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URDF: 
Unified Robot  

Description Format 



URDF: Overview 

ÅURDF is an XML-formatted file containing: 

ïLinks : coordinate frames and associated geometry 

ïJoints : connections between links 

ÅSimilar to DH-parameters (but way less painful) 

ÅCan describe entire workspace, not just robots 
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URDF: Link 

ÅA Link describes a physical or virtual object 
ïPhysical : robot link, workpiece, end-effector, ... 
ïVirtual : TCP, robot base frame, ... 

ÅEach link becomes a TF frame 
ÅCan contain visual/collision geometry [optional] 
 
<link name=ñlink_4ñ> 

 <visual>  
  <geometry>  
   <mesh filename=ñlink_4.stl"/> 
  </geometry>  
  <origin xyz="0 0 0" rpy ="0 0 0" />  
 </visual>  
 <collision>  
  <geometry>  
   <cylinder length="0.5" radius="0.1"/>  
  </geometry>  
  <origin xyz="0 0 - 0.05" rpy ="0 0 0" />  
 </collision>  

</link>  
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URDF Transforms 
 

 X/Y/Z Roll/Pitch/Yaw 
Meters Radians 

frame 

visual 
geometry collision 

geometry 



URDF: Joint 

ÅA Joint connects two Links 

ïDefines a transform between parent and child frames 

ÅTypes: fixed, free, linear, rotary 

ïDenotes axis of movement (for linear / rotary) 

ïContains joint limits on position and velocity 
 

<joint name=ñjoint_2" type="revoluteñ> 

<parent link=ñlink_1"/> 

<child link=ñlink_2"/> 

<origin xyz=ñ0.2 0.2 0" rpy ="0 0 0"/>  

<axis xyz=ñ0 0 1"/>  

<limit lower=" - 3.14" upper="3.14" velocity="1.0"/>  

</joint>  
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ROS-I Conventions 

ÅRobot in Zero Position 

ÅPlace joints on axes 

ÅKeep all frames same 
orientation 

ÅX-Axis Front, Z-Axis Up 

 

ÅUnlike DH-Parameters, 
URDF allows free choice 
of frame orientation 
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Exercise 3.0 
Create a simple urdf 

Exercise 3.0 
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URDF: XACRO 

ÅXACRO is an XML-ōŀǎŜŘ άmacro languageέ ŦƻǊ ōǳƛƭŘƛƴƎ URDFs 
ï<Include> other XACROs, with parameters 
ïSimple expressions: math, substitution 

ÅUsed to build complex URDFs 
ïmulti-robot workcells 
ï reuse standard URDFs (e.g. robots, tooling) 

 
<xacro:include  filename=ñmyRobot.xacro ò/> 

 

<xacro:myRobot  prefix=ñleft_ò/> 

<xacro:myRobot  prefix=ñright_ò/> 

 

<property name=ñoffsetò value=ñ1.3ò/> 

 

<joint name=ñworld_to_left " type=ñfixedñ> 
<parent link=ñworld"/> 
<child link=ñleft_base_link "/>  
<origin xyz=ñ${offset/2} 0 0" rpy ="0 0 0"/>  

</joint>  
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XACRO -> URDF 

ÅMost ROS tools expect URDFs, not XACRO 

Åwǳƴ ǘƘŜ άxacroέ ŎƻƳƳŀƴŘ ǘƻ ŎƻƴǾŜǊǘ ·!/wh 
files to URDF: 

 

 

ÅTypically, xacro conversion is triggered by 
launch files, not executed manually. 
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rosrun  xacro  xacro  robot.xacro  > robot.urdf  

<param name="robot_description Ƨ 
       command="$(find xacro )/ xacro  workcell.xacro " />  



XACRO: Macros 

Define 
XACRO 
Macro 

<xacro:macro  ÎÁÍÅˮƧÒÏÂÏÔƨ paramsˮƧÉÄƨ˲ 

  ˱ÊÏÉÎÔ ÎÁÍÅˮƧʙǅÉÄǆʍÊÏÉÎÔʦƨ˲ 

    ...  

</ xacro > 
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Include 
and 
Call 

Macro 

<xacro:include  ÆÉÌÅÎÁÍÅˮƧrobot.xacro ƨƳ˲ 

 

<xacro:robot  ÉÄƙˮƧÌÅÆÔ Ƴ˲ 

<xacro:robot  ÉÄƙˮƧÒÉÇÈÔƨ Ƴ˲ 

robot.xacro  

workcell.xacro  



URDF Practical Examples 

Å[ŜǘΩǎ ǘŀƪŜ ŀ ǉǳƛŎƪ ƭƻƻƪ ŀǘ 
ǘƘŜ ¦wрΩǎ ¦w5CΥ 

ïIn ur_description/ urdf/ur5.urdf.xacro 
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Exercise 3.1 

Exercise 3.1 
Combine simple urdf with ur5 xacro 

 

13 

world 

table 

camera_frame 

base_link 



14 

TF ς Transforms in ROS 



TF: Overview 

ÅTF is a distributed framework 
to track coordinate frames 

ÅEach frame is related to at least one other frame 
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TF: Time Sync 

ÅTF tracks frame history 

ïcan be used to find transforms in the past! 

ïessential for asynchronous / distributed system 
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TF: c++ 

ÅEach node has its own transformListener   
ïlistens to all tf  messages, calculates relative transforms 

ïCan try to transform in the past 

üCan only look as far back as it has been running 
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tf :: TransformListener  listener;  

tf :: StampedTransform  transform;  

 

listener.lookupTransform (ñtargetò, ñsourceò, ros ::Time(), transform);  

Parent Frame 
όάǊŜŦŜǊŜƴŎŜέύ 

Child Frame 
όάƻōƧŜŎǘέύ 

Result Time 

ÅbƻǘŜ ŎƻƴŦǳǎƛƴƎ άǘŀǊƎŜǘκǎƻǳǊŎŜέ ƴŀƳƛƴƎ ŎƻƴǾŜƴǘƛƻƴ 
Å ros::Time() or ros::Time(0) give latest available transform 
Å ros::Time::now() usually fails 



TF: Sources 

ÅA robot_state_publisher  provides TF data from a URDF 

ÅNodes can also publish TF data 

ïDANGER! TF data can be conflicting 
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Exercise 3.2 
Introduction to TF 

Exercise 3.2 
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fake_ar_pub 

vision_node 
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TF myworkcell_support 

myworkcell_node 

Param: base_frame 

world->target = world->camera 
                              * camera->target 
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Motion Planning 
in ROS 



Motion Planning 
in ROS 
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Traditional Robot Programming 

ÅMotion Types: limited, but well-defined.  One motion task. 

ÅEnvironment Model: none 

ÅExecution Monitor: application-specific 
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MoveIt Motion Planning 

ÅMotion Types: flexible, goal-driven, with constraints 

  but minimal control over actual path 

ÅEnvironment Model: automatic, based on live sensor feedback 

ÅExecution Monitor: detects changes during motion 
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Motion Planning Components 
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Interactive 
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MoveIt Components 
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Sensor Input 

http://moveit.ros.org/wiki/High-level_Overview_Diagram 
http://moveit.ros.org/wiki/Pipeline_Overview_Diagram 

http://moveit.ros.org/wiki/High-level_Overview_Diagram
http://moveit.ros.org/wiki/High-level_Overview_Diagram
http://moveit.ros.org/wiki/High-level_Overview_Diagram
http://moveit.ros.org/wiki/Pipeline_Overview_Diagram

