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Agenda

Week 03, Friday, Mar 8

* ROS Simulation

Robot/Scene Description: URDF
ROS simulation: Gazebo

ROS Control

Motion Planning: Movelt

« Home work: Franka
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URDF

Unified Robot Description Format

 URDF Defines an XML format for representing a robot
model
 Kinematic and dynamic description
* Visual representation
« Collision model

Mesh for visuals Primitives for collision

 Define working scene of the robot
« URDF generation can be scripted with XACRO

More info SUSTech
AncoraSIR.com http://wiki.ros.org/urdf, http://wiki.ros.org/xacro oy
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http://wiki.ros.org/xacro

URDF

Link

* Link description contains
* Name
* visual: size, color, shape, geometry primitives, meshes, material
* inertial matrix, collision properties.

* Every link is a coordinate/frame

<link name="link_name">

/ <visual>
robot.urdf <geometry>
<mesh filename="mesh.dae"/>
<robot name="robot"> </geometry>
<link> ... </link> </visual>
~ «link> ... </link> <collision>
<link> ... </link> <geometry> )
<cylinder length="0.6" radius="0.2"/>
. . . </geometry>
<joint> .... </joint> <fcoﬁlisionz
N <joint> .... </joint> ¢<inertials
<j0in‘t> 5000 </j0in‘t> <mass value="10"/>
</robot> <inertia ixx="0.4" ixy="0.0" ../>
</inertial>
</1link>
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URDF

Joint

« Joint describe the relationship between two links,
properties including

* Name, type, parent, child, origin (transform from the parent link
to the child link), axis

 Limit: lower and upper rotation/translation limits, max velocity,
max effort

 Kinematics: one joint follows another joint
« Dynamics: friction, damping

<joint name="joint_name" type="revolute">
<axis xyz="0 0 1"/>
<limit effort="1000.0" upper="0.548" .. />
<origin rpy="0 0 0" xyz="0.2 0.01 0"/>
<parent link="parent Link_name"/>
<child link="child_Link_name"/>

</joint>

Southern University
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URDF

Joint

Joint Description
Types

continuous A continuous hinge joint that rotates around
the axis and has no upper and lower limits.

revolute A hinge joint that rotates along the axis and
has a limited range specified by the upper
and lower limits.

prismatic ~ Asliding joint that slides along the axis, and
has a limited range specified by the upper
and lower limits.

planar This joint allows motion in a plane
perpendicular to the axis.

floating This joint allows motion for all 6 degrees of
freedom.

fixed This is not really a joint because it cannot

SUSTech
move. All degrees of freedom are locked. e
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URDF

Joint

« Transmission describe the relationship between an
actuator and a joint. This allows one to model concepts
such as gear ratios and parallel linkages.

 Used together with ros_control.

<transmission name="simple_trans">
<type>transmission_interface/SimpleTransmission</type>
<joint name="foo_joint">
<hardwarelnterface>EffortJointInterface</hardwarelnterface>
</joint>
<actuator name="foo_motor">
<mechanicalReduction>50</mechanicalReduction>
<hardwarelnterface>EffortJointInterface</hardwarelnterface>
</actuator>
</transmission>

SUSTech
AncoraSIR.com More info: http://wiki.ros.org/urdf/XML/Transmission R e
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URDF

Building Franka Model

A list of robots described by URDF files can be found here: http://wiki.ros.org/urdf/Examples
SUSTech
AncoraSIR.com
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http://wiki.ros.org/urdf/Examples

panda_arm.xacro — ~/catkin_ws/src/BionicDL-CobotLearning-Project1/franka_description/robots — Atom
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URDF

Building Franka Model

panda.rviz* - RViz

M Interact | 56* Move Camera FocusCamera == Measure # 2DPoseEstimate . 2DNavGoal @ PublishPoint =y
I Displays x
v/ Fixed Frame OK -
> ® Grid [~}
» ¥ MotionPlanning
» $9 MarkerArray
v > TF &
» v/ Status: Ok
Show Names
Show Axes
Show Arrows ]
Marker Scale 1
Update Interval 0
Frame Timeout 15
v Frames
All Enabled 0
» panda_hand &=
» panda_leftfinger
» panda_linko &
» panda_link1 &
» panda_link2 &
» panda_link3
» panda_link4
» panda_links
» panda_linké &
» panda_link7
» panda_links )
» panda_link9 ®
> panda_rightfinger &
» world
v Tree
v world
v panda_linko
v panda_link1
v panda_link2
v panda_link3
v panda_link4
v panda_links
v panda_linké
v panda_link7
panda_links
v panda_hand
panda_leftfinger
panda_link9
panda_rightfinger
Add Duplicate Remove Rename
(@ Time x
ROS Time: |1508.42 ROS Elapsed: |279.98 Wall Time: | 1548041089.65 Wall Elapsed: |280.35 ["] Experimental SUSTeCh
‘Southemn University
Ancoras I R . Com Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options. 6 fps R
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ROS simulation

