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We investigate the state of the art deep-learning methods,

and apply them to modular robots.




STRATEGIES FOR BUILDING ROBOTS
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Two unlinked worlds

Query

Robot view Object 3rd Person view

(used for Robot Inference) (used for Visualization)

Camera viewpoint :__ =/
changes in -

different experiments . #= N

GAZEBO

FINGER PIVOTING SLIDING FINGER GAITING



Two unlinked worlds

Real Experiment Setup

Query

Robot view Object . 3rd Person view

(used for Robot Inference) (used for Visualization)
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GYM_GAZEBO: alLink between A/and Robotic Methods

environment API

Robot toolbox
and libraries

3ROS 2

RL Algorithm

O PyTorch
f gNumPy

Simulator

GYM_GAZEBO is Open Source. Try it! @ Github stats

https://qithub.com/erlerobot/gym-gazebo GAZEBO Watching Stars
42 395



https://github.com/erlerobot/gym-gazebo

GYM_GAZEBO: Community Projects
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B tutorials

B cMakeUstsox

Lets make the robot leam 10 how 10 move
around this simple loop maze

This will execute a learmng protocol, of 10
episodes. it is rewarded more for going
forwards than turnng and the episode
stops when the epsiode ume ends or the l
robot runs into a wall ( the distance from .
the nearest wall is lower than 0.2 meters )

You should see something simdar 10 thes GCym Makde done -
Monitor Wrapper started

Episode = O
DONE
EP: 1 - [alpha: 0.1 - gamma:
0.8 - epsilon: 0.9] - Rewar
\ “11: -147 Time: 0:00:02
= lEpisode = 1
DONE
EP: 2 - [alpha: 0.1 - gamma:
8.8 - epsilon: 0.9) - Rewar

374 T 1me 00:2

The

Nicola Riste : IR N
Construct ' ' Institut de Robotica i Informatica

https://youtu.be/h841kUCze44




An “end to end” solution for modular robots




Reinforcement Learning requires long training time...

...this is me waiting For results !




ROBOT_GYM: accelerating training




ROBOT GYM: workflow
Workers

Initialize global
policy (7)

Worker 1 || Worker 2 || Worker 3
generates generates generates
rollouts rollouts rollouts

Merge policy (7y)

Update policy
(79)




ROBOT GYM: workflow

Orchestrate
Workers Kubernetes Cloud Network
, replica
(79) S e

bridge server

Initialize global
policy ()

container
hub

Local
workers

Internet

Worker 1 Worker 2 || Worker 3

generates generates generates
rollouts rollouts rollouts

Merge policy (7y)




ROBOT GYM: workflow

Orchestrate
Workers

l Update policy
(779)
Initialize global

policy ()
Worker

environment API

& container

Worker 1 || Worker 2 || Worker 3 RL Algorithm Robot toolbox
generates generates generates ? O PyTorch . g'g 'ébraﬂ;‘»
rollouts rollouts rollouts gNumPy

Merge policy (7y)

Simulator /

GAZEBO




Results 3DoF:

mean reward
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Results 6DoF:
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a framework to accelerate
robot-training using
Gazebo and ROS in the cloud

robot gym

cheaper

*12 replicas in parallel evaluated 2 different modular robots

*1603 hours of cloud computing: training-time can be reduced by more than 33%

0,134 e/hour per instance, or 1,606 e/hour for all the replicas while maintaining similar levels of accuracy
running at the same time

The total costs for all evaluations was 214 Euros



Perspectives and Future Work

___ Robot trajectories under different levels of noise when reaching a target
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Published Work

-robot_gym: accelerated robot training through simulation in the cloud with ROS and Gazebo
https://arxiv.org/pdf/1808.10369.pdf

- Towards self-adaptable robots: from programming to training machines
https://arxiv.org/pdf/1802.04082.pdf

- Hierarchical Learning for Modular Robots
https://arxiv.org/pdf/1802.04132.pdf

- Evaluation of Deep Reinforcement Learning Methods for Modular Robots
https://arxiv.org/pdf/1802.02395.pdf

- gym_gazebo: a toolkit fFor reinforcement learning using ROS and Gazebo
https://arxiv.org/pdf/1608.05742.pdf
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http://acutronicrobotics.com
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