Model-based systems engineering shifts from niche to necessity amid rising system complexity and digital twin integration
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Model-based systems engineering is moving from a specialist practice to a more practical necessity as products become more software-heavy, more connected and harder to manage with static documents alone. In an interview published by Electronic Design, Becky Petteys of MathWorks argued that the old mix of Word files, spreadsheets and slide decks struggles to keep pace with modern systems because it leaves relationships between requirements, architecture and interfaces largely implicit. That makes it difficult to maintain a single source of truth, and it increases the risk that teams working on different disciplines will drift out of sync.
The appeal of MBSE, according to the Electronic Design report, is that it replaces scattered paperwork with a shared model that shows how system elements fit together and behave. That idea is echoed by Zuken, which says document-centric engineering is increasingly strained by cyber-physical products combining mechanical, electrical and software components. One example cited by Electronic Design is Gulfstream Aerospace’s eSAM approach, built on System Composer, which the company uses to replace much of its document-based workflow with functional and logical architecture models.
A major extension of that approach is the use of high-fidelity digital twins. The Electronic Design interview describes these as executable models that let engineers simulate how a system behaves over time rather than merely sketching it on paper. Academic work in MDPI and ScienceDirect similarly frames digital twins as dynamic virtual representations that can be kept in step with a physical asset across its lifecycle. Together, those sources suggest the same direction of travel: verify earlier, test more often in simulation, and expose integration problems before hardware exists.
Adoption is strongest where complexity is rising fastest. Electronic Design points to aerospace, automotive, defence, energy and healthcare, where software-defined products and systems-of-systems architectures make late discovery of interface problems especially costly. The article also notes Siemens Energy’s use of Simulink and MBSE methods in project line engineering, combining standardised architectures with project-specific variation. That balance of reuse and customisation is becoming more valuable as organisations try to keep pace with tighter regulatory, safety and update requirements.
AI and data science are beginning to make MBSE workflows more productive, but they are not replacing engineering judgement. According to the Electronic Design interview, AI can draft early requirements, generate initial models, produce reduced-order simulations and help with consistency checks and documentation. Data science adds another layer by clustering results, spotting anomalies and connecting simulation, test and operational data. The challenge, as Electronic Design notes, is not only technical; it is also cultural, because many firms still rely on document-led habits and fragmented proprietary tools. Emerging standards such as SysML v2 may help, but the broader shift toward interoperable, data-centric engineering is still underway.
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