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Abstract—Self-reproduction is a foundational principle in bio-
logical systems, offering a path toward scalable and autonomous
construction in engineered environments. Here, we present a
conceptual framework for a modular self-reproducing robot
designed for operation in extreme or inaccessible conditions
where human intervention is limited or infeasible. Inspired by
cellular division, the system comprises identical modules capa-
ble of magnetic connection, disconnection, and reconfiguration
through hinge-aligned stacking mechanisms. This architecture
enables smooth, continuous 3D transformations and recursive
structural replication with multiple degrees of freedom, including
DNA-like configurations. The proposed design supports dynamic
reassembly and structural scalability, laying the groundwork
for autonomous robotic systems capable of adaptive growth.
Future work will focus on hardware prototyping, learning-based
simulation in MuJoCo, structural complexity analysis, and sim-
to-real transfer, aiming to systematically explore the feasibility of
this biologically inspired strategy and to establish a theoretical
foundation for future applications in space and other high-risk
environments.

Index Terms—Self-Reproducing Robot, Modules, Magnetic
Control.

I. INTRODUCTION

OBOTIC systems have demonstrated remarkable utility

across a wide range of structured environments, yet their
deployment in remote, harsh, or unpredictable settings remains
a major challenge. Applications such as space exploration
[1], deep-sea inspection [2], and disaster response expose
robots to operational conditions that are difficult to predict,
maintain, or recover from. Over time, these conditions can
lead to mechanical degradation, system failure, and mission
interruption. Representative examples of such scenarios are
illustrated in Fig. 1, showcasing robotics in space, underwater,
and post-disaster environments.

Fig. 1: Robots in extreme environments: (left) Mars rover
from NASA, (middle) a bio-inspired underwater robot (source:
Festo), and (right) Boston Dynamics’ Spot for disaster re-
sponse. Images sourced from the public internet and used here
for educational purposes only.

A key limitation of most engineered systems is their static
nature. Once deployed, they lack the capacity to grow, repair,
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Fig. 2: Tllustration of the biological cell division process.

or reproduce [3]. In contrast, biological systems offer a robust
paradigm for sustainability. Cells, as shown in Fig. 2, for
example, reproduce through a cycle of absorbing external
nutrients, expanding and dividing into identical offspring [4].
This process enables autonomous propagation and resilience
in changing environments. Inspired by this biological principle
[5], the concept of a self-reproducing robot has emerged—one
that can absorb modular components from its surroundings,
expand its own structure, and assemble a detached copy
of itself. Prior work in this area has primarily focused on
three-dimensional modular architectures [6], such as cubic
self-replicating robots [7]. While effective in demonstrating
feasibility, these systems often lack structural versatility and
topological adaptability.

Fig. 3: Reversible transformation between 2D and 3D.

In this work, we introduce a planar-to-spatial self-
reproducing robot composed of triangular modules connected
via hinge joints. This design allows for reversible transfor-
mation between compact 2D configurations and functional 3D
structures, as illustrated in Fig. 3. By enabling foldable, stack-
able replication processes with multiple degrees of freedom,
the system expands the geometric and operational scope of
modular self-reproduction. This approach offers a new path-
way to investigate the feasibility and structural mechanisms of
biologically inspired robotic self-replication.

The remainder of this paper is organized as follows: Sec-
tion II describes the detail concept construction; Section III
concludes with future work; and Section IV for conclusion.



II. CONCEPT CONSTRUCTION

Our proposed self-reproducing robot is composed of mod-
ular units that are capable of folding and autonomously
attaching to each other through magnet. With magnet in each
modules, as shown in Fig. 4, they can connect together and
become a huge one. Each piece is geometrically identical and
designed to serve both as a structural component and as a
reproductive element. This dual function allows the system to
dynamically reconfigure itself and scale in structure through
physical reproduction.

Fig. 4: Modular self-assembly process. Each triangular module
can fold and unfold. With magnet in each modules, they can
connect together and become a huge one. This forms the
foundation of scalable physical self-reproduction.

A. Magnetically Controlled Connection Strategy

At the center of this robot’s design is a simple idea: using
magnet force to control whether parts stick together or come
apart. The robot doesn’t use complicated locks or motors to
connect modules—instead, it changes the angle between parts
by servo. I propose a mechanism based on angle-distance
magnetic control, as shown in Fig. 5:

o Decreasing the joint angle between two modules short-
ens the physical distance between embedded magnets,
increasing magnetic force and triggering attachment.

o Increasing the angle causes the magnets to separate,
weakening the force and allowing detachment.
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Fig. 5: Angle-Distance magnetic control between connection
and disconnection.

And I come up with 2 versions of module to demonstrate.

-

Fig. 6: Symmetric 4-Magnet module.
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B. Version 1: Symmetric 4-Magnet Module

The first version consists of modules with two magnets per
piece, arranged symmetrically around a central hinge. Each
completed module contains four magnets and one hinge, as
shown in Fig. 6, allowing it to bend and attach on both parts.
We explored multiple configurations by stacking and pivoting
these modules, illustrated in Fig. 7:

Fig. 7: Modules assemble into various configurations.

o When all hinges are placed on one side, the assembled
structure behaves similarly to a continuum soft robot in
Fig. 8, capable of smooth, nearly 360° bending.

