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Robots In Industry

Need safety cages Hard to program

Robots in automation are currently inflexible - hard to
setup and hard to program.




Expensive

® Typical cost of deploying/programming a robot is
70-80% of the cost of a robotics application




Motivation

® Build state of the art software platform for robotics
applications and research

® “Simple things should be easy”
Provide out-of-the-box experience

® easy to setup with new robots - Setup Assistant

BEasy to use APIs - C++ and Python

® “Allow users to dive deeper to address harder
problems”

Flexible platform - easy to add new components

® Performance

design for high performance
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Movelt!

® A user-friendly platform for building FLEXIBLE
industrial, research and commercial applications

BEasy Configuration, Easy Programming, Quick switch-over
High Performance

Cross Platform




Evolution - Arm Navigation

http://youtu.be/tzUrdvhWgx8

Arm Nayvigation - Chitta, Jones, Ciocarlie, Hsiao, Sucan, 2011
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Initial Industrial Application

http://youtu.be/ WG-45¢Z5UQ

Willow Garage, SwRI, Yaskawa Motoman 8




Movelt!

® Thread-based architecture
= Parallelize motion planners and collision checking

® GPU acceleration for 3D perception

® Script based user interface
- designing complex programs/tasks

® GUI based interface
- make things easier for users

® Setup Tools
= easy to import new robots
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Movelt! - Initial Robots

Willow Garage 10
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ROS-Industrial

Fraunhofer, Willow Garage 11
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What does Movelt! offer?

® Technical Capabilities
+ Collision Checking: fast and flexible
+« Integrated Kinematics
Motion Planning

® fast, good quality paths

® kinematic constraints
+ Integrated Perception for Environment Representation
« Standardized Interfaces to Controllers
+ HKExecution and Monitoring

+« Kinematic Analysis
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System Architecture
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System Architecture

( ROS Param Server]

Robot Interface

User Interface
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ROS Control

:::ROS control Controller

e.g. joint_position controller
Dynamically allocated from loaded controller plugin.

eg.PID
Controller

Data flow of controllers

. S
list_controllers
load controller’ f:ontrokl)ler Magiger Hardware Resource Interface Layer
unlo ad con "o”er" OadS. un ads andc \\\\\\\\\\\\\\\\\\“ = SNSRI %\\\\\\\\\\\\\\\-\\\\\\\\\\\\\\\\\\Q
— O s L JoimCommmd |memees Joint State Interface N
switch_controllerg,) \ e g. Effortlointinterface \ eg. JointStatelnterface §
N \\\\\\\\\\\\\\Y\\\\\\\\\\\\\\\\\\\ A
Controller 1 - Robot Commands Robot States
L eg.joint efforts - N.m eg]joint states - radians
hardware |interface::RobotHW
Controller 2
JointLimits |  : (Forward)State
Enforce limits (opfional) Transmissions
Controller 3 \ ' : Real mechanical state
Effort Transmissions ‘
Convert from joint
‘ . torques to motor torques
update
= writ() read)
Actuator Efforts Communication Bus ‘ Mechanig Stai:s
eq. current eq. Ethercat, e.g. encoder ficks
Serial, USB
Real Robot ¢
Embedded Controllers
eg. PID loop to follow
effort setpoint
i Optional Hardware / 7
i,.Components ;| Embedded Actuators Encoders
Servos, etc Sensors on the real
Dave Coeman rObm
:;d;:;:l _".1"1\24 213

ROS-Control is bassed on the set of controllers originally developed for the PR& robot
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ROS Control
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The Redwood Arm
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Movelt!

® Movelt! works online

+ directly deals with perception data

« directly talks to controllers

® Movelt! also works offline

L)

» import CAD model data

« oOffline programming and planning of complex multi-step paths

® Movelt! enables full applications

19
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Collision Checking

® FCL - Flexible Collision Library*

« parallelizable collision checking

« Maximum about 2-3,000 full body collision checks for the
PRZ per second ..

v With realtime sensor data

S
e N
X

« + high fidelity mesh model

® Proximity Collision Detection Xt

<« Uses 3D distance transform to determine distance to
nearest obstacle and gradient

« +very fast - 40 to 80,000 collision checks per second for
the full body of the PR2

% -not as accurate

*Jia Pan, Ioan Sucan, Sachin Chitta, Dinesh Manocha, 20
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Motion Planning

® Plugin interface for planners

® Integration with robots through Movelt!

® Automatically confisured using the Movelt!
Setup Assistant

+ Sampling based planners (OMPL) *

+ Search Based Planning Library (SBPL)"

* Lydia Kavraki, Ioan Sucan, Mark Moll, Ryan Luna, "Maxim Likhachev, Mike Phillips, Ben

Sachin Chitta Cohen, Andrew Dornbush, Sachin Chitta <1



Easy Setup and Configuration

Moveit Setup Assistant

Movelt Setup Assistant

welcome to the Movelt Setup Assistant! These tools will assist you in creating a Movelt
Self-Collisions configuration package that is required to run Movelt. This includes generating a Semantic
Robot Description Format (SRDF) file, kinematics configuration file and OMPL planning
configuration file. It also involves creating launch files for move groups, OMPL planner,
planning contexts and the planning warehouse.

Virtual Joints

Planning Groups Choose mode

Robot Poses

End Effectors

Passive Joints eate New Movelt
Configuration Files

Load a URDF or COLLADA Robot Model

tior ve ot

Success! Use the left navigation pane to continue.
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bots Using Movelt!
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New Generation of Robots
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Humanoid
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Kinematic Workspace Analysis

Reachable in collision-free way (% of total)

1 M PR2
B Kuka LWR

75 B URS
50
25
0

Countertop Floor and Fridge Pantry Shelf with Mean
wall shelves bins, roomy
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Movelt! in Industry

Unstructured Pick and Place
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Movelt! in Industry

Workcell Programming

Q9
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A Montage of Applications

$Movdlt!

MONTAGE 2013
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More Info ...

® http://moveit.ros.ors
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