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Hybrid wheeled-legged robots offer superior mobility in unstructured terrain by combining the locomotion efficiency
of wheels with the adaptability of legs. However, efficiently traversing complex obstacles necessitates intelligent
reconfiguration policies that coordinate leg movements, wheel velocities, and body posture. This paper presents an
integrated learning framework to derive optimal policies for a six-wheeled-legged robot traversing an asymmetric step
obstacle. Initially, the kinematic relationships governing wheel-leg interaction with the ground and slip-free wheel
velocity coordination are formulated. As the key innovation, the obstacle traversal problem is mapped into a low-
dimensional and continuous parametric optimization space, upon which a Genetic Algorithm-based learning framework
is developed. Without imposing restrictive assumptions, this framework significantly reduces the complexity of the
search space. In addition, fuzzy logic is employed to integrate human expertise into the cost function and adapt its
weighting coefficients. This facilitates the automatic discovery of practical policies without relying on pre-defined
motion sequences. Simulation results are validated through experiments on the ViraHex robot, demonstrating close
agreement in leg motion sequences, support polygon transitions, and the mitigation of undesired body deviations.
Opverall, this framework offers an effective and scalable solution for optimizing obstacle traversal in hybrid robots,
highlighting the potential of learning-based strategies in complex environments.
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Table 1 Physical and inertial parameters of the robot [7]

Symbol Value Symbol Value
Mpoay 1002 kg Lyoay 2m
myeg 31.7 kg Whoay 0.8 m

m, 51.3 kg Hpoay 0.55m
Lxpoay 460 kgm? Lieg 0.42 m
I”body 900 kgm? Iy 0.84 m
Lz body 1200 kgm? L 0m
Liieq 0.02 kgm? [N 0.84m
1 ieg 0.42 kgm? Ly 0.84 m
Lzpeq 0.4 kgm? R, 0.32m

w, 1.355 m W, 0.205 m
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Fig. 1 a) Full-scale six-wheel-leg robot with actively actuated shoulder joints b) ViraHex, the one-fifth—scale experimental prototype
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Fig. 2 Schematic illustrating the height components of the shoulder joint

and velocity vectors of different segments of a leg-wheel assembly for
determining the joint velocity p;
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Fig. 3 Robot and velocity diagram for determining constraints necessary
for stable configurations based on desired body velocities
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Table 4 Weight vector of the cost function across simulation cycles until
convergence
Simulati
1.m \iation Calculated weight vector
interval
0 §=1[37,1.5,0,0,15,0,0,0,0]
1 $=[18.57,2.14,0.79,0.86,15,0.4,2.80,12,18]
2 s =[63.14,7.86,0.043,0.43,15,0. 06, 0.46, 0. 86, 0. 86]
3 s =[18.57,2.14,1.11,0.8600,15,0.69,4.8,15,15,]
4 §=[18.57,2.14,1.39,1.2,15,0.49,3.4,15,15]
5 $=1[18.57,2.14,1.39,1.8,15,0.74,5.2,15,15]
6 § =[18.57,2.14,1.34,1.84,15,0.77,5.4,15,15]
Simulation and training terminated
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Fig. 9 Normalized performance metrics of the best solution in each interval
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Fig. 10 Robot traversing an asymmetric step obstacle of 50 and 30 cm
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Fig. 11 Annotated view of the ViraHex robot showing the ultrasonic sensor, wiring routes, vision marker triangles, camera mount, and the experimental
obstacle. (b) Camera view illustrating the robot’s pose and orientation during the experiment
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Fig. 12 ViraHex prototype traversing an asymmetric step obstacle of 10
and 6 cm heights (equivalent to 50 cm and 30 cm in the full-scale robot)
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