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Inverse Dynamic Modeling of a Stair-Climbing Robotic Platform with
Flip Locomotion
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Abstract: Stairs are the most popular obstacles in buildings and factories. To enlarge the application areas of a field robotic platform,
stair-climbing is very important mission. One important reason why a stair-climbing is difficult is that stairs are various in sizes. To
achieve autonomous climbing of various-sized stairs, dynamic modeling is essential. In this research, an inverse dynamic modeling is
performed to enable an autonomous stair climbing. Stair-climbing robotic platform with flip locomotion, named FilpBot, is analyzed.
The FlipBot platform has advantages of robust stair-climbing of various sizes with constant speed, but the autonomous operation is
not yet capable. Based on external constraints and the postures of the robot, inverse dynamic models are derived. The models are
switched by the constraints and postures to analyze the continuous motion during stair-climbing. The constraints are changed
according to the stair size, therefore the analysis results are different each other. The results of the inverse dynamic modeling are
going to be used in motor design and autonomous control of the robotic platform.
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Table 1. Comparison of speed with other robots.

Robots Speed of Climbing(second/step)
Raibert biped [10] 0.6
MSRox [11] 0.75
PackBot [3] <1
) 1.01 (Stair 1)
FlipBot 1.05 (Stair 2)
Honda P3 [12] 1.5
Rhex [13] 1.0-1.55
WL-12RIII [14] 2.6
Wheel-leg Biped [15] 3
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Fig. 1. Robot configuration of FlipBot.

219 2. Filp locomotion®] 2.
Fig. 2. Principle of flip locomotion.
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a9 3. AN AU L.
Fig. 3. Scenario of stair-climbing.
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Fig. 4. Configuration of robot for kinematic analysis.
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Fig. 6. COM trajectory for stair-climbing.
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Table 2. User condition of stairs.

Values
Parameters -
Stair 1 Stair 2
Width (mm) 300 310
Height (mm) 100 160
Slope (degree) 18.4 27.3
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Table 3. Parameters for kinematics and dynamics of FlipBot.

Parameters Values Parameters Values

I; (m) 0.355 g (kg/s?) 9.8

I, (m) 0.35 u 0.5

H (m) 0.16 I, (kg/m?) 0.034
my (kg) 6 t(s) 2
my (kg) 2 Fq (N) 20

==
F 9k,

Torque (Nm)

Torque (Nm)

a9 9. Al SRk AlEEe]d Ak (@) Al 1(b) Al 2.
Fig. 9. Simulation results of stair-climbing, (a) Stair 1 (b) Stair 2.
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Fig. 10. Conduct an experiment of stair-climbing.
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