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Abstract— Robotic systems increasingly rely on learned mod-
els for perception, estimation, and control, yet neural networks
are often developed as opaque artifacts with limited archi-
tectural structure and weak integration into robotic software
pipelines, hindering modularity, validation, and reuse in safety-
critical and resource-constrained applications. We advocate
treating model-structured neural networks (MSNNs)—neural
architectures that explicitly embed physical relations, para-
metric models, or control principles—as first-class software
components within robotic systems. We present nnodely,
an open-source framework supporting the structured de-
sign, training, composition, and deployment of such models
through an intermediate architectural abstraction and inter-
operable export mechanisms. We outline the software en-
gineering principles underlying nnodely and discuss open
challenges toward systematic lifecycle management of struc-
tured neural components in robotics. nnodely is available at
https://github.com/tonegas/nnodely,

I. INTRODUCTION

Neural networks are now pervasive in robotic systems,
supporting perception, estimation, planning, and control.
However, their development typically follows data-centric
workflows and results in components that are weakly aligned
with established robotics software engineering practices.

General-purpose frameworks such as PyTorch and Ten-
sorFlow provide flexible tensor abstractions, while spe-
cialized tools—including PINN| libraries (e.g., DeepXDE),
equation discovery frameworks (e.g., PySINDy)—support
physics-aware learning or structured optimization. Con-
versely, robotic middleware and modeling environments
(e.g., ROS 2| |[CasADi) focus on integration and deployment
but treat learned models as opaque modules. Consequently,
limited support exists for the systematic lifecycle manage-
ment of structured neural components within robotic soft-
ware systems.

MSNNs, which embed physical relations and control
principles into neural architectures, bridge model-based and
data-driven approaches [1], [2]. However, their development
remains largely manual and fragmented. We introduce a
framework enabling their structured design and interoperable
integration within robotic systems.
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II. NNODELY FRAMEWORK

nnodely is designed to support the engineering of MSNNs
within robotic systems. The framework addresses the lack of
structured development workflows for neural components.

At its core, nnodely provides an intermediate architec-
tural representation that decouples high-level model spec-
ification from backend implementation, enabling portabil-
ity and reproducibility. The framework structures the full
development lifecycle—from model definition and dataset
construction to training, validation, composition, and ex-
port—within a unified pipeline.

A key feature is the explicit management of intercon-
nections between neural components. The framework distin-
guishes feedforward connections from closed-loop updates,
enabling disciplined modeling of controllers and intercon-
nected subsystems. In multi-model configurations, individual
components can be selectively trained or exported, support-
ing modular development and incremental refinement.

Finally, nnodely ensures interoperability by exporting
models to standard formats for integration with robotic mid-
dleware, simulation environments, and control toolchains.
This positions structured neural networks as modular soft-
ware elements rather than isolated training artifacts.

III. CONCLUSIONS AND FUTURE DIRECTIONS

nnodely is under active development and aims to be-
come a flexible framework for integrating structured neural
components into robotic control pipelines. Key challenges
include extending the development workflow to support
seamless integration of neural modules from external re-
searchers, strengthening interoperability with robotic control
platforms and real-time stacks, and enabling efficient export
and execution on embedded systems.

Overall, nnodely represents a step toward engineering
MSNN-based components as reusable building blocks for
robotics. Advancing these directions will strengthen its role
as a framework for disciplined integration and deployment
of structured neural models in robotic control architectures.
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