Gazebho

 (Gazebo Is a robust physics engine, high-quality graphics,
and convenient programmatic and graphical interfaces.
* Useful if you don’t have a real robot or camera.
« Automatically installed with ROS desktop-full.

« What do you need for gazebo simulation?

» World Files: contains all the elements in a simulation, including
robots, lights, sensors, and static objects.

« Model Files: models of the objects.

« Environment Variables: set environment variables to locate files,
and set up communications between the server and clients.

SUSTech
AncoraSIR.com oy
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ROS simulation

World Files

« Simulation Description Format (SDF) defines an XML
format to describe
« Environments (lighting, gravity etc.)
 Objects (static and dynamic)
* Sensors
 Robots

» SDF Is the standard format for Gazebo
 Gazebo converts a URDF to SDF automatically

¥
SUSTech
AncoraSIR.com oy
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ROS simulation: Gazebo

Property
name

Is_static
self_collide
P pose
P link

1, Real Time Factor: Real Time:

Southern University
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ROS Control

« ROS_control is a set of packages that connects application softwares to robotic
hardware.

* Include controller interfaces, controller managers, transmissions and
hardware_interfaces.

« Lower entry barrier, reuse of control code, Real-time ready implementation

3rd party ros_control & friends
.......................... '
]
navigation ______:. base_controller RobotHW :
|
]
f ]
diler_app .- Movelt! | :_ arm_controller :

foo_controller

. drivers

hardware interfaces

@—@ <locity control
&—A position control

effort control
i SUSTech

AncoraSIR.com
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ROS Control

Controllers: base _controller RobotHW

joint_state controller

joint_effort_controller

Positionjointinterface

* joint_position_controller—.— arm_controller @ o
. -Oint VeIOCit ContrOI |e|’-—- P05|t|on ointInterface —‘ N
J — y_ @ ST Joirt @ arm_2_joint
. &
arm_2_joint

controller interfaces

ros_control interfaces g J

AncoraSIR.com
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ROS Control

:::ROS control Controller

e.g. joint_position_controller
Dynamically alloc ated from loaded controller plugin.

eg.PID
Controller

Data flow of controllers

__ st conolers_o | Controller Manager

rolle Hardware Resource | face Layer
M_m—" LDE(E' me m Cﬂh ‘\\‘\\\\\\\\\\\\\\\\“ \\\\\\\\\\\\\\\\\‘-\\\\\\\\\\\\\\'\ ‘\}
unioad_controllers | updates to controllers % Joint Command Interfaces NN Joint State Interface. N
switch_controlier eg. \\ eg. "‘*%\
2 \\\\\\\\\\\\\w\\\\\\\\\\\\\\\\\\k DA «\\\\\\\\\\\\\\\%

Robot States
joint states - radians

Controller 1 / Robot Commands
€. joint efforts - N.m

Controller 2

Controller 3

L1

Actuator Efforts Communicaiion Bus Mechanism States
. . . . encoder fick
1. Controller Manager: provides the infrastructure to load, £ e "g;.g"f',;% £ EneedE e
unload, start, and stop controllers Real Rob
2. Controller: request hardware resources, provide PID eal Robot y
control, give joint command E'e'g”, Hﬁg"‘,;,:k:‘
3. Hardware Resource Interface: provide hardware sources oot STE'W'“
4. RobotHW: Robot hardwar_e abstractlon(act_ua_\tors, joints, F— F—
sensors), talk to HW, provide resources (r. joint state, r.w. Servos, et Sensors on he real
position/velocity/effort joint), handles resource conflict obat
SUSTech

5. Real Robot: oty
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ROS Control

& cAZEBO + ::ROS + ros_control

Simulation Hardware :
Gazebo Reality
Simulator inpurOutput
Encoders Actuators
URDF Sensors on the real rabot Servos, €c
<ransmission> readSim() writeSim()
elements ‘
Emb;gdod Controllers
Gazebo Plug Joint Stateg eg. loop to follow effort
m?:n_m': (encoder ticky) setpoint
Loads RobotHW 2
intertaces via pluginkb writeHW() Joint Effonts
(Nm)
Forward State Joint Limits
Account for special S sy
mechanisms
Effort Transmissions
Account for specia
mechanisms

