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The Sim-to-Real Problem

Real world training is

e EXpensive
e Time Consuming
e Potentially unsafe

Siddharth Desai, Haresh Karnan, Ishan Durugkar — Virtual Humanoid RoboCup Open Workshops — 2020



Our approach learns policies that are more robust to = 'cchaciic environments



https://docs.google.com/file/d/1_vHpg46J2hGNzKmjqTW1e5UweNXPvJY2/preview

Hanna, Josiah P. and Peter Stone. “Grounded Action Transformation for Robot Learning in Simulation.” AAAI (2017).


http://www.youtube.com/watch?v=88tRwlJwNCw
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Sim-to-Real Paradigms

Learn a robust policy by
training in multiple
simulators

-Deploy directly in real
world

-Tradeoff between
generalization and
performance

. J

Robustness Approach

/
Train partially in

simulation
-Finish training in real
world

-Still prone to overfitting in
simulator

.

v

Bootstrapping Approach

Siddharth Desai, Haresh Karnan, Ishan Durugkar — Virtual Humanoid RoboCup Open Workshops — 2020

Use a little real world
data to ground
simulator

-lteratively improve
simulator until desired
performance is reached

o

/

Grounding Approach
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Grounded Simulation rain i
Learning (GSL) Simulation

Ground Collect Real
How? Simulator World Data
Can we modify the
simulator?
A. Farchy, S. Barrett, P MacAlpine, and P. Stone, “Humanoid robots learning to walk faster: From the real world to simulation and back," in Proc. of 12th Int. 7

Conf. on Autonomous Agents and Multiagent Systems (AAMAS), May 2013.
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Reinforcement Learning

at
Agent

Simulated
Environment

st+1 ! rt+1| I

J. Hanna and P. Stone, “Grounded action transformation for robot learning in simulation,” in Proceedings of the 31st AAAI Conference on Artificial 9
Intelligence (AAAI), February 2017.
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J. Hanna and P. Stone, “Grounded action transformation for robot learning in simulation,” in Proceedings of the 31st AAAI Conference on Artificial 10

Intelligence (AAAI), February 2017.
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GAT Example

ai ai
(D) o
8 on
(- OF

(a) Simulator (b) Real World

Siddharth Desai, Haresh Karnan, Ishan Durugkar — Virtual Humanoid RoboCup Open Workshops — 2020 1
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GAT Example

L@a A @
e, Cg.

(a) Simulator (b) Real World
N
' 1 S1 }
< o 7/
@ Forward Model
7 o N\
| e

(c) GAT Grounded Simulator

Siddharth Desai, Haresh Karnan, Ishan Durugkar — Virtual Humanoid RoboCup Open Workshops — 2020 12
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GAT Example

L@a A @
e, Cg.

(a) Simulator (b) Real World
S s e e e e A
a1 A aj
| 1 Sq )_+.
7/
@ : . Inverse Model
S ag
i ' 8y —>e
| \ /

(c) GAT Grounded Simulator

Siddharth Desai, Haresh Karnan, Ishan Durugkar — Virtual Humanoid RoboCup Open Workshops — 2020 13
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GAT Example

a1 ai
O Or
@ a2 2
@ O
(a) Simulator (b) Real World
:(11 e a1
| 1§71 —>e >@ +1
7/
~ - |
| 1 So @ >@ -1
| AR :

(c) GAT Grounded Simulator

Siddharth Desai, Haresh Karnan, Ishan Durugkar — Virtual Humanoid RoboCup Open Workshops — 2020 14
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https://docs.google.com/file/d/14KDyXgFMV7iFatw4yp_H4Ss_5njyZpaY/preview
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Reinforced Grounded Action Transformation (RGAT)

-
’ N
’ A
' \
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t | :
| 1

Agent J | freal(st' at)

t+1 :

st+1' rt+1 . i ( i
Simulated : . Inverse Dynamics

R
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-1
Environment L Fim " (S Sua) Model

