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A Model-based Reinforcement Learning Algorithm For Biped Walking
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We propose a model-based reinforcement learning algorithm for biped walking in which the robot
learns to appropriately place the swing leg. This decision is based on a learned model of the Poincare
map of the periodic walking pattern. The model maps from a state at the middle of a step and foot
placement to a state at next middle of a step. We also modify the desired walking cycle frequency
and desired phase difference based on online measurements. We present simulation results, and are
currently implementing this approach on an actual biped robot.

Key Words : Biped Walking, Reinforcement Learning, Walking period adaptation, Phase difference

adaptation, Phase resetting
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Fig. 1 Biped robot model
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Opp1 = W + Ky (W — @), (2)
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Kz = F(xg,ugiw™), (4)
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Fig. 2 Biped walking trajectory using four via-points: we
update parameters and select actions at Poincare sections on

phase ¢ = 5 and ¢ = 37” L:left leg, R:right leg
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Fig. 3 (Left) Input state, (Right) Output of the controller
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;= k(0%(¢) — 0;) — b, (5)
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Table 1 Target postures at each phase ¢ : 0qct is provided
by the output of current policy. The unit for numbers in this
table is degrees
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VA(x(t)) = E[r(t+1)+yr(t+2) ++2r(t+3)+...], (6)
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V(x(tr);w") — V(x(tr);w") + 86(tr),  (9)
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u(tr) = Ax(tr); w®) + on, (11)
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n = k(asing—6;) — b, (13)
7. = k(—asing—6,)—bb,, (14)
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Fig. 4 Biped walking pattern without timing adaptation:
(Top) 1.0° downward slope, (Bottom) 4.0° downward slope

Fig. 5
(Top) 1.0° downward slope, (Bottom) 4.0° downward slope

Biped walking pattern with timing adaptation:
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Fig. 6 (Top)Walking frequency of the target trajectories.
(Bottom)Desired phase difference ¢.
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Fig. 7 Acquired biped walking pattern: (Top)Before learn-
ing, (Middle)After 30 trials, (Bottom)After learning

Accumulated reward

d position [m]

Fig. 8 (Left)Accumulated reward at each trial: Results of
five experiments. (Right)Shape of acquired value function

00000000 Ke=030000O
oooogoloecoooooOoboDOooOoooboOoDo
oogoooooboooboobooboboooooooon
goobooooobOoooobooboooooosnn
gooboooooobooooooboooooooon
oopoooooboooboooooo

Fig. 9 Biped walking pattern with timing adaptation on
downward slope: (Top)Without timing adaptation, (Bot-
tom)With timing adaptation
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Eigenvalue

Trials

Fig. 10 Averaged eigenvalue of Jacobian matrix at each
trial
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