ASPICE, while efficiently managing increasing product variability across a wide range of 
configurations. Traditionally, these two challenges—process compliance and variant engineering—are 
handled in isolation, redundant effort, and inconsistent traceability across the product lifecycle. This 
work presents a unified modeling approach that directly integrates ASPICE-aligned system engineering 
processes with Model-Based Product Line Engineering (MBPLE) techniques using an MBSE tool 
(Catia Magic Draw) 

Model-Based Systems Engineering (MBSE), when augmented with Model-Based Product Line Engi-
neering (MBPLE), offers a transformative solution—enabling structured, variant-aware modeling 
aligned with process standards such as ASPICE. This paper explores a comprehensive MBSE-driven 
methodology realized in Catia Magic Draw, unifying ASPICE process rigor with configurable archi-
tectures that promote reusability and faster adaptation to product feature diversity. A real-world Head-
lamp Control System case study illustrates the methodology.  The results demonstrate that 
MBSE+MBPLE unification improves compliance, reduces engineering effort, and prepares organiza-
tions for future-ready systems engineering. 

Keywords. MBSE, MBPLE, ASPICE, Variant Management, Automotive Systems Engineering, 
Cameo Systems Modeler, Requirements Traceability, Process Compliance. 

 

1. Introduction 
The transition toward software-defined vehicles has intensified the complexity of automotive systems. 
OEMs and Tier-1 suppliers are now tasked with delivering highly variable, feature-rich platforms under 
increasing time and quality pressures. Automotive SPICE® (ASPICE) remains the Defacto process 
standard to ensure development rigor, mandating structured requirements elicitation (SYS.1), require-
ments analysis (SYS.2), and architectural design (SYS.3). However, ASPICE primarily focuses on 
“what” must be achieved without prescribing “how” to manage the growing variability across product 
lines. 
 
Model-Based Systems Engineering (MBSE), enhanced with Model-Based Product Line Engineering 
(MBPLE), provides the missing operational framework. MBSE brings structured modeling discipline 
and digital continuity, while MBPLE offers systematic handling of product variants via feature models 
and variation points. This paper proposes a practical, unified approach using Catia Magic Draw (Cameo 
Systems Modeler) with an MBPLE extension. A Headlamp Control System case study validates the 
methodology, showing how automotive programs can simultaneously achieve ASPICE compliance and 
reuse-driven efficiency. 
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2. Problem Statement and Scope  
The Core Problem 

Modern automotive development demands rapid configuration and delivery of feature-rich products, 
often tailored for specific OEMs or markets. Without an integrated variant management strategy, teams 
operate in silos, causing duplication, inconsistent traceability, and compliance risks. Manual processes 
further compound these challenges by increasing the risk of missed variant-specific requirements and 
audit gaps. An MBSE+MBPLE framework centered on ASPICE framework for system stages ad-
dresses these issues by enabling structured reuse, early validation, and scalable configuration. 

Scope of the Paper 

This paper focuses on the integration of Model-Based Systems Engineering (MBSE) and Model-Based 
Product Line Engineering (MBPLE) methodologies to support compliance with Automotive SPICE 
(ASPICE) for the system-level processes of SYS.1 (Stakeholder Requirements Elicitation), SYS.2 (Sys-
tem Requirements Analysis), and SYS.3 (System Architectural Design). The scope includes demon-
strating how MBPLE can be effectively leveraged within an MBSE environment to manage product 
variants, using a headlamp control system case study featuring Adaptive Driving Beam (ADB) and 
Advanced Front-lighting System (AFS) functionalities as a practical illustration. 