Action Transformer

Siddharth Desai, Haresh Karnan, Ishan Durugkar — Virtual Humanoid RoboCup Open Workshops — 2020 17
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Reinforced Grounded Action Transformation (RGAT)

| -

Agent J *

Action
Transformer

Simulated I
Environment

R

st+1 ' rt+1| [

Q)

Siddharth Desai, Haresh Karnan, Ishan Durugkar — Virtual Humanoid RoboCup Open Workshops — 2020

Learning the action
transformation function
end-to-end makes it
easier to learn small
changes

18
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Reinforced Grounded Action Transformation (RGAT)

Agent W X
J * Agent

Environment

Action
Transformer
Sta1r T : I
Simulated
Environment ~

Q)

Siddharth Desai, Haresh Karnan, Ishan Durugkar — Virtual Humanoid RoboCup Open Workshops — 2020 19
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Reinforced Grounded Action Transformation (RGAT)
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Siddharth Desai, Haresh Karnan, Ishan Durugkar — Virtual Humanoid RoboCup Open Workshops — 2020

Treating the grounding
step as a reinforcement
learning problem
matches the whole
trajectory instead of
individual transitions

20
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Reinforced Grounded Action Transformation (RGAT)

I ~
w | (st’ at) Ste1
Agent J I * f .(S,a)

|

| Action

| Transformer
st+1 I

Simulated I I Use forward model to
Environment | 3 generate reward signal
|
|

Environment | Agent

Siddharth Desai, Haresh Karnan, Ishan Durugkar — Virtual Humanoid RoboCup Open Workshops — 2020 21



' Policies Deployed on the “Real"” World

Grounding Step 1

Our method learns a good policy within = o0

Siddharth Desai, Haresh Karnan, Ishan Durugkar — Virtual Humanoid RoboCup Open Workshops — 2020

22


http://www.youtube.com/watch?v=Hfu_d44IGAw&t=28
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GAT ‘ RGAT
< 2
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S >
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Input Action Input Action
23

Siddharth Desai, Haresh Karnan, Ishan Durugkar — Virtual Humanoid RoboCup Open Workshops — 2020


http://www.youtube.com/watch?v=9guw8zV1Sus
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Transformed actions when the “real” pendulum is...

Heavier Lighter

Transformed Action
UOT)DY PaULIOJSURI],

-3 -2 1 o 1 2 3

Input Action

Input Action

Siddharth Desai, Haresh Karnan, Ishan Durugkar — Virtual Humanoid RoboCup Open Workshops — 2020 24
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https://docs.google.com/file/d/1fGCsQVKHBNahBxRefsL1QVDno3SrTd9T/preview
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Stochastic Grounded Action Transformation (SGAT)

a ai
On -
a2 a2 80%
G GO

a3 as
10
@“O 20%@’)+

(a) Simulator (b) Real World

Siddharth Desai, Haresh Karnan, Ishan Durugkar — Virtual Humanoid RoboCup Open Workshops — 2020 27
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Stochastic Grounded Action Transformation (SGAT)

a ai
@n O
a2 a2 80%
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(b) Real World
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(¢) GAT Grounded Simulator

Siddharth Desai, Haresh Karnan, Ishan Durugkar — Virtual Humanoid RoboCup Open Workshops — 2020 28
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Stochastic Grounded Action Transformation (SGAT)
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Siddharth Desai, Haresh Karnan, Ishan Durugkar — Virtual Humanoid RoboCup Open Workshops — 2020 29
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Grounding Step 1

Grounding Step 2

Speed (cm/s) | Falls | Speed (cm/s) Falls
GAT 15.7 £ 2.98 6/10 18.5 = 3.63 10/10
SGAT | 16.9 £0.678 | 0/10 18.0 &=2.15 1/10

Siddharth Desai, Haresh Karnan, Ishan Durugkar — Virtual Humanoid RoboCup Open Workshops — 2020
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https://docs.google.com/file/d/1-8QHjRVBS1a2JKgSOaPZHqwBNjdbRTHR/preview

Haresh Karnan Ishan Durugkar Josiah Hanna Garrett Warnell Peter Stone

Thank You!
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