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https:/ /www.ncbi.nlm.nih.gov/pmc/articles/ PMC3591461/
https:/ /www.youtube.com / watch?v=Wz3beWec7D4
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https://www.youtube.com/watch?v=Wz3beWec7D4
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Simulation Gymnastic Flip
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[Liu et al. 2015]
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No Mocap




|Tan et al. 2011] |Tan et al. 2014]
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Simulation

|[Heess et al. 2017] [Peng et al. 2018]

8 /45



Deep Reinforcement
Learning

9 /45



Deep Reinforcement
Learning

9 /45



Deep Reinforcement
Learning

Energy Minimization

9 /45

Gait Symmetry




Deep Reinforcement
Learning

v

?

10/45



State:
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State: S — [x7 y, 9
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State: S — [Cl'), Y, 9) d1, 42, Q3]
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State: S [’7;7 Y, Qa 41,42, 43
7j77 yv 97 q‘la q.27 q3]
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State: S = [.’L’, Y, Qv d1,42, 43
33.77 ?)7 97 q’lv q.27 Q3]

Action: a — [al, a9, a3]
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State: S = [.’L', Y, Qv 41,42, 43
9'/1.77 g)a 97 q.lv q.27 Q3]

Action: aA = [al, a9, ag]
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State: S [$7 Y, Qv 41,42, 43
7j39 ya 97 q.lv q.27 Q3]

Action: a — [al, a9, a3]

.o t+1 t
Transition: st = T(S ,a)
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State:

Action:

Transition:

Reward:
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S :[x7y7ea d1, 42, 43
7j379797 q.la q.27 q3]

a :[ala a2, a’3]

st™1 = T(s*, a)

3

T=R(s,a):x—2\ai\

=1



Markov Decision Process:

Control Policy:

Rollout:

Reinforcement Learning:

DeepReinforcement Learning:

'S a T R

a; ~ m(alsy)

[S()?a()?Sl?al? R 7ST]

maximize Lgr, ()
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Policy Gradient
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s = |q,q, v, contact
a= |ap—14)

I'() = ‘rl DAR
Dynamic Animation and Robotics Toolkit

R(s,a) = —||lv — v|| KW,
— aHl *Wq <—
—LaternalDeviation *wry,
—TorsoRotation X W
+AliveBonus
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all possible gaits

what we want

Keep Balance

Go Forward Energy Efficient
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typical RL result

Go Forwar«

all possible gaits

what we want

Somewhat Energy Efficient
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search space
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what we want

Keep Balance

Go Forward Energy Efficient
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Keep Balance

Go Forwara Energy Efficient

https:/ /www.youtube.com / watch?v=5BiesFPqYWE

https:/ / www.youtube.com /watch?v=5a21xnaqCzk
23 / 45 https:/ /www.youtube.com / watch?v=LjnZHbFpDxc



https://www.youtube.com/watch?v=5BiesFPqYWE
https://www.youtube.com/watch?v=5a21xnaqCzk
https://www.youtube.com/watch?v=LjnZHbFpDxc
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With Assistance
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Gait Symmetry
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Flip
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left hand height

right hand height

Flip
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Asymmetry = ( AWAWAN J \/ \/ )
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Reward -= ( /\ /‘ /\J\ /\./ )



Reward -= ( A"' \‘. / \
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state

action

Mirror
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(state)

( act10Nmirror )



minimize: Lre
TT

subject to: action = Mirror( actionmirror )

*weights omitted for clarity
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minimize: [re + || action - Mirror( actionmirror )
7l 2

*weights omitted for clarity
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Running Stylized
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Walking back

Running

Walking
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Trotting Galloping
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Ball Walking




What's Next?

- Biomechanics-based models
- Extend to more agile motions such as gymnastics

- Running on real-hardware




Thank you!

paper link: https:/ /arxiv.org/abs/1801.08093

code link: https:/ /github.com / VincentYu68 / SymmetryCurriculuml.ocomotion
my website: wenhaoyu.weebly.com

email: wenhaoyu@gatech.edu
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https://arxiv.org/abs/1801.08093
https://github.com/VincentYu68/SymmetryCurriculumLocomotion
http://wenhaoyu.weebly.com