Hardware Resource Interface Layer

Joint States Joint Efforts
(radians) (Nm)
Controller Mahager
list_controllers Loads, unloads alls updates to contr

load_controller e A1
Controller: I

>
L
unload controller’ Jjoint_state_publisher
switch_controller > Publishes /joint_states topic
/ for robot_publisher Controller:
e.g. joint_trajectory controlier

Send a trajectory from Moveit! etc

ANco




ROS Control

gazebo-ros-control

* Simulate a moveable robot arm Iin Gazebo
* needs addition configuration for each joint

arm_controller: gripper_controller:

type: "position_controllers/JointTrajectoryController” . .
vP P - / J Y type: "effort_controllers/JointTrajectoryController"

joints: o
- panda_jointl joints:
- panda_joint2 - panda_finger_jointl
- panda_joint3 - panda_finger_joint2
- panda_joint4 gains:

- panda_joint5 . .. . .
_ panda_joints panda_finger_jointl: {p: 1ee, i: 1, d: 1@, i_clamp: 1.0}

- panda_joint? panda_finger_joint2: {p: 1ee, i: 1, d: 1@, i_clamp: 1.8}
gains: constraints:

panda_jointl: {p: 1ee, i: e.e1, d: 1} goal time: 4.6

panda_joint2: {p: 1@@, i: @.e1, d: 1} . ..

. . panda_finger_jointl:

panda_joint3: {p: 1ee, i: e.e1, d: 1}

panda_joint4: {p: 1@e, i: @.e1, d: 1} goal: ©.03

panda_joints: {p: 1ee, i: @.e1, d: 1} panda_finger_joint2:

panda_jointe: {p: 1@e, i: @.e1, d: 1} goal: @.03

panda_joint7: {p: 1ee, i: @.e1, d: 1}
constraints:

goal_time: 18.0 SUSTech

Southern University
of Science and Technology

stop_trajectory_duration: ©.e

state_publish_rate: 58
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ROS Control

gazebo-ros-control

« Add gazebo-ros-control package in the URDF file.
« Add transmission in the URDF file

<gazebo>
<plugin name="gazebo ros_control” filename="libgazebo ros control.so">»
<robotSimType>gazebo_ros_control/DefaultRobotHWSim< /robotSimTypes>
</plugin>

</gazebo>

<transmission name="${prefix}_jointl_trans”>
<type>transmission_interface/SimpleTransmission</type>
<joint name="${prefix}_jointl">
<hardwarelnterface>hardware_interface/PositionlointlInterface</hardwarelnterface>
</joint>
<actuator name="%{prefix}_jointl_motor":»

<mechanicalReduction»l</mechanicalReduction>»

< factuator:s

o SUSTech
Anc( </transmission> Sty
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Motion Planning

Movelt

* Movelt! Is a set of packages and tools for doing mobile
manipulation in ROS.

« Movelt! contains state of the art software for motion
planning, manipulation, 3D perception, kinematics,
collision checking, control, and navigation.

* Installation: ssudo apt-get install ros-kinetic-moveit

Ref: Mastering ROS for Robotics Programming. Chapter 4. SUSTech
AncoraSIR.com http://moveit.ros.org/documentation/concepts/ e
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Motion Planning

Movelt Architecture

[ ROS Param Server ]

a

=4

S
User Interface
= 5 T a
i Enove _group_interface] > MoveGroupAction " o O
{ :.'|| - . . o —
; (C+t) e PickAction > JointTrajectoryAction | -2 g
: P PlaceAction - b " 2 5
= E O
i [ moveit_commander ;_G?Smanﬁnhéi%, o —
; (Python) > Get IK Service | = )
i E ! Get FK Service ! O 6
: ' e , !-_ Point Cloud Topic | 9 £
: _ [ B o4
: » Plan Path Service - Dﬂ I
| GUI (Rviz Plugin) a - 1T o a
: : Execute Path Service | S . )
' . Get Planning Scene Service
i :1\ L o T,

' 4
: oo e v 4 . N E . R 8
i i Other Interfaces : : AttachedObject " - Joint States Topic c.}:E
T B CD”l.SIOI'IOblECIf > TE Robot E’ SUSTech
Ancora i E PlanningSceneDiff > State ‘E‘ soertry

! Publisher —

................................



