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Work in our lab

Adaptive systems for autonomous scientific data collection

Meger et al,_3D Trajectory Synthesis and Control Shkurti et al, Underwater Multi-Robot Convoying

for a Legged Swimming Robot, IROS 2014 using Visual Tracking by Detection, IROS 2017



https://docs.google.com/file/d/0B-j0Gj1S1Cb9SGtHWF9iV2F3UnM/preview
https://docs.google.com/file/d/0B-j0Gj1S1Cb9VXliUHpaY2dSOTA/preview
http://www.cim.mcgill.ca/~florian/pdfs/visual_convoying.pdf
http://www.cim.mcgill.ca/~florian/pdfs/visual_convoying.pdf
http://www.cim.mcgill.ca/~dmeger/IROS2014_3DTrajectories/
http://www.cim.mcgill.ca/~dmeger/IROS2014_3DTrajectories/

Outline of this talk

1. The Agua Robot
a. Hardware Overview
b. Software Overview

2. The aqua_description and aqua_gazebo packages
a. Hardware emulation
b. Hydrodynamics simulation

3. Architecture for motor control learning
a. Implementation of Model-Based RL algorithms (kusanagi)
b. The RL glue code (aqua_rl/kusanagi_ros)



1. The AQUA robot

Portable Underwater Autonomous Vehicle

Weight: 15
Kgs

‘ 13cm

60cm —

Based on RHex walking platform
» Developed at McGill University
- Commercialized by Independent Robotics



Who is using the AQUA robot?
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https://cim.mcgill.ca/~mrl
https://cim.mcgill.ca/~mrl
http://www.cinvestav.edu.mx/saltillo/robotica/abriltorres/VRLab_Home.html
http://www.cinvestav.edu.mx/saltillo/robotica/abriltorres/VRLab_Home.html
https://afrl.cse.sc.edu/afrl/home/
https://afrl.cse.sc.edu/afrl/home/
http://vgr.lab.yorku.ca/
http://vgr.lab.yorku.ca/
http://irvlab.cs.umn.edu
http://irvlab.cs.umn.edu
http://warp.whoi.edu/
http://warp.whoi.edu/

AQUA robot hardware

Aqua Robot

Internal sensors
(IMU/Depth/Encoders)

Motor controller
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Software Overview (Control only)

RoboDevel

Low-level Motor Ccontrol
Power Management

Internal Sensors

IMU driver

1 khz loop

-~

Vision Stack

Hardware interface (ROS)

+ aquahw
*+ aquacore

Navigation (ROS)

+ aquaautopilot
+ aqua_depth
* aqua_positioning

User interface (ROS)

* aquajoy

~

Controller Learning (ROS)

+ Task Marshalling

(aqua_marshall)

« Feedback Controllers and

Dataset generations
(kusanagi_ros)

General Purpose RL

+ kusanagi
- rllab




Hardware Interface

aquacore specifies common messages for aqua state and control

aquahw UDP interface exposing robot state and commands through ROS



Navigation

aquaautopilot implements trajectory tracking via waypoints
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Meger et al,_3D Trajectory Synthesis and Control for a Legged Swimming Robot, IROS 2014

aqua_positioning and aqua_depth transform sensor data to ROS
convention



http://www.cim.mcgill.ca/~dmeger/IROS2014_3DTrajectories/

User interface

aquajoy is the joypad interface to aquaautopilot

Sets waypoints and swimming modes

* Flat swim
* Constant depth
* 3D pose control



Meger et al, 3D Trajectory Synthesis and Control for a Legged Swimming Robot, IROS 2014


https://docs.google.com/file/d/0B-j0Gj1S1Cb9VXliUHpaY2dSOTA/preview
http://www.cim.mcgill.ca/~dmeger/IROS2014_3DTrajectories/

Shkurti et al, Underwater Multi-Robot Convoying using Visual Tracking by Detection, IROS 2017



https://docs.google.com/file/d/0B-j0Gj1S1Cb9SGtHWF9iV2F3UnM/preview
http://www.cim.mcgill.ca/~florian/pdfs/visual_convoying.pdf

7. aqua_description and aqua_gazebo
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Software Overview

Emulated interface (ROS)

+ gazebo_ros
aqua_hardware_emulator - aqua_description

Low-level Motor Control
INENEIRSEIRE

Navigation (ROS)
+ aquaautopilot
imu_sensor_plugin - aqua_depth
* aqua_positioning
hydrodynamics_plugin
User Interface (ROS)
+ aquajoy

flippers_plugin

1 khz loop

Controller Learning (ROS)
+ Task Marshalling

(aqua_marshall)
Feedback Controllers and
Dataset generations
(kusanagi_ros)

General Purpose RL

kusanagi




Emulating the AQUA hardware

aqua_hardware_emulator provides the same interface as aquahw, running as a
Gazebo plugin

imu_sensor_plugin comes from gazebo_ros_plugins
hydrodynamics_plugin simulates additional underwater forces

flippers_plugin implements a PID controller and simulates propulsive forces for
each leg



hydrodynamics_plugin

Do regular rigid body dynamics simulation on gazebo (e.g. with ODE)

Add hydrodynamic effects and hydrostatic buoyancy as applied forces
(addRelativeForce, addRelativeTorque):

p M 0 v
[l] = ((0 ]) + Kf) [m] = deg ot Fbuoyanc;v gz Fgmvity + Feoliisions

Added mass



Buoyancy

Compute volume V for each link and apply force at center of buoyancy, of each
link, opposite to gravity




Added Mass and Drag

Precompute drag tensor D and added mass tensor K¢ using a simplified mesh
geometry (see Weissman and Pinkall (2013) for details)

B u e

47k vertices 500 vertices

Pr] [l xw+psxv
Added mass modelled as external force Faagea = [, = prX @
f f


http://dl.acm.org/citation.cfm?id=2185600

flippers_plugin

Hydrodynamics alone do not model propulsion due to turbulence

We use the empirical model of Plamondon and Nahon, 2013, for each leg
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http://www.nrcresearchpress.com/doi/abs/10.1139/juvs-2013-0008



https://docs.google.com/file/d/0B-j0Gj1S1Cb9WE5DNlk5NVJ4Qms/preview

|s this simulator accurate?

