Systems R&D: Why Managing R&D
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Requires a Different Approach
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The Core Technologies framework starts with a straightforward premise: name the specific areas of applied science
your company is advancing, and manage your R&D against them.

For many companies, that structure alone — discrete technology areas, clearly defined, with R&D activity classified
against each — represents a significant step forward from managing R&D purely at the project level.

But for companies whose most challenging R&D happens not within a single technology area, but at the points
where multiple technologies meet, the discrete model is necessary but not sufficient. A robotics system integrating
mechanical, electrical, software, and sensor technologies is not advancing four separate core technologies in
parallel — it is advancing a system, and the hardest R&D problems arise specifically at the interfaces between its
components. Managing that complexity requires a framework that can represent not just individual technologies,
but the relationships between them.

That is what systems R&D addresses.

What systems R&D means in practice

The term systems R&D refers to research and development activity that spans multiple integrated technology
areas, where advancement in one area depends on, or is constrained by, the state of others.

This is most visible in Industry 4.0 contexts — manufacturing environments where mechanical engineering,
electrical systems, software, sensor technology, and data infrastructure are being integrated into unified cyber-
physical systems. The R&D challenge is not to advance any single one of these technologies in isolation, but to
understand how they behave when combined, and to resolve the challenges that arise specifically at their
interfaces.

Anindustrial automation company integrating a new robotic system into an existing production line is not doing
robotics R&D alone. It is doing interface R&D — investigating how the motion control system interacts with the
existing mechanical process, how the sensor network communicates with the control architecture, how the
software layer manages the combined system under variable load conditions. Each interface is a potential site of
genuine technical advancement, and each represents a discrete R&D investigation that needs to be connected to
the relevant core technology areas.

The same pattern appears in MedTech, where device engineering, materials science, software diagnostics, and
regulatory validation methodology must advance in coordination. In AgriTech, where plant science, sensor systems,
and data processing interact. In software platforms, where proprietary algorithms, security architecture, and
infrastructure engineering are interdependent. The sectors differ; the structural challenge is the same.

Where R&D actually happens in complex systems
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A common mistake in managing systems R&D is to treat the component technologies as the unit of analysis, and to
miss the R&D that happens between them.

Interface complexity — the technical challenge that arises specifically where different materials, joining
mechanisms, protocols, or subsystems interact — is one of the richest sources of qualifying R&D in advanced
engineering. It is also the most systematically underdocumented, because it does not sit cleanly within any single
technology owner's remit.

In a complex engineering project, points of genuine technical advancement are disproportionately concentrated at
interfaces: where a new alloy meets an existing joining process; where a new sensor protocol must be integrated
with legacy control software; where a biological material interacts with a polymeric scaffold in a medical device.
These are not standard professional engineering problems. They are sites of advancement beyond the known state
of the art — the kind the Core Technologies framework is specifically designed to surface and capture.

The implication for R&D management is that the documentation system must be able to represent not just
individual technology investigations, but the connections between them. A work package investigating an interface
problem needs to be linked to the multiple core technology areas it sits across — not assigned to one and lost to the
others.

Multidisciplinarity and R&D governance

Systems R&D is inherently multidisciplinary. A single investigation may require input from mechanical engineers,
software developers, materials scientists, and regulatory specialists — none of whom naturally speak each other's
language when it comes to documenting technical advancement.

This creates two governance challenges. The first is capture: ensuring that each discipline's contribution to the
investigation is documented in a way that is coherent across the system, not just internally consistent within a
single specialisation. The second is classification: ensuring that work done by, say, a software team in service of a
mechanical systems investigation is correctly recognised as R&D, and connected to the right core technology areas.

The architecture of connected R&D

The next evolution of R&D management infrastructure moves away from forms and project templates toward a
network knowledge architecture — representing R&D activity as discrete nodes (investigations, challenges,
technologies, IP assets) connected by logical branches that reflect the actual relationships between them.

In this model, a core technology is a node. The investigations that advance it are connected nodes. The IP assets
that result from those investigations are connected further downstream. When a work package spans two core
technology areas, it connects to both — and the system can represent that relationship explicitly rather than
forcing an artificial single assignment.

This architecture scales naturally with complexity. A company with three core technologies and ten active
investigations has a small, legible network. A company with eight core technologies, forty investigations, and
multiple active grant projects has a larger network — but the structure remains navigable because the relationships
are explicit. The alternative — a flat list of projects with no representation of the technologies they are advancing or
the investigations that connect them — becomes unmanageable at scale and produces an incomplete picture of the
company's R&D activity.

Conversations, meeting transcripts, and technical sessions become inputs to this network rather than separate



documents. Al-assisted tools can transform a technical planning session into a structured investigation record,
connecting it to the right core technology nodes and surfacing the advancements it is attempting to make. The
documentation burden shifts from retrospective reconstruction to real-time capture — with the system doing the
structural work of connection rather than leaving it to the engineer or the R&D manager.
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