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In this paper, we propose an autonomous stair-driving system for the stable traversal of stairs by a tracked mobile robot
operating in indoor disaster environments. Before developing the system, we conduct dynamic simulations to analyze the
requirements for the robot to climb stairs. Simulations are performed under various initial conditions, and based on a
detailed analysis of the results, we derive the necessary conditions for the robot's ascent. Using these requirements, we
design the autonomous stair-driving system, which includes three main components: stair approach, stair alignment, and
stair traversal. First, during the approach stage, we present a strategy for recognizing stairs using an object detection
algorithm and generating control inputs for the stair approach motion. Next, in the alignment process, we outline an image
processing sequence that extracts the edge contour of the stairs and a method for generating control inputs from the
combined contour. Finally, in the traversal sequence, we describe the strategy for driving up the stairs. Additionally, we
introduce an integrated ROS system to ensure the sequential execution of each strategy. We also verify the effectiveness
of the individual strategies and demonstrate the capability of the proposed system through experiments using mock-up
stairs and tracked robots.
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Fig. 2 Stair dimension for dynamic simulation
Table 1 Specification of tracked mobile robot
Design parameters unit Value
Wheel-base length mm 630.00
Driving sprocket diameter mm 202.00
Track front slope angle ° 35
Total weights kg 21.584
Table 2 Dimension of stair
Design parameters unit Value
Height of step (/) mm 185
Width of step (w) mm 285
Inclination angle of stair (&) ° 32.989
Number of steps each 20
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(b} Pitch angle of robot main body
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Fig. 3 Variation of 3-axes angles of the robot main body during stair
climbing simulations
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Fig. 5 Yaw angle of the robot body during actual stair traversal
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Fig. 6 Proposed autonomous stair driving system scheme
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Fig. 7 Stair detection results using trained model (Left: Real world,
Right: Simulation world)
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Table 3 Gain design parameters

Design parameter Description
a Sets the maximum range of control gain
@ Sets the convergence value of control gain
as Sets the change magnitude of control gain
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Fig. 11 Stair edge contour extraction results
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