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A URDF is a¥iVI|-formatted file containing:
I Links: coordinate frames and associated geometry
I Joints :.connections between links

A Similar to DHparameters (but way less painful)
A Can describe entire workspace, not just robots

links

also
af Aylé




T: URDF: Link L HROS
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A ALinkdescribes ahysicalor virtual object
I Physical: robot link,workpiece endeffector, ...
I Virtual: TCP, robot base frame, ...

A Each link becomes®F frame
A Can contain visual/collisioqeometry[optional]

<link name=dlink_4ni>
<visual>
<geometry>
<mesh filename=dlink_4.stl|-"
</geometry>
<origin xyz="0 0 0" rpy ="000" />
</visual>
<collision> visual
<geometry> -
<cylinder length="0.5" radius="0.1"/> frame geometry collision
</geometry> geometry
<origin xyz="00 -0.05" rpy ="000"/>
</collision>
</link>

URDF Transforms

X/IY/Z Roll/Pitch/Yaw
:. VIEES Radians
Q... 0a0 & 5




URDF: Joint 2 HROS
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A A Jointconnects twoLinks

I Defines aransform betweenparent andchild frames
A Typesfixed, free, linear, rotary

I Denotes axis of movemefior linear / rotary)
I Contains joint limits on position and velocity

<joint name=fijoint _2" type="revoluten>
<parent I|link=Alink_1"/>
<child I'ink=fAlink_2"/>
<origin xyz=Aa0.r & =00@/>0"
<axis xyz=n0O 0 1"/ >
<limit lower=" - 3.14" upper="3.14" velocity="1.0"/>
</joint>
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Robot in Zero Position
Place joints on axes

Keep all frames same
orientation

o To Ix

A X-Axis Front, ZAxis Up

A Unlike DHParameters,
URDF allows free choice
of frame orientation
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“T.. Exercise 3.0

Exercisa3.0

Create a simplardf

camera_frame

[~

table

world
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T-. URDF: XACRO +1ROS
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A XACRGs an XMio | & Sifro é & T2 NIt |
I <Include> other XACROs, with parameters
I Simple expressions: math, substitution

A Used to build complex URDFs

I multi-robot workcells
I reuse standard URDFs (e.g. robots, tooling)

<xacro:include f il enamgRebdtxacro o0/ >
<xacromyRobot prefi x=Adl eft o/ >
<xacroomyRobot prefi x=Aright o/ >

<property name=foffsetodo value=ifdl. 30/ >

<j oi nt nwontets feft " type=nfixedf>
<parent Tink=dAdworld"/>
<child Ileﬂrlbase_ﬁnk >
<origin xyz=n${off pex00DY> 0 O
</joint>
%
-




. XACRG®> URDF

A Most ROS tools expect URDFs, not XACRO

Awdzy xa#® O2YYIlI YR (02 O3
files to URDF:

rosrun xacro xacro robot.xacro > robot.urdf

A Typicallyxacroconversion is triggered by
launch files, not executed manually.

<param name='fobot description 2
command"$(find  xacro )/ xacro workcell.xacro " />
o,

A £ 4




T: XACRO: Macros 2 5ROS
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robot.xacro
<xacroomacro | Al A” 2 Olpdkdm&a2 E A 2|

Define _ETET O TAI A" 2B DEAMMET ET
XACRO
Macro

</ xacro >

workcell.xacro
<xacro:include EEI1 Al Adbdtka€ro 2 Y

Include
?:r;?l <xacrocrobot EAKk” 21 AEO Y
Macro <xacro:robot EAKk"™ 2OECEOz Y
%
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URDF Practic&ixamples
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“T: Exercise 3.1

Exercises.1

Combine simplardf with ur5xacro

camera_frame

~1

table

>

world
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TF¢ Transforms in ROS
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y & TF: Overview 27EROS
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A TF is alistributed framework
to track

A Each frames related to at least one other frame

sshoulser_link
uppebeardinink
/ :

ro_stamd—.»
— world_frame




“T: TF: Time Sync
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A TF tracks frame history
I can be used to find transforms in the past!
I essential for asynchronous / distributed system

world camera camera camera
robot base widget widget widget

world robot base robotbase robotbase robotbase robotbase
camera TCP TCP TCP TCP TCP
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A Eachnode has its own

I listens toall tf messages, calculates relative transforms
I Can try to transform in the past
U Can only look as far back as it has been running

¥e

p
tf :: TransformListener listener;
tf .. StampedTransform  transform;

listener.lookupTransform (Atarget o, A srosu:Tiroeg),aransform);

\. J/

 F 1 N

SR G
Ab20S O2yFTdzaAy3a a0l NBSikaz2dzZNDSE
A ros:Time() orros::Time(0) givéatest available transform
oA ros:Time::now() usually fails

o Y3




‘T- TF: Sources
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A Arobot state publisher provides TF data from@RDF

A Nodes can also publish TF data
I DANGER! TF datanbe conflicting
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Exercises.?
Introduction to TF Pafam7se_frame

fake _ar _pub myworkcell _node

vision_node

myworkcell _support

ur5_driver

world->target = world>camera
* camera>target
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Motion Planning
INn ROS
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T: Motion Planning
INn ROS
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“F.. Traditional Robot Programmingos

User Application Robot Controller

/ 4 Interpolate ~ Execute )

vl G N (1P -caRiaen N O™

Move I J2 32 6 )

Linear ® °

AEHE P P2 P1 P2

o J

\ \_ Y,
A Motion Types: limited, but welldefined. One motion task.

A Environment Model: none
A Execution Monitor: applicationspecific

; £Y 3
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“T: Movelt Motion Planning
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Robot Controller

4 Execute A
User Application ) ROS Motion Planning\ @
Move o o 6 4
Request Start Goal C} O
Planning Filtering .
\L J
\_ J
A Motion Types: flexible, goaidriven, with constraints

A Environment Model: automatic, based on live sensor feedback
o.A Execution Monitor: detects changes during motion }
Y &

B, 'Y




“F.. Motion Planning Component
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Interactive Motion Planning
(rvizplugin)
B [ Kinematics]
ROS Action : —> Robot
L [ Path PlannlngJ
( [ Collision Checkin@
C++ API

\.
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Movelt Components
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Sensor Input

http://moveit.ros.org/wiki/High-level Overview_Diagram
http://moveit.ros.org/wiki/Pipeline_QOverview_Diagram
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http://moveit.ros.org/wiki/Pipeline_Overview_Diagram

