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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.



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-SY8S.3 integrated MBPLE Workflow



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.

o . . . .
¢ Elicitation of Stakeholder requirements from the stakeholder needs Fig 2.a
e Context Models were developed to define external interactions clearly Fig 2.b
. . . . ..
e Operational Analysis to Support early behavior of the System with use cases and Activity
charts. Fig2.c
“Criteria
Scope (optiona): | 01_Stakeholder Needs Filter.| ¥+ Context (optional): © | Drag elements from the Model Browser | |_...
2 Name [a | Text [ Traced To [ Derived | priority [ category
The system shall have basic functions like Turn % Driver [ 573 Tum Indicator Requirements [
16 B SRN24 Basic Function SRN24 [indicator, high beam, low beam, hazard lights, Day £ OEM 8 72 High Beam Range High Functional
[lmeRunaing Laing E Headlamp & 71 Uniform lilumination Low Beam
The headlamp should have Auto leveling, ADB, AFS, | % OEM [ 571 Adaptive Driving Beam
automatic high/low beam. 8 SR14 Advanced Front Lighting System
515 Day time Running Lights
17 B 514 Smart Headlamp SRN4. 1 % Data to BCM High Functional
[ SR44 Smart Headlamp Requirements
} Automatic Adjustment ADB
eam Pattem Control
The headiamp should have s operation interfaceto | & Driver 1 High Beam Power ON Con
operate the headlamp and associated features % oM Hi
16 | B SAN17 Operste Headlamp SRN17 Sy i High  Functional
1 Smart Headlamp Power ON Condition
2 Smart Headlamp Power OFF Condition
Resetto Default Position
4411 SH Power OFF Condition 2
The head lamp should have 3 quick and easy % Driver 1 Left Tl Power ON Condition
18 | @ SRNIS Operate Tum Indicator  SRN18 =R s S 2 O m;;ll::’::;‘::;;"c":::m High Functional
Right Tl Power OFF Condition | ‘
The head lamp should have 2 quick accessible £ OEM 1 Hazard Light Power ON Condition [ [
20 B SRN19 Operate Hazard lights. SRN19 button to on/off Hazard lights % Driver Hazard Light Power OFF Condition Medium  Functional
Tur ON Priority
i features 2 Driver 7 DRL Tum OFF Response Time
quickly without delay % OEM DRL Turn ON Response Time
% Regulatory Bodies Hazard Lights Fault Response Time
B Headiamp Hazard Lights Turn OFF Response Time
5 Hazard Lights Tur ON Response Time
Tum Indicator Transition Time
eft TI Turn ON Response Time
€ft Ti Turn OFF Response Time
9 High Beam Transition Time
High Beam Tum ON Response Time
High Beam Tum OFF Response Time

Fig 2.a Stakeholder Requirements
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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.