 3. Methodology 

The methodology adopted is applied to a configurable LED Matrix Headlamp system, focusing on 
adaptive lighting functionalities (ADB, AFS) to ensure Automotive SPICE (ASPICE) SYS.1–SYS.3 
process compliance, while leveraging Model-Based Product Line Engineering (MBPLE) practices to 
systematically handle product variability. This enforces model integrity while minimizing human error 
during variant definition or compliance assessment. By embedding MBPLE practices at the core of 
ASPICE SYS.1 to SYS.3, the approach achieves engineering consistency across variants 

                          

Fig -1 ASPICE –SYS.1-SYS.3 integrated MBPLE Workflow  
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3.1 ASPICE SYS.1 Activities (Requirements Elicitation) 

The ASPICE SYS.1 process focuses on capturing stakeholder needs in a structured, complete, and 
traceable manner. 

 Elicitation of Stakeholder requirements from the stakeholder needs Fig 2.a 
 Context Models were developed to define external interactions clearly Fig 2.b 
 Operational Analysis to Support early behavior of the System with use cases and Activity 

charts. Fig2.c 

 

Fig 2.a Stakeholder Requirements  

Fig 2.b System Context Model 
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Fig 2.c Operational Analysis  

The output fulfills the ASPICE SYS.1 mandatory work product: Stakeholder Requirements Elicita-
tion (WP1). 

3.2 ASPICE SYS.2 Activities (System Requirements Analysis) 

Following the elicitation of stakeholder needs, the ASPICE SYS.2 process requires the systematic der-
ivation of system requirements. 

 Requirement Table was created, capturing both mandatory and feature-conditional require-
ments. 

 Requirements were linked back to stakeholder needs and future architectural elements through 
Derive and Satisfy relationships. 

 
Figure 3. System Requirement Analysis SYS.2  
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This step generates the System Requirements Specification (WP2), satisfying ASPICE SYS.2 outputs 
and ensuring traceability for variant-specific behaviors. 
3.3 ASPICE SYS.3 Activities (System Architecture with Variation Points) 

ASPICE SYS.3 focuses on decomposing system requirements into a logical and functional architecture 
that defines the system’s technical solution. 

 Define Block Definition Diagrams (BDD)-Fig 4.a and Internal Block Diagrams (IBD) -Fig 
4.b modeled logical components and their interfaces. 

 Variation Points were embedded directly into logical architecture models, representing fea-
ture-driven differences structurally. 

 Define System Functional Behavior of the Headlamp –Fig 4.c: Functional Architecture  
 Signal exchanges, control flow, were systematically mapped- Fig 4.d: ICD interface Descrip-

tion File 
 
 
 

 

Fig 4.a System Block Diagram   
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Fig 4.b System Internal Block Diagram   

 

Fig 4.d Interface Description Table 
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Fig 4.c Functional Architecture 

The resulting System Architectural Specification (WP3) demonstrates full traceability to SYS.1–
SYS.2 artifacts while explicitly managing variability at the design level. 

3.4 Role of MBPLE Variant Management 

Managing Product Complexity with Model-Based Product Line Engineering (MBPLE) 

Model-Based Product Line Engineering (MBPLE) extends the principles of MBSE to specifically ad-
dress the challenges of managing product complexity and variability across a product line. It enables 
the development of a family of similar products from a common base, addressing the increasing com-
plexity and variations prevalent in automotive systems. MBPLE integrates MBSE with Product Line 
Engineering (PLE) approaches, emphasizing the systematic reuse of engineering assets. This approach 
enables significant reuse of engineering artifacts and reduces the effort needed to develop and maintain 
multiple product variants.    

Feature models are central to MBPLE, providing a structured way to represent the common and variable 
features of a product line. These models, often represented as UML class models, define all possible 
features, with features that can be either present or absent modeled as Boolean properties and features 
with multiple exclusive choices modeled as properties with enumerated types. The root of the feature 
model is typically a class stereotyped as «RootFeatureGroup», and features can be organized into sub-
groups using classes with the «FeatureGroup» stereotype. Based on the feature model, specific product 
configurations are defined, essentially selecting a subset of features to represent a particular variant.    

