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TUMBLEWEED ROVER WITH DISTRIBUTED E-SKIN AND RFID ARCHITECTURE FOR
INTELLIGENT PRESSURE AND TEMPERATURE SENSING ON MARS.

Abstract

Planetary surface exploration on Mars requires robotic systems with high mechanical adaptability,
increasing levels of autonomy, and rapid response capabilities to operate in irregular terrain and under
extreme environmental conditions. Conventional wheeled rovers incorporate standard pressure and tem-
perature sensors distributed at strategic points on the chassis. Although they are effective for localized
data acquisition, these systems present limitations in terms of spatial resolution, surface adaptability, and
structural redundancy when navigating highly heterogeneous terrain.

To address this limitation, this work proposes a conceptual rover design based on a tumbleweed
architecture featuring a flexible electronic skin (e-skin) distributed across the entire spherical surface,
along with a radio frequency identification (RFID) system. Tumbleweed-inspired rovers represent an
innovative solution for planetary surface exploration, as they harness wind energy for passive or semi-
passive locomotion, enabling them to cover hundreds of kilometers with minimal energy consumption.

The e-skin is composed of flexible piezoresistive pressure sensors and high-sensitivity thermistors in-
tegrated into a lightweight polymer matrix. Finite element simulations were conducted to evaluate the
distribution of mechanical stress during rolling and impact events, while multiphysics thermal modeling
assessed the sensor’s response to Martian diurnal temperature variations. The system enables spatially
distributed acquisition of contact pressure and temperature data, generating real-time terrain interac-
tion maps for surface roughness characterization, obstacle detection, and identification of thermophysical
anomalies potentially associated with hydrated minerals or subsurface ice deposits.

Additionally, a distributed RFID architecture is incorporated to enhance scientific traceability. The
system integrates a low-power RFID reader capable of deploying and interrogating passive UHF tags
along its trajectory. These tags function as georeferenced environmental markers, enabling deferred data
retrieval, surface map correlation, and multi-mission interoperability.

The proposed project architecture presents a scalable and lightweight alternative for long-range surface
exploration, offering a novel integration of biomimetic locomotion, flexible electronics, and intelligent
environmental mapping for future missions to Mars.