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

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

= - Name [ Text Categories Derived From Traced To Remark
106 |B [ 573 Tum Indicator Requirements ! Basic Function © Operate Tum Indicator
The system shall turn ON Left tum Indicator light when user press left SRI12 Operate Tum Indicator | Turn ON Left Tum Indicator Assumption: it will have switch or 2n option on
b L] LSfE 71 Powrer ON Eonditon turn ON switch / touch screen option. fFonttional © Turn ON Right Turn Incicator touch screen
The system shall Tum OFF Left Tum Indicator light when user press left Operate Tum Indicstor | C3 Tum OFF Left Tum Indicator ‘Assumption: it will have switch or an option on
[ L] Left Tl Power OFF Condition tum ON switchy touch screen option Functional © Tum OFF Right Turn Indicstor touch screen
The system shall not turn ON Tum Indicator i battery capacity s less 121 Low Power protection | C Turn ON Lekt Turn Indicator ‘Assumption: 20% imit value s assumed
tha ALE: © Tum ON Right Turn Indica
109 Tl Battery Capacity Tum ON Constraint Functional b T“"‘ = L';H “"“ : “: o
um um Indicator(clz
2 Turn ON Right Turn Indicator(classifie;
The system shall turn ON Left Turn Indicator under 5 ms after receiving 20 Quick Response © Turn ON Left Tum Indicator ‘Assumption: 5 ms value s assumed
i Left T Tum ON Response Time LR i OB e Functional & R et
The system shall tum OFF Left Tum Indicator under 5 ms after receiving SR120 Quick Response € Turn OFF Left Tum Indicator Assumption: 5 ms velue s assumed
m Left T Tum OFF Response Time LR i e e O Functional B o S i
- P » The ystem shall switch under S ms when s directl tiggered fromene | ’ Quick Response € Turn ON Left Tum Indicstor Assumption: 5 ms velue s assumed
um ridicator Traisition Time. indicator ON state to another indicator ON state unchionil © Turn ON Right Turn Indicator
If hazard lights are alreacly ON, the system shall send a message to the © Turm ON Left Tum Indicator
Human-Machine Interface (HM]) to turn them OFF when tum indicztor © Tum ON Right Turn ndicator
m Tum Indicator Precedence Notification | ON command received. Functional
T Send message to HMIto tum off Hazan
T2 Send Message on HM to tumn off Hazar|
The system shall tun ON T LEDs for 1 second and keep tum OFF for 1 © Turn ON Left Tum Indicator Assumption: | sec o and off is assumed value,
second,with transition time of 10 ms © Turn ON Right Turn Indicats
! ght Turn Indicator
e Blinking Rets Functional |
J g b unetiend T Start Flashing Left Turn Indicator(conte
2B Start lashing Right Turn Indicator(
The system shall have Minimurn 100 candela (cc) in any direction & 2 Lumineus ntensity © Turn ON Left Tum Indicator Assumption:
Maximum 1,000 cd to avoid glare Minimum, OR Luminous Intensity: © Tum ON Right Turn Indicator Candela values are assumed based on data
115 3 Tum Indicatorintensity 100 candela (cd) forthe frent and rear indicators. Maximum Luminous  Non-Functional |avalable on INTERNET
Intensity: 1,000 candela (cd) to prevent excessive glare, according to
SAE J579 8 ECER112 respectively
The system shall support communication with the hazard light control T8 Send message to HMIto tum off Hazan
subsystem. |
116 § 572910 T & HL Communication Nen-Functional 2?"“3:‘:;2?“ T’\:‘ ‘“’t“"" o ez
um um Indicator
| Turn ON Right Turn Indicator
The system shall support diagnostic tools for fault detection and 2 Low Maintenance © Turn OFF Left Tum Indicator
troubleshooting.
i 1 T Diagnostc Toolsupport Non-Functionsl 2?’" S i
um um Indicator
© Turn ON Right Turn Indicator
- T it Hist The ystem shal record the activation history of the Tum Incicatorfor | ow Maintenance © Turn ON Left Tum Indicator
CHetn e, diagnostic purposes. RIEEREROe | Turm ON Right Turn Indicator

Figure 3. System Requirement Analysis SYS.2



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.

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

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

e Define System Functional Behavior of the Headlamp —Fig 4.c: Functional Architecture

