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Decentralized Locomotion Mode Switching in a Snake-like Robot

Based on Local Friction Estimation
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This study investigates the impact of varying friction environments on the locomotion performance

of snake-like robots and proposes an adaptive control method to dynamically select the optimal locomo-

tion mode. We constructed a mathematical model incorporating friction anisotropy inspired by snake

scales. Through simulation, we compared bending-based snake-like motion and expansion/contraction-

based earthworm-like motion. Results showed that snake-like motion is fast in low-friction environments

but struggles as friction increases, whereas earthworm-like motion maintains stability under high friction.

Based on these findings, we developed a decentralized control strategy where each segment estimates

local friction and independently switches its behavior. Experimental results in heterogeneous friction

fields demonstrated that this adaptive method allows the robot to smoothly traverse sudden environ-

mental changes without getting stuck, achieving robust and highly efficient locomotion.
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Fig.1: Mathematical model of the snake-like robot
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Fig.2: Scale structure and friction anisotropy in the phys-

ical robot: black / dark blue: high friction (rubber);

white: low friction.
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Table 1: Results of parameter exploration

K

7 8 9 10 11

35 -64 -1.7 16.9 16.7 12.9

4.0 -78 -94 -3.7  -244  18.7

45 -68 -6.7 -145 -7.2 -2.4

Cc 50 -58 -50 -5.8  -22.1 -1.4
55 -5.0 -4.3 -4.7 -5.6 -22.9

6.0 -5.0 -3.1 -4.4 -4.6 -4.6

6.5 -5.0 -3.0 -4.4 -4.7 -3.8
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Fig.3: Comparison of average speeds of snake-like and

earthworm-like locomotion modes against maximum fric-

tion p
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Fig.4: Comparison of average speeds between pure snake-
like locomotion and adaptive locomotion along the posi-

tion
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