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Abstract

To address the problems of narrow aisles, limited headland space, and easy slip on low-adhesion
ground in elevated strawberry greenhouses, a four-wheel independent drive and four-wheel independent
steering mobile robot platform was designed and implemented in this study. The platform adopts a
unilateral independent vertical suspension structure and integrates three motion modes, namely lateral
translation, in-place steering, and double-Ackermann steering, so as to meet the requirements of
maneuverability, stability, and environmental adaptability for greenhouse operations in confined spaces.
The main contents and conclusions of this study are as follows:

(1)An analysis of the operational environment and application requirements of elevated strawberry
greenhouses was conducted. Agronomic investigations were carried out for typical elevated strawberry
cultivation scenarios, and the functional requirements of the mobile platform were clarified in terms of
modularity, miniaturization, multiple motion modes, stable docking, speed limiting with emergency stop,
and ease of maintenance. On this basis, the overall design and electromechanical integration of a mobile
platform with four-wheel independent drive, four-wheel independent steering, and single-side independent
vertical shock absorption were completed. An electromechanical architecture consisting of upper-level
control, distributed actuation, multi-sensor assistance, and power management was established, providing a
foundation for the stable operation and flexible maneuvering of the platform in narrow spaces and on
low-adhesion ground surfaces.

(2)Kinematic modeling, structural simulation, and ROS-based control system development were
completed. Kinematic models of the platform under lateral translation, in-place rotation, and
double-Ackermann steering modes were established, and a ROS-based motion control system was
developed. Structural simulation results showed that, under a single-wheel static load of 5000 N, the
maximum equivalent stress of the frame was 1.199x10"2 MPa, the maximum displacement was 0.05 mm,
and the safety factor was approximately 2.2, indicating that the strength and stiffness requirements were
satisfied. The first six natural frequencies of the vehicle ranged from 13.776 to 150.13 Hz, suggesting a low
risk of low-frequency resonance. After optimization, the deformation of the key rotating base was reduced
from 0.1 mm to 0.005 mm. Double-Ackermann turning simulations demonstrated that the platform could
achieve stable turning at steering angles of 15°, 20°, and 25°, while the steady-state velocity decreased

from approximately 1.05 m/s to 0.90 m/s and 0.75-0.80 m/s as the steering angle increased.



(3)A slip risk identification method based on a no-slip reference model for double-Ackermann steering
was proposed. A slip risk indicator, 1, was constructed for risk assessment. The results showed that, among
the three influencing factors considered, the wet plastic-film-covered road condition had the greatest effect
on slip, followed by the speed level, while the steering angle intensity had a relatively weaker influence.
Under the combined condition of wet plastic film, a speed of 0.6 m/s, and a steering angle of 25°, the
mobile platform entered a high slip-risk region, whereas under dry cement road conditions, most operating
conditions remained within the low-risk region. This method enables online calculation and provides a
basis for safe operation assessment of the platform under low-adhesion greenhouse ground conditions.

(4)Prototype fabrication and experimental validation were carried out. Functional tests of the
prototype showed that the platform could stably achieve typical motion modes, including straight-line
travel, lateral movement, and in-place rotation. The communication link remained stable, the switching of
steering modes was accurate, wheel steering coordination was satisfactory, and no obvious structural
interference or instability was observed. Under double-Ackermann conditions, the measured wheel speeds
and IMU parameters were generally consistent with the theoretical analysis. These results indicate that the
designed platform has good maneuverability, motion coordination, and environmental adaptability, and is
capable of meeting the application requirements of mobile chassis systems in the complex operating

scenarios of elevated strawberry greenhouses.

Key words: Elevated strawberry greenhouse; Four-wheel independent drive and four-wheel independent

steering; Unilateral independent vertical suspension; ROS control; Slip risk assessment
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