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“Amigoni et al. [8] showed that not a
single paper among the top cited ones in
SLAM and navigation met all the basic
criteria listed in the GEM guidelines. We
may have clearly improved since then, but
probably not enough.”
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Open source, interactive data science and scientific computing
across over 40 programming languages.
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Interactive Scientific Computing," in Computing in
Science & Engineering , vol.9, no.3, pp.21-29, May-
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Ragan-Kelley, M., et al. "The Jupyter/ IPython
architecture: a unified view of computational
research, from interactive exploration to
communication and publication." AGU Vol. 1. 2014.

C. Boettiger, “An introduction to docker for
reproducible research,” ACM SIGOPS Oper. Syst.
Rev., vol. 49, no. 1, pp. 71-79, Jan. 2015.

Chamberlain, Ryan, and Jennifer Schommer. Using
Docker to support reproducible research. Technical
report, Invenshure, LLC. figshare. 1101910, 2014.
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F. Bonsignorio and A. P. del Pobil, “Toward
Replicable and Measurable Robotics Research”
IEEE R&A Magazine, no. 3, pp. 32-35, Sep

E. Guglielmelli, “Research Reproducibility and
Performance Evaluation For Dependable Robots”
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http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=4160244
http://jupyter.org/
http://jupyter.org/
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=100
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=100
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Container —

VM

Host OS

Containers are isolated, but share an OS,
and where appropriate, bin/libraries
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... resulting in portable RR&D software


https://www.opencontainers.org/
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ROS Tools: Hardware Drivers

cameras
depth cameras
laser scanners
robots

audio

inertial units
GPS

joysticks

etc...
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ROS Ecosystem: Variety

Big
Small

Industrial

Vehicles

Air/Water
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Static website

Matrix from Hell

Web frontend

Background workers

User DB

Analytics DB

Development QA Server

VM

|’

Contributor’'s  Customer

Single Prod Onsite Public Cloud
Servers

Server Cluster laptop

€r is too hard.


https://www.youtube.com/watch?v=Q5POuMHxW-0
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ROS + Docker... Why?

How

Robotics  oo.

Repeatability & Reproducibility
for robotic research and industry “is hard...

It should not be hard...”

Make robotic research

within and between labs simpler and more collaborative

Make robotic industrial

deployments maintainable with Continuous Integration

T heard you need to create d
robot dataset. Here, I've
got a ROS package that
does that already.
WHY DOES
THE ROBOT!|
KEEP
DYING?

Oh, you need to
download these 42
packages first.

I already
did, and it

still doesn't
k. work!

Well, it built fine
when I published
it 3 weeks ago.

Grr.
Package
updates...

X n
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adapted from xked

Rﬂche-Inventing
~ the Mheel

publlshDMEone

-.-.a paper with
a proof-of-
concept robot-

This prompts
another lab to
try to build on
this result...

-and they write
cude that barely
works but lets

them publish.

4 ---but they can't

But inevitably- get any details

time runs out... on the softuare

used to make it
Work. .-

--and all the

code used by

previous lab
members is a mess-

- J orge Cham

++eand countless
sleepless nights
are spent
writing code
from scratch.

So. a grandiose
plan is formed
to write a new
software API.


http://www.willowgarage.com/blog/2010/04/27/reinventing-wheel
http://jorgecham.com/
http://jorgecham.com/
https://xkcd.com/234/
https://xkcd.com/234/

ROS + Docker... Why?

Let's Simplify

cross compilation complexity

managing custom dependencies

L O . Pushing new
A ,é\r i A EFI 73 Services and Containers gy
ST T O Deployed

7 g | A | > ] Field Robots
Researchers '
and Developers
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Education

ROS Launch Demo

-------

From stock linux install to course development
environment, provide students a working setup.

Share and submit running ROS apps with instructors
and teammates using Dockerfiles and images.

Share and submit broken ROS apps for collaborative
debugging sessions, even keep errors reproducible.

Providing fail-fast learn-fast disposable workspaces,
students should experiment without hesitation.

Uses Docker Compose to keep something, that may
have many moving parts, simple others to launch

libnetwork + ros docker demos

(, Open Source Robotics Foundation



https://github.com/docker/libnetwork
https://github.com/ruffsl/ros_docker_demos
https://github.com/docker/libnetwork
http://www.youtube.com/watch?v=9xqekKwzmV8

Research

Sharing Demos Demo

Two ROS nodes, e.g. mage publisher and a
subscriber using Caffe Deep Learning

Nodes run in isolated linux containers on host, yet
share exposed cam and GPU hardware.

Repeatable, Reproducible publications, share not
only source, but secret sauce to build, run, and ship!

From reading papers to tweaking complex demos
locally in the time it takes to download the image.

Use free registries like Docker Hub to share images
to inspect and contribute back to build recipes.

ros caffe/docker
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https://github.com/ruffsl/ros_caffe/tree/master/docker
https://github.com/ruffsl/ros_caffe/tree/master/docker
http://www.youtube.com/watch?v=T8ZnnTpriC0

Industry

Cloud Swarm Demo

______

Deploy multiple nodes from different cloud computing
cluster and different networks

Take advantage of the Docker ecosystem to build,
ship and orchestrate swarm of nodes.