e Signal exchanges, control flow, were systematically mapped- Fig 4.d: ICD interface Descrip-
tion File
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Ciiteria
{ Element Type: | Connector || Context:| Headlamp EGE Logical ] [ | e [T
# Part A Port A ftem Flow PortB Part B
1 |2 Headlamp E&E Logical 1 inout Ambient Light Data IN : iCAN ¥ ] Ambient Light DATA 7T inout Ambient Light Data IN : iCAN [l headlamp Control Urit : Head...
2 |2 Headlamp E&E Logical 31 inout Weather Data IN : iCAN » [ Weather DATA 0 inout Weather Data IN : iCAN [l headlamp Control Urit : Head...
3 |& Headlamp E&E Logical I inout Power IN : iPower » [ Flectric Power I incut Power IN : iPower [F1 headlamp Control Unit : Head...
4 |[A headlamp Control Unit : Headlamp Contr... [ out OBD data OUT : IDCAN » = OBD Data 31 out OBD system Data OUT : IDCAN = Headlamp E&E Logical
5 | headlamp Control Unit : Headlamp Contr...| |71 inout Power SubUnits OUT : iPower » 3 Electric Power T inout Power SubUnits IN ; ~iPower [ electrical Cooling Unit : Electri...
& | headlamp Control Unit : Headlamp Conr... | |1 inout Ri OUT: iCAN » [ Headlamp Status DATA 1 inout Headlamp_Sts OUT : iCAN =] Headlamp ESE Logical
7 | Matrix LEDs Unit : Matrix LED Unit [1] | out LED Matrixlight QUT : iLight » O Light 30 out Light OUT : iLight =] Headlamp E&E Logical
8 | Headlamp E&E Logical [Hinout Slope Data IN : iCAN » [51 Slope DATA 5 inout Slope Data IN : iCAN [El headlamp Control Unit : Head..
s B Headlamp E&E Logical J] inout Steering Data IN : iCAN P 5 Steering Angle DATA D inout Steering Data IN : iCAN [ headlamp Control Unit : Head...
10 = Headlamp E&E Logical D inout Vehicle Speed Data IN : iCAN P [= Vehicle Speed DATA D inout Vehicle Speed Data IN : iCAN [l headlamp Control Unit : Head...
1n =g Headlamp E&E Logical }] inout Battery Capacity IN : iCAN P = Battery Capacity data D Inout Battery Capacity IN : iCAN [ headlamp Control Unit : Head...
12 B Headlamp E&E Logical D inout Engine on/off status IN : iCAN P = Engine on/off status D inout Engine on/off status IN : iCAN [l headlamp Control Unit : Head...
13 E Headlamp E&E Logical J] inout Handbrake status IN : iCAN P 5 Handbrake engaged)di siatD inout Handbrake status IN : iCAN [ headlamp Control Unit : Head...
14 |[H actuator : Actuator [1] 30 in Actuator ctrl IN : ~iDigital /0 4 5 Trigger Actuator 31 out Actuator ctrl IN ; iDigital /O [ headlamp Control Unit : Head...
15 |2 headlamp Control Unit : Headlamp Contr... |1 inout Hazard Light CMD IN : iCAN o 3] Hazard Lights ON/OFF 30 inout Hazard Light CMD IN : iCAN & Headlamp E&E Logical
16 |8 headlamp Control Unit : Headlamp Contr... [ inaut High Beam CMD IN : iCAN « 3 High Beam ON/OFF 0 inout High Beam CMD IN : iCAN I Headlamp E&E Logical
17 |8 headlamp Control Unit : Headlamp Contr... |1 inout Low Beam CMD IN : ICAN « 3 Low Beam ON/OFE I3 inout Low Beam CMD IN': ICAN ] Headlamp ERE Logical
18 |TB headlamp Control Unit : Headlamp Contr... |1 inout Passing Light CMD IN : iCAN « 131 Trigger Passing Lights 153 inout Passing Light CMD IN : iCAN ] Headlamp ERE Logical
19 | headlamp Control Unit : Headlamp Contr... |1 inout Smart feature CMD IN : iCAN « [ Smart Feature ONJOFE 151 inout Smart feature CMD IN : iCAN =] Headlamp ERE Logical
20 |8 headlamp Control Unit : Headlamp Contr... |1 inout Turn Indicator CMD IN ; iCAN « 3 Turn Indicator ON/OFE T inout Turn Indicator CMD IN: iCAN =] Headlamp ERE Logical
21 |[B Matrix LEDs Unit : Matrix LED Unit (1] |11 in High Beam ctrl IN ; ~iDigital /0 « 3 High Beam ct 1 out High Beam ctrl OUT : iDigital /0 [ headlamp Control Unit ; Head...
22 |7 Matrix LEDs Unit : Matrix LED Unit [1] J:‘ in Low Beam ctrl IN : ~iDigital I/0 4 [ Low Beam ctrl J:‘ out Low Beam ctrl QUT : iDigital /O [ headlamp Control Unit : Head...
23 |TF Matrix LEDs Unit : Matrix LED Unit [1]  |]71 in Passing Lights trigger IN : ~iDigital [/O A [ Passing Lights trigger ctrl I out Passing Lights trigger OUT : iDigital /O [T71 headlamp Control Uit : Head...
2% g Headlamp E&E Logical D inout Ambient Light Data IN : iICAN D inout Ambient Light Data IN : iCAN [# headlamp Control Unit : Head...
% 2 Headlamp E&E Logical J] inout Battery Capadity IN : iCAN D inout Battery Capacity IN : iCAN [# headlamp Control Unit : Head...
2% = Headlamp E&E Logical D inout Camera Data IN : iCAN D inout Camera Data OUT : iCAN [# headlamp Control Unit : Head...
27 | & Headlamp E&E Logical 71 inout Camera Data IN : iCAN W [3 Camera Data 71 inout Camera Data OUT : iCAN [l headlamp Control Unit : Head...
28 |[7 electrical Cooling Unit : Electrical Cooling . Jj inout Electrical CU Feedback OUT : iCAN W 5 Electrical CU Feedback Jj inout Electrical CU Feedback IN : ~ICAN [P headlamp Control Unit : Head...
2 2 Headlamp E&E Logical J] inout Engine on/off status IN : iCAN D inout Engine on/off status IN : iCAN [# headlamp Conirol Unit : Head...
30 Q Headlamp E&E Logical D inout Handbrake status IN : D inout Handbrake status IN : iCAN [ headlamp Control Unit : Head...

