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ABSTRACT
This work presents a modular robotic system that aims to create an alternative solution to planetary exploration of new environments, as well as, to
target muscle atrophy in astronauts during long-terms space missions. The capability of a system to be used simultaneously in different applications
and tasks such as exploration of unknown environments and also as a muscular training system brings clear advantages in terms of payload criteria
and versatility. The term modularity refers to a system that can be decomposed into a number of components or modules, which can be combined
and assembled in a variety of configurations. These modules are able to connect, interact, and exchange resources among them (e.g., forces,
electrical power, communication signals, sensor data, etc.), by using a standardized interface.

Figure 1. The target demonstration application relates the use of a set of modules to create different modular robot configurations that can be used for planetary exploration and to exercise
astronauts’ muscles and joints, while the system is inside the spaceship or at the International Space Station (ISS). The capability of a system to be used simultaneously in different applications
brings clear advantages in terms of payload criteria and versatility.

PROBLEM
Modern space missions have an integrated mix of humans working with robots and autonomous systems on board spacecraft and in mission control.
Nevertheless, in order to continue with exploration missions, it is necessary to keep developing and improving our space technologies. The benefits
of new technologies will include extending exploration reach beyond human spaceflight limitations, reduced risks and cost in human spaceflight,
enabling science, exploration and operation mission performance and increasing capabilities for robotic missions. For future long duration
exploration missions, it would be required to maximize the use of a system within a limited space room.

Planetary Exploration

Muscle Atrophy Countermeasure Device

A Modular Robotic System requires autonomy, flexibility,
coordination among modules, and self-healing capability

to sustain in a planetary environment

Figure 2. The objective of the ModRED project is to
improve existing techniques for automated exploring
of initially unknown or partially-known environments
such as extra-terrestrial surfaces on the Moon or
Mars or terrestrial regions with limited accessibility
such as in urban search and rescue scenarios.

Figure 3. An homogenous Modular Robotic
System, ModRED (Modular Robot for
Exploration and Discovery).
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Figure 4. We propose to use a modular robotic system to build
configurations that can be worn by the astronaut to exercise diverse
group of muscles and joints. The objective of creating new
configurations is to create a system capable of stimulating the
muscles by the effect of pushing or pulling against resistance and
maximizing its use.