Motion Planning

Planning Scene

* Represent the world around the robot and also store the state of the
robot itself using Octomap

 Read the joint_states topic from the robot, and the sensor
Information and world geometry from the world geometry monitor

moveit.rviz* - RViz
v Interact | % Move Camera

I pisplays x
» & Global Options
» v Global Status: Ok
» @ Grid &
v ¥ MotionPlanning &
» v Status: Ok
Move Group Namespace
Robot Description robot_description
Planning Scene Topic /move_group/monitor...
> Scene Geometry
» Scene Robot
+ Planning Request
» Planning Metrics
» Planned Path

[select =

Add Dup

Motion Planning

Context | Planning = Manipulation = Scene Objects Stored Scenes = Stored States = Status.

Commands

Query Options
Plan Select Start State: Planning Time (s): | 5,00 :
Execute Select Goal State: Planning Attempts: | 10,00
Plan and Execute S B Velocity Scaling: | 1,00
s Update Acceleration Scaling: | 1,00
[] Allow Replanning
(] Allow Sensor Positioning
[ Allow External Comm.
Workspace

Path Constraints:

Center (XYZ): | 0,00 .| 0,00 . 0,00 . None o
AncoraSIR.com

size (XYz): | 2,00 2,00 Goal Tolerance: | 0,00 ’

SUSTech

Southern University
of Science and Technology
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Motion Planning

Motion Planners

« Movelt! works with motion planners through a plugin
Interface. This allows Movelt! to communicate with and
use different motion planners from multiple libraries.

» Default library is OMPL(Open Motion Planning Library)

)

\
3
est adapters

MotionPlanResponse

C++)

—— )
planning request adapters
L g fix start time )

\__ g time parameterization )
PN

motion_planner

Yy~ .
planning requ

[

AncoraSIR.com
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Motion Planning
Others

 Kinamatics:

* The default inverse kinematics plugin for Movelt! is configured
using the KDL numerical jacobian-based solver

e Others: TRAC-IK, IKFast

* Collision Checking:

« Collision checking in Movelt! is mainly carried out using the
FCL package

SUSTech
AncoraSIR.com oy
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Motion Planning

Movelt! Setup Assistant

* The Movelt! Setup Assistant Is a graphical user interface

for configuring any robot for use with Movelt!.

(http://docs.ros.org/kinetic/api/moveit_tutorials/ntml/doc/setup_assistant/setup_ass
istant_tutorial.html)

_ Movelt! Setup Assistant

Welcome to the Movelt! Setup Assistant! These taols will assist you in creating a Movelt! 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 invalves creating launch files for move groups, OMPL planner, planning contexts and the planning warehouse.

Choose mode:

All settings For Movelt! are stored in a Moveit configuration package. Here you have the option to create a new configuration package, or load an }MOth!
existing one. Note: any changes to @ Movelt! configuration package outside this setup assistant will likely be overwritten by this tool.

Create New Movelt

Edit Existing Movelt
| Configuration Package

Configuration Package

Load a URDF or COLLADA Robot Model

Specify the location of an existing Universal Robot Description Format or COLLADA file for your robot. The robet medel will be loaded to the parameter
server for you.

00 i soup
® ® @ assistant

Browse
Xacro arguments

—inorder

SUSTech
AncoraSIR.com
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http://docs.ros.org/kinetic/api/moveit_tutorials/html/doc/setup_assistant/setup_assistant_tutorial.html

Homework

* Modeling the Robot&Hand URDF: fill corresponding
codes in BionicDL-CobotlL earning-
Projectl/franka_description/robots/panda_arm_hand_simu
lation.urdf.xacro

* Create a Movelt configuration package using Movelt!
Setup Assistant for franka named panda_moveit_config

* Prepare for the Projectl.:
* Projectl: Simulate A Picking Robot in Gazebo
 Codes and instructions can be found at
* https://github.com/ancorasir/BionicDL -CobotL earning-Projectt=
* Brief instruction will be given at next lab

AncoraSIR.com
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https://github.com/ancorasir/BionicDL-CobotLearning-Project1/blob/master/franka_description/robots/panda_arm_hand_simulation.urdf.xacro
https://github.com/ancorasir/BionicDL-CobotLearning-Project1

Thank you!

Prof. Song Chaoyang
* Dr. Wan Fang (sophie.fwan@hotmail.com)

SUSTech
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