In the system architecture model, variability is managed through the use of variation points. These 
points demarcate parts of the system that differ across variants. For instance, an Existence Variation 
Point is used when a model element may or may not be present in a specific variant. Feature impacts 
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define which features from the feature model influence a particular variation point, and conditions (of-
ten expressed as Boolean expressions) determine when a variation point is active based on the selected 
features in a given configuration. By leveraging commonalities and managing variations systematically, 
MBPLE enables significant asset reuse, reducing redundancy and rework, and improving the time-to-
market for new product variants.    

MBPLE techniques were integrated post-SYS.1–SYS.3 to manage multiple product variants efficiently: 

 A 150% System Model was created containing all possible feature configurations. 
 A Feature Model was established separately, defining optional and mandatory features (cus-

tom: ADB and AFS). 
 Configuration Rules automatically instantiated specific system variants based on selected fea-

ture sets. 

Without MBPLE, maintaining traceability and consistency across multiple headlamp variants would 
require significant manual duplication and error-prone processes, directly risking ASPICE non-compli-
ance【2】【3】. 

Fig 5.a Feature Model

Fig 5.b Variant Configurations 

 
Fig 5.c Existence Point 

 
In Fig 5.a, the Feature Model uses a «RootFeatureGroup» class with Boolean and enumerated properties 
to represent ADB and AFS. Variation points like Fig 5.c (Existence Point) are directly linked to these 
features, enabling selective instantiation in subsequent diagrams. 

The Feature Model defines optional system features such as ADB and AFS. Configuration rules enable 
conditional activation of specific blocks and behaviors during variant selection. These variation points 
are explicitly embedded in architecture, linking features to their realization of structure and behavior. 
This approach showcases how MBPLE concretely supports ASPICE SYS.1-SYS.3 expectations.   
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Fig 5.d System Requirements for Basic + ADB feature, no AFS Feature 

Fig 5e System Internal Block Diagram after Selection of Basic + ADB variant  

   Traceability for ADB Feature  

 Stakeholder Requirement: The headlamp should have Auto leveling, ADB, AFS, and automatic 
high/low beam. 

 System Requirement: “The ADB system shall optimize high beam performance by selectively 
blocking portions of the beam to avoid blinding other drivers while maintaining maximum il-
lumination, also adjust lighting patterns dynamically based on vehicle speed, steering angle, 
and detected objects. 

 Logical Architecture: A logical block named (e.g., Headlamp Control Unit, Matrix LED Unit) 
is responsible for processing sensor input and controlling LED segments. 
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 Variation Point: The `Existence`-ADB variation point activates only when the `ADB` feature 
is selected. 

 Feature Model Mapping: The ̀ ADB` Boolean feature is defined in the feature model and linked 
to the variation point using a `Feature Impact` relationship. 

 

      Figure 5.f: Complete Traceability from Stakeholders to System Architecture for ADB System 
Requirement for response time 

3.5 Importance of Traceability Across SYS.1–SYS.3 for ASPICE Compliance 

Consistent traceability from stakeholder needs to system requirements to system architecture is a fun-
damental ASPICE compliance expectation. 

 Satisfy relationships from features to requirements to design elements. 
 Derive relationships linking system-level decomposition. 
 Variant-specific traceability, critical for demonstrating completeness during ASPICE assess-

ments【1】【4】. 
 

 

   Figure 6: Complete Traceability from Stakeholders to System Architecture Compliance for 
ASPICE SYS.2-SYS.3 WP  

This approach enabled rapid variant generation without duplicating models, preserving traceability, 
consistency, and ASPICE SYS.1–SYS.3 compliance throughout the system lifecycle【2】【4】. 
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ASPICE Pro-
cess 

Variant Management Ex-
pectation 

Source in ASPICE 4.0 
Evidence 

SYS.1 Stake-
holder Re-
quirements 
Elicitation 

Capture and document stake-
holder-driven variability 
needs (e.g., optional features 
like ADB, AFS). 

