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Cooperative action generation by sharing world models between humans and robots
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(a) Multitask heading

(b) Throw in
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(c) Hitting ball
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Algorithm 1 Generation Phase
1: Input: ¢y 0y, %,
2 $1ay « P2
32 D0
4: for each epoch do
5:  sample domain and encoded parameter:
z ~ q(z]e;m), e ~ p(e)
6. for collect state-action steps do
7 a¢ ~ w(als, z;9)
8 Se41 ~ P(Ses1]8e, ae, €)

w o

D+Du {(‘ghah T{Sg,ﬂg,C),Sg.;_],C)}
10:  end for
11:  for each gradient step do
12: update policy

13 update encoder 7
14: update Q-function ¢ 2

15: update temperature

16: update target Q-function ¢}*;%*
17:  end for

18: end for

19: Output ¢y 23,9, 7
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Algorithm 2 Selection Phase
1: Reset candidate policies IT = ¢

2: Setup randomized domain with nun. contexts ¢
3: for iteration k=1,..., K do

4 Train m; with contexts {¢} » Generation Phase
5:  Rollout 7, and collect R(c) := ¥, 7*(r, — alogm)
6 lL=—l-3_ 310g91£%fc}1 — R(¢)| in Eq. (10)
72 I+ Iu{m,l}

8: end for

9: Select w, based on sorted II by {l;.}

10: Deploy 7, to domain with new context ¢/
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Algorithm 3 Adaptation Phase
I: ™ + trained policy in Policy Search phase

2De0

3 z*=0

4: TPE model initialization

5: for iteration k=1,..., |~

6: 23 + TPE suggesis

7: J(zx) + Rollout policy m(a|s,2) in Eq. (14)
8 Store (zx,J(2x)) in D

9:  TPE updates model p(z|.J)

10: end for

11: Select z;. based on the sorted T by indices Jj.
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Dimensionality  Type

Center of mass 2 float
Head position 2 float
Foot position 2 float
Joint angle 5 float
Joint angular velocity 5 float
Ball position 2 float
Ball velocity 2 float
One-step before action 5 float
Total dimensionality 25
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Type Settings
Coefficient of restitution float  {small, large}
Horizontal goal position float {near, far}
Vertical goal position float {low, high}
Horizontal throw-in position float {near, far}
Vertical throw-in position vertical-axis foat {low, hight}
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(a) Before adaptation
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(b) After adaptation
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Explicit Implicit
encoding adaptation
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