Run ROS nodes on AWS, Azure, or Google to finally
bring about that singularity of cloud robotics we were
promised all those years ago!

Run heavy Gazebo simulations for continuous
integration faster and cheaper on clusters.

Orchestrate deployed swarms or field robots and how
they network we eachother.

gazebo docker demos
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https://github.com/ruffsl/gazebo_docker_demos
https://github.com/ruffsl/gazebo_docker_demos
http://www.youtube.com/watch?v=P__phnA57LM

ROS + Docker... But How?

Currently

leveraging Docker for Cl and ROS build farms
as well as sharable development environments

i386 amd64 armhf amd64

Future LR D
ROS runtime integration with Docker engine AP User Console

Launching and managing swarms of nodes

. . ‘ name
Large scale virtual networking between nodes Jhaciiisg

Blending of cloud and robotic software tools
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Official Repos for ROS & Gazebo

R OFFICIAL REPO Updated 2 weeks, 2 days ago R OFFICIAL REPO Updated 2 days, 5 hours ago
] ] ros Pl ihis repository  docker pull o5 gazebo Pul this repository  docker pull gazebo
l I l a I l l a I I l e ‘The Robot Operating System (ROS) is an open source project for building robot applications. Gazebo is an open source project for simuiating robots, offering robust physics and rendering.
5 O1 (>8gs 101 17
.
ba S e I l I l a g eS fo r yo u r Information Tags Properties Information Tags Properties

©2015-06-02 20:02:09 ©2015-07-28 11:16:43

ro b0t| C d oC ke r p rOJ eCtS Supported tags and respective ......... links sl Supported tags and respective ......... links e

. o aservers (gazebo/gazeboSi/gzserver5/Dockerfie)
'I bI D k H b . , indigo, latest (ros/indigo/indigo-ros-base/Dockerfile) . bo (gazebo/gazebob/libgazebos/Dockerfile)
Available now on Docker Hu . (rosindigolindigo robotiDockerie + cusemess (guasbogazebosigzsenert Dockerlo
. on (ros/indigo/indigo-perception/Dockerfie) . -st. (gazebo/gazeboblibgazebod/Dockerfie)
. - (ros/jade/jade-ros-core/Dockerf
(s/jadadade e-comyDociertle) For more information about this image and its history, please see the relevant manifest file
ase , jade ( Library/gazebo ) in the | docker-1ibrary/offici = GitHub repo.
. ros jade/jade-robot/Dockeriie)
. s (ros/jadejade-perception/Dockertie)
i ?
For more information about this image and its history, please see the relevant manifest file ( 1: What is Gazebo?
the docker-library/official-images GitHub repo.
Robot simulation is an essentia tool in every robotici
to rapidly test algorithms, design robots, and performr
. offers the ability to accurately and efficiently simulate
What is ROS? environments. At your fingertips is a robust physics e
programmatic interfaces. Best of all, Gazebois free
The Robot Operating System (ROS) is a set of softwe N—— . "
pedia.org X
applications. From drivers to state-of-the-art algorithr wikipedia.org/wiki/Gazebo_simulator . ‘ A

you need for your next roboltics project. Andit's all opc

wikipedia. ‘wiki/Robot_Operating_Sy
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https://hub.docker.com/_/ros/
https://hub.docker.com/_/ros/
https://hub.docker.com/_/ros/
https://hub.docker.com/_/ros/
https://hub.docker.com/_/ros/

A tip of the hat to OSRF & IRIM

(’ Open Source Robotics Foundation Georgia | Institute for Robotics

Tech| \/and Intelligent Machines

Cognitive Robotics

“...to support the development, distribution,
and adoption of open source software for
use in robotics research, education, and
product development.”

DﬁRPA i Sandia “...to create new collaborative opportunities for
@ lNaal}:)(:g?tlirieS faculty, strengthen partnerships with industry

vun Frosor @) BOSCH  repk® 4805, and government, and maximize the societal

UALOMWW (o SICK impact of the transformative robotics research
Q C” SaforFmgeion conducted at Georgia Tech..”
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http://cogrob.org/
http://robotics.gatech.edu/
http://osrfoundation.org

\ j—i \
Robot Resources! v

More on ROS + Docker:
wiki.ros.org/docker

Official Docker Library for ROS:
hub.docker.com/_/ros

ROS Answers Tags:
Docker | Container

Slack channel:
rosorg/messages/docker

Josh EIIinoson

(’ Open Source Robotics Foundation  About Me: about.me/ruffin



http://wiki.ros.org/docker
https://registry.hub.docker.com/_/ros/
http://answers.ros.org/questions/scope:all/sort:activity-desc/tags:Docker/page:1/
http://answers.ros.org/questions/scope:all/sort:activity-desc/tags:Container/page:1/
https://rosorg.slack.com/messages/docker/
https://about.me/ruffin
https://www.flickr.com/photos/willowgarage/4787692961/in/album-72157624356302313/
https://www.flickr.com/photos/willowgarage/4787692961/in/album-72157624356302313/
http://www.youtube.com/watch?v=VRaWujhDQiw