Yo

(@x%)
- [t gives a reasonable how the system might behave
- We may improve it with models learned from real-world data



https://docs.google.com/file/d/0B-j0Gj1S1Cb9VDUtT05TclBFcmc/preview

3. Architecture for motor control learning

(a) Episode 1 (b) Episode 5 (c) Episode 10



Adaptive systems realized via learning

Design is never finalized and depends on interactions with the environment
(i.e. trial and error)

Experiments replace design effort



The problem with trial and error...



https://docs.google.com/file/d/0B-j0Gj1S1Cb9UnROY0VTN2FuNzA/preview

An alternative to robot experiments

Learn basics on a low
cost simulator

Adjust skills on the
target platform




ROS and robot learning

ROS provides a flexible way of developing Controller Learning (ROS)
robot software

+ Task Marshalling

(aqua_marshall)
« Feedback Controllers and

Reinforcement Learning (RL) is a powerful Dataset generations
paradigm for solving robotics tasks (kusanagi_ros)

We have generic tools for developing and testing RL General Purpose RL
algorithms, on idealized environments (e.g. OpenA| + kusanagi

Gym)

How can we glue all of this together?



kusanagi library overview

Algorithms
- PILCO

« MC-PILCO

- PDDP
+ Policy Adjustments

Controllers Regression

- Gaussian Process Regression

-+ Sparse Gaussian Process
Regression

- Bayesian Neural Networks

« Linear Controllers
- Radial Basis Functions
« Neural Networks

Coming soon at: https://github.com/juancamilog/kusanadi



https://github.com/juancamilog/kusanagi

aqua_marshall and kusanagi_ros

Pipelining of multiple learning tasks

Task A Task B Task C Task A Task B Task C Sequentia| execution Of |earned
Run #1 Run #1 Run #1 Run#2 J Run #2 Run #2 controllers on the robot

Task A Learning #1 Task A Learning #2 )
Off-site Task B Learning #1 Parallel learning of models and
controllers on off-site server

Learning
Server Task C Learning #1 )




Building learning datasets

II>

/kusanagi_ros/state > Agent

Control /kysanagi_ros/command
Output t

Inpu

State Actions

The Physical World

Aggregate data from multiple sources (ROS topics), into
robot-agnostic sensor and control streams



topics_to_rl_streams yaml configuration

« Specifying state stream (published as /kusanagi_ros/state)

experience_state topics
topic_name: /aqua/state
type package: aquacore, name: StateMsg
filter "RollAngle","PitchAngle",6 "YawAngle", "Depth"
topic_name: /aqua/imu_data
type package sensor_msgs, name: Imu
filter "angular velocity.x","angular_velocity.y","angular velocity.z"

« Specifying action stream (published as /kusanagi_ros/command)

experience_command_topics
topic_name: /aqua/periodic_leg command
type: {package: aquacore, name: PeriodiclLegCommand
filter "amplitudes[2]","amplitudes[5]","leg offsets[2]","leg offsets[5]"
default values frequencies



Motor Control Learning on AQUA

Off-site

Experience data

Learning
Server / Learned Policy l
Parameters
Current task
Task index Learning
| Marshalling interface
Policy c pncng 3 ?
parameters for ol TSEHSOF data
current task
Gait
Controller —

Controller Learning (ROS)

* Task Marshalling :
aqua_marshall

* Feedback Policies and

Dataset generation:
kusanagi_ros

General Purpose RL

* kusanagi

Meger et al, Learning Legged Swimming Gaits from Experience, ICRA 2015



http://www.cim.mcgill.ca/~dmeger/ICRA2015_GaitLearning/

Meger et al, Learning Legged Swimming Gaits from Experience, ICRA 2015



https://docs.google.com/file/d/0B-j0Gj1S1Cb9ZUh4Y29DVFdoMFU/preview
http://www.cim.mcgill.ca/~dmeger/ICRA2015_GaitLearning/

What's next?



https://docs.google.com/file/d/0B-j0Gj1S1Cb9UnROY0VTN2FuNzA/preview
https://docs.google.com/file/d/0B-j0Gj1S1Cb9WE5DNlk5NVJ4Qms/preview

IS this robotics?



https://docs.google.com/file/d/0B-j0Gj1S1Cb9RnhqMjZySklfQkk/preview

Summary

» Gave an overview of ROS packages for motor control on the AQUA robot.
- aquahw, aquaautopilot, aquajoy

- Described gazebo plugins for underwater rigid body dynamics simulation
* aqua_gazebo

* Introduced a generic model-based RL pipeline, and its application to the

AQUA robot

« aqua_marshall
 aqua_rl/kusanagi_ros
 kusanagi

https://github.com/mcgillmrl



https://github.com/mcgillmrl

Thanks!
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https://github.com/mcgillmrl