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



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-SY'S.3 to manage multiple product variants efficiently:

e A 150% System Model was created containing all possible feature configurations.

o A Feature Model was established separately, defining optional and mandatory features (cus-
tom: ADB and AFS).

e 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] .

package Feature Model[ @ Feature WMode! IJ
«rign
| BlueKei Headlamp
fy afp wfy afy afy afy &y afy afp afy
+AFS +Mercedes +US +Europe +India +Tata +Ford +Honda +BF +ADB
afgy afge afge afge «fgn wfgy wfgn afge wfge afgy
Advanced Front Lighting System Mercedes us Europe India Tata Ford Honda Basic Feature Adaptive Driving Beam
atinbutes Sttrinwies attnbutes atinbutes stinbuies siirbures afinbuies afinbuies aftnbues attnbutes
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Fig 5.b Variant Configurations

[ Existence Point
B/ Relations
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i— {} Existence_AFS=
‘- {} Existence BF=

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

Traceability for ADB Feature

o 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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e Variation Point: The 'Existence’-ADB variation point activates only when the "ADB" feature
is selected.

e Feature Model Mapping: The *ADB" Boolean feature is defined in the feature model and linked
to the variation point using a "Feature Impact’ relationship.

Legend
§ 5R44-125-2 8H Amblent data via CAN Allocate
3 SH Camera data via CAN s Derived From
9 -5 SH Feedback data via CAN @ S—
ElHeadiamp Control Unit ® ; : s Refine
Biowe 9 -4 §H Matrix Control signal via CAN Satisied By
Y -7 SH Speed Data via CAN Trace
3 -5 8H Temperature datavia CAN Mulhple (twe-way)
t 7 8mart Headlamp Tumn OFF Response Time &
B cr44-2 Smart Headlamp Tum ON Response Time 5\ $ 57449 Smart Headlamp Turn ON Response Time @
%:E 20 Quick Response & E Headlamp
|2 Tum ON Smart Headlamp
| ThInitialize Smart Headlamp Features
"4 Receive Smart Headlamp Commandb & | Headlamp Control Unit

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.

e Satisfy relationships from features to requirements to design elements.

e Derive relationships linking system-level decomposition.

e Variant-specific traceability, critical for demonstrating completeness during ASPICE assess-
ments [1] [4] .
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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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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:

e 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).

e 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.

e 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:

e 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.

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

e 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.
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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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