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Abstract: This paper presents the design specification and the initial proof-of-concept implemen-
tation of an active self-leveling chassis intended for a mobile rover operating on uneven planetary
terrain. The project is motivated by the stringent requirements of in-situ operations, specifically
subsurface sample collection using a drilling mechanism. Standard mobility systems often result
in a tilted chassis when traversing slopes, which poses significant risks to drilling tools, including
shear stress, borehole misalignment, and potential fracture. To validate the feasibility of mitigating
these risks, a simplified experimental testbed was constructed. The prototype utilizes four indepen-
dently controlled linear DC actuators to actively adjust the suspension geometry, ensuring the main
platform remains horizontal relative to the gravity vector. The paper details the mechanical con-
cept, the electronic control architecture based on high-current motor drivers, and the preliminary
testing of the fundamental leveling logic required for safe drilling operations.
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1. INTRODUCTION

The exploration of extraterrestrial bodies, such as Mars or the Moon, has evolved from simple
imaging missions to complex scientific operations requiring physical interaction with the environ-
ment. Modern mission profiles often require rovers not only to traverse rugged terrain but also to
perform delicate tasks such as robotic manipulation and deep-soil drilling [1].

A significant engineering challenge arises when these operations must be conducted on inclined
surfaces. Planetary terrain is rarely flat; craters, dunes, and rocky outcrops present constant navi-
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gational challenges, often limiting the efficacy of traditional passive suspension systems [4, 2]. For
a drilling mechanism rigidly mounted to a rover’s chassis, the angle of the rover directly dictates
the angle of penetration. Drilling into the regolith at an oblique angle introduces detrimental lateral
forces. These forces can lead to drill bit jamming, increased power consumption, excessive heat
generation due to friction against the borehole wall, or catastrophic tool failure. Consequently,
the ability to decouple the chassis orientation from the terrain gradient is a critical operational
requirement, a challenge shared by planetary landers which require similar stabilization for safe
touchdown and operation [7].

This paper describes the development of the MPER (Multi-Purpose Exploration Rover) chassis
concept (Fig. 1). The study focuses on the validation of an active suspension system designed to
stabilize the rover’s payload. A functional prototype (proof-of-concept) has been built to test the
electromechanical integration and the fundamental control strategies required to achieve a stable,
level platform using accessible, off-the-shelf components [10, 11].

Figure 1: Conceptual design of the MPER system. The active chassis is designed to stabilize the central
platform for the manipulator and drill.

2. KINEMATIC ANALYSIS AND MECHANICAL DESIGN

The mechanical architecture of the MPER chassis was driven by two conflicting requirements: suf-
ficient ground clearance for obstacle traversal and a rigid, stable base for drilling operations. The
design process was divided into the theoretical kinematic specification and the practical implemen-
tation of the testbed.
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2.1. Suspension Kinematics Concept

The target design utilizes an independent control arm configuration. In this topology, each wheel
unit is attached to a pivoted suspension arm located beneath the main chassis (Fig. 2). The linear
actuator connects the central frame to a specific hardpoint on the control arm. This active approach
contrasts with passive rocker-bogie mechanisms, which average the terrain irregularities but cannot
alter the chassis inclination [3]. While hydraulic systems offer high force capabilities for off-
road leveling [8], they are often too heavy and complex for small-scale planetary rovers, making
electromechanical actuators a more suitable choice for this application.

Mathematically, the system can be modeled as a closed kinematic chain where the actuator acts as
a variable-length link (L,.;). By extending or retracting the actuator, the system changes the angle
of the control arm ( ;.,,), Which results in a change in the vertical position (Z,ee;) of the wheel
contact point relative to the chassis frame. This arrangement allows for the independent control of
three degrees of freedom (DOF) of the chassis:

1. Heave: Uniform vertical lifting of the entire platform.
2. Pitch: Rotation around the lateral axis (nose up/down).

3. Roll: Rotation around the longitudinal axis (tilt left/right).

This design decouples the lateral structural loads—handled by the robust control arms—from the
vertical height adjustment mechanism [6].

Figure 2: Undercarriage view of the design illustrating the independent suspension arm configuration.