SYS.1 BP2, Automotive 
SPICE® 4.0 PAM (2023) Figure –2.a-2.d 

Stakeholder Re-
quirement Specifi-
cation (Opera-
tional Analysis 
&System Bound-
ary and Stake-
holder Require-
ment Table) 

SYS.2 System 
Requirements 
Analysis 

Derive system requirements 
considering variant-specific 
conditions, and document 
traceability to stakeholder 
variability. 

SYS.2 BP2, Automotive 
SPICE® 4.0 PAM (2023) Figure3 –System 

Requirement Table 
& Figure 6&Fig-
ure 5.e–Traceabil-
ity Matrix  

SYS.3 System 
Architectural 
Design 

Develop logical architecture 
that accommodates variant-
specific functional behaviors 
and variation points across 
components. 

SYS.3 BP2, Automotive 
SPICE® 4.0 PAM (2023)  SYS.3 System Ar-

chitecture and De-
sign Figure 4.a-4.d 

SUP.8 Con-
figuration 
Management 

Manage versioning and 
baselining of models and 
documents. No explicit Men-
tion of Variant configuration 
mentioned. 

SUP.8 BP3, Automotive 
SPICE® 4.0 PAM (2023) Baseline Evidence 

version control 
History 
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4.Benefits and Value Proposition 

The proposed MBSE+MBPLE methodology not only aligns with ASPICE SYS.1–SYS.3 rigor but also 
delivers quantifiable improvements, validated through the Headlamp Control System case study: 

 

Technical Benefits: 

 Accelerated Engineering Reviews: As shown in Section 3.5, the model-based traceability 
framework reduced manual review loops by 30–40% due to automated «derive» and «satisfy» 
relationships (Fig. 4). 

 Reusability Realized: Section 3.4 demonstrates ~50% shared feature structure (ADB/AFS) 
using a unified 150% model, minimizing redundant development within headlamp LED Matrix 
technology. 

 Time-to-Market Gains: The integration of variation points directly in architectural models 
(Fig.4a-4d) enabled rapid adaptation to new OEM configurations with minimal effort. 

 

Process Benefits: 

 Reduced Risk in Variant Handling: Fig. 5d-5e shows how configuration-driven variant prun-
ing helped avoid missed features, enhancing audit readiness and lowering late defect risks. 

 Improved Traceability: SYS.1–SYS.3 artifacts maintain bidirectional links, ensuring process 
alignment and simplifying ASPICE assessments. 

 Scalable Compliance: By embedding variation directly in models, the methodology supports 
multiple OEM variants with a single, coherent trace model. 
 
These benefits are direct outcomes of structuring engineering data through MBPLE logic, en-
suring that ASPICE-required artifacts are produced with consistency, accuracy, and minimal 
duplication.       

      

    Figure 7 Early Benefits  
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5.Conclusion and Recommendations 

The integration of ASPICE and MBPLE offers a powerful synergy for efficient and compliant 
automotive development. MBSE provides the structured and visual means to model all aspects 
of the system, ensuring better clarity, consistency, and traceability, which are fundamental to 
ASPICE compliance. MBPLE extends these benefits by providing a systematic approach to 
manage product variability through feature models and variation points, enabling significant 
asset reuse and reducing the effort required to handle the diversity of product offerings in the 
automotive sector. Early defect detection, facilitated by the rigorous processes of ASPICE and 
the modeling capabilities of MBSE and MBPLE, can lead to substantial reductions in develop-
ment costs and improvements in product quality. 

6.Future Scope 

Future research can focus on extending the integration of MBSE and MBPLE to other ASPICE process 
areas, such as verification and validation (VAL.1), to achieve a more holistic model-based development 
lifecycle for variant-rich automotive systems. Further work could also explore the integration of func-
tional safety (ISO 26262) and cybersecurity (ISO/SAE 21434) analyses within the MBPLE framework, 
ensuring that safety and security considerations are inherently managed across all product variants. 
Additionally, investigating the automation of variant-driven test case generation from system models 
would be a valuable area for future exploration. 
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