Fig. 8: Flexible bending enabled by simple stacking.

e These modules can form a wide range of geome-
tries—Ilinear chains, branching trees, and looped clus-
ters—demonstrating strong topological scalability and
spatial flexibility in Fig. 7.
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Fig. 9: Overall view of the Self-Reproduction process.



Fig. 9 is the self-reproduction process. The left figure shows
an intermediate state: the original robot enlarges itself by
absorbing environmental modules while constructing a new
robot; and the right figure shows the final state: the original
robot has successfully generated a mirrored new individual
through self-reproduction. With each robot consists of 10
modules.

C. Version 2: Symmetric 6-Magnet Module

To address the directional limitations observed in Version
1—where the placement of magnets restricted connectivity to
certain orientations, I developed an enhanced module design
that incorporates one hinge and six spherical magnets per
unit. This configuration enables omnidirectional connection,
allowing modules to attach along any axis without geometric
conflict.

Each color-coded set consists of three modules, oriented in
red, green, and blue directions respectively. These orientations
are defined by the placement of a single hinge in each module,
and due to the inherent symmetry of the triangular geometry,
the direction angles between modules are separated by 120
degrees. This arrangement in Fig. 10 distributes the connection
axes evenly in 3D space and ensures spatial uniformity during
stacking or motion.

Rotation about red

Rotation about green

Fig. 10: Rotation about different directions.

When simply stacked into a vertical structure composed
of 15 such modules, the system achieves six degrees of
freedom (6-DOF) in motion in Fig. 11, offering volumetric
reconfigurability and highly flexible motion planning across
3D space.
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Fig. 11: Achieves 6 degrees of freedom (6 DOF) in motion.

This design significantly increases reproduction flexibility,
as modules can now align, connect, and form nested structures
in 3D space without external assistance.

D. Emergent Helical Geometry and Bio-Inspired Possibilities

During the expansion process, we observed an intriguing
phenomenon in Fig. 12: the modules, when stacked in certain
orientations, tend to form a helical structure that visually
resembles the double helix of DNA. While this geometric
emergence was not explicitly designed, it raises interesting
questions:

e Could this structure offer mechanical benefits such as
compliance, self-locking, or stability?

o Might the distributed twist and interleaved configuration
contribute to robustness in uncertain environments?

Fig. 12: DNA-like structure.

These possibilities are currently under preliminary obser-
vation, and we are actively exploring whether such naturally
emerging forms might be harnessed as functional, bio-inspired
design principles for future structural adaptation.

E. Real-World Implementation Pathway

The current prototype roadmap involves constructing each
module with:

o A servo motor for hinge actuation.

o Neodymium magnets for attachment.

¢ An onboard battery and IMU (Inertial Measurement Unit)
for control and sensing.

o A microcontroller to execute reproduction logic.

Fig. 13 illustrates the transformation of the system from a
single modular unit to increasingly complex self-assembled
structures, showcasing its inherent modularity and capacity
for structural scaling. This progression reflects not only the
ability of individual robots to grow by incorporating additional
modules, but also the underlying design principles that support
recursive assembly.



This growth process is inspired by biological evolution,
where complexity arises from simple units through gradual
adaptation. By applying this idea to hardware, the system
suggests potential for adaptive structures that could evolve
over generations. While current replication is deterministic,
the framework hints at future integration of variation and
feedback, enabling evolution-like behavior in physical robots.

Fig. 13: Evolution of modular structures from a single unit to
complex self-assembled forms, demonstrating scalability and
bio-inspired growth potential.

III. FUTURE WORK

My future work will focus on bridging the current con-
ceptual design with real-world implementation and general-
izing the system’s self-reproduction capability. The first step
involves constructing physical prototypes to experimentally
validate the self-reproduction mechanism under real-world
conditions. In parallel, we plan to build a simulation en-
vironment in MuJoCo, using learning algorithms to train
autonomous self-reproduction behaviors.

The planned research pipeline is summarized in Fig. 14,
outlining the key stages from concept validation to full system
deployment.

Another important direction is the exploration of struc-
tural complexity, investigating how variations in modular
configurations impact the system’s robustness, adaptability,
and efficiency. Insights from these simulations will support
the development of sim-to-real transfer techniques, enabling
policies trained in virtual environments to be deployed reliably
on physical hardware.

Conceptual Design |
Physical Phototyping |
Simulation & Learning (MuJoCo) |

Structural Complexity Exploration |

Sim-to-Real |

System Establishment & Validation |

Fig. 14: Work Pipeline

IV. CONCLUSION

This work presents a biologically inspired framework for
modular self-reproducing robots, demonstrating scalable as-
sembly and transformation in concept construction. Future
research will aim to realize real-world prototype development
and explore adaptive structural evolution.
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