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Abstract

This study proposes a multi-robot space exploration system. A market
mechanism is introduced to control the path planning and collaboration
of multiple robots, and robots will exchange unexplored areas through
bidding, thereby exploring a given space in an efficient manner. This
study utilizes implicit neural representation to record the spatial
environment around the robot, essentially training a function to
represent the spatial and geometric features around the robot when
depth information is available. Since it is a multi-robot system,
distributed optimization is used to fit this function. This multi-robot
system can complete space exploration more efficiently than a single-
robot system, The bidding mechanism allows the system to flexibly
introduce new robots, and the damage of a single robot will not affect the
operation of the entire system, Implicit neural representations can
record the explored environment as a continuous function with very
little memory.

In recent years, due to the development of self-driving cars and
metaverse industry, the demand for 3D environment reconstruction is
increasing, Implicit Neural Representation is a function that can record
3D space with very low-cost memory. Since it is a neural network in
nature, it makes me think that if we train Implicit Neural Representation
with distributed optimization, we no longer need to centralize data on
the same machine before we can start training. This property is very
suitable to be applied in a multi-robot system. Therefore, This study
investigates whether an implicit neural representation can be combined
with an auction mechanism so that it can travel through a given space in
the most efficient way.
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Purpose

This study investigates whether an implicit neural representation can be
combined with an auction mechanism so that it can travel through a
given space in the most efficient way. Previous multi-robot exploration
systems based on auction mechanisms have used other methods to
record its environment, and the recording method affects the robot's
decision making when planning future paths.

Methodology
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Conclusions

In the simplified two-dimensional scenario, this study has demonstrated
the use of implicit neural representation as a recording module for a
multi-robot system, using seven robots to train a forward propagating
neural network together with the data collected by the simulated radar
to represent a planar map in the CubiCasaSK dataset. The investigation
of using bidding mechanism to control a multi-robot system is still under
research. It is expected to combine the exploration module and record
module in the future.

Future Development

In addition to the experiments in the simulated
environment, this study is also conducted in real life.
this study tries to use a self-assembled mobile robot to
prove the system could work in real-life scenarios.
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