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Assignment 1: Installation

• Check if Rviz2 is installed:

ros2 run rviz2 rviz2

• Install moveit2:
https://moveit.ai/install-moveit2/binary/

• Check installation:

ros2 launch moveit2_tutorials demo.launch.py

• Bore-out preventer: https://moveit.picknik.ai/main/
doc/tutorials/quickstart_in_rviz/quickstart_in_

rviz_tutorial.html#getting-started
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Overview software architecture ROS2 Control
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Overview software architecture ROS2 Control

• Robot control is based on Moveit2+ros2_control

• Ros2_control nodes require configuration from .YAML files
• Controller Manager
• Resource Manager
• Controllers (Joint State Breadcaster/Joint Trajectory

Controller)

• Moveit planners require configuration
• URDF
• Moveit setup assistant to generate SRDF and .YAML files
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Robot modelling using Modified
Denavit–Hartenberg parameters



Modified Denavit–Hartenberg parameter conventions

<latexit sha1_base64="QG0pMrFiEHYCFAZcAlCkU/naQjA=">AAACI3icbZDLSgMxFIYz9VbrbdSlm2ARXGiZKXjBVcGNywr2gjPDkEkzbWjmQpIRShjwUdz4Km5cKMWNC9/FdFpBWw8EPv7/5OTkD1JGhbSsT6O0tLyyulZer2xsbm3vmLt7bZFkHJMWTljCuwEShNGYtCSVjHRTTlAUMNIJhtcTv/NAuKBJfCdHKfEi1I9pSDGSWvLNK+UWQxzeDzxl1ayiThYgdx13gKS6z31FT+3c9XLfrP64cBHsGVTBrJq+OXZ7Cc4iEkvMkBCObaXSU4hLihnJK24mSIrwEPWJozFGERGeKtbL4ZFWejBMuD6xhIX6+4ZCkRCjKNCdEZIDMe9NxP88J5PhpadonGaSxHj6UJgxKBM4CQz2KCdYspEGhDnVu0I8QBxhqWOt6BDs+S8vQrtes89rZ7f1aqP9OI2jDA7AITgGNrgADXADmqAFMHgCL+ANvBvPxqsxNj6mrSVjFuE++FPG1zfUeqE0</latexit>

Ẑi�1

<latexit sha1_base64="T9c6V2lBpj5nrbYCNa9BV7BeOqU=">AAACI3icbZDLSgMxFIYzXmu9jbp0EyyCCy0zBS+4KrhxWcFeYGYYMmnahmYyQ5IRShjwUdz4Km5cKMWNC9/FdFpBWw8EPv7/5OTkj1JGpXKcT2tpeWV1bb20Ud7c2t7Ztff2WzLJBCZNnLBEdCIkCaOcNBVVjHRSQVAcMdKOhjcTv/1AhKQJv1ejlAQx6nPaoxgpI4X2tfaLIZ7oR4F2qk5RpwuQ+54/QEp38lDTMzf3gzy0Kz8uXAR3BhUwq0Zoj/1ugrOYcIUZktJznVQFGglFMSN52c8kSREeoj7xDHIUExnoYr0cHhulC3uJMIcrWKi/b2gUSzmKI9MZIzWQ895E/M/zMtW7CjTlaaYIx9OHehmDKoGTwGCXCoIVGxlAWFCzK8QDJBBWJtayCcGd//IitGpV96J6fler1FuP0zhK4BAcgRPggktQB7egAZoAgyfwAt7Au/VsvVpj62PaumTNIjwAf8r6+gbRXqEy</latexit>

X̂i�1

<latexit sha1_base64="1QLTNQK3MpA6V3/HeLdO90gEJ6k=">AAACI3icbZDLSgMxFIYz9VbrbdSlm2ARXGiZKXjBVcGNywr2IjPDkEkzbWjmQpIRShjwUdz4Km5cKMWNC9/FdFpBWw8EPv7/5OTkD1JGhbSsT6O0tLyyulZer2xsbm3vmLt7bZFkHJMWTljCuwEShNGYtCSVjHRTTlAUMNIJhtcTv/NAuKBJfCdHKfEi1I9pSDGSWvLNK+UWQxzeDzxl1ayiThYgdx13gKS6z31FT+3c9XLfrP64cBHsGVTBrJq+OXZ7Cc4iEkvMkBCObaXSU4hLihnJK24mSIrwEPWJozFGERGeKtbL4ZFWejBMuD6xhIX6+4ZCkRCjKNCdEZIDMe9NxP88J5PhpadonGaSxHj6UJgxKBM4CQz2KCdYspEGhDnVu0I8QBxhqWOt6BDs+S8vQrtes89rZ7f1aqP9OI2jDA7AITgGNrgADXADmqAFMHgCL+ANvBvPxqsxNj6mrSVjFuE++FPG1zfS7KEz</latexit>

Ŷi�1

<latexit sha1_base64="3Yf7FXO4wNtGOum+KkgWJ8WyjRg=">AAACIXicbZBNS8MwGMdTX+d8q3r0EhyCBxntQN1x4MXjBPcibSlplm1haVqSVBih4Cfx4lfx4kGR3cQvY9ZN0M0HAj/+/ydPnvyjlFGpHOfTWlldW9/YLG2Vt3d29/btg8O2TDKBSQsnLBHdCEnCKCctRRUj3VQQFEeMdKLR9dTvPBAhacLv1DglQYwGnPYpRspIoV3XfjHEE4Mo0E7VKep8CXLf84dI6fs81DT3gzy0Kz8eXAZ3DhUwr2ZoT/xegrOYcIUZktJznVQFGglFMSN52c8kSREeoQHxDHIUExnoYrkcnhqlB/uJMIcrWKi/b2gUSzmOI9MZIzWUi95U/M/zMtWvB5ryNFOE49lD/YxBlcBpXLBHBcGKjQ0gLKjZFeIhEggrE2rZhOAufnkZ2rWqe1m9uK1VGu3HWRwlcAxOwBlwwRVogBvQBC2AwRN4AW/g3Xq2Xq0PazJrXbHmER6BP2V9fQPYrqDB</latexit>

Ŷi <latexit sha1_base64="YLFMv4OESrpUJqHlgESTOIDzTpo=">AAACIXicbZBNS8MwGMdTX+d8q3r0EhyCBxntQN1x4MXjBPeCbSlplm1haVqSVBih4Cfx4lfx4kGR3cQvY9ZN0M0HAj/+/ydPnvyjlFGpHOfTWlldW9/YLG2Vt3d29/btg8O2TDKBSQsnLBHdCEnCKCctRRUj3VQQFEeMdKLR9dTvPBAhacLv1DglQYwGnPYpRspIoV3XfjHEE4Mo0E7VKep8CXLf84dI6fs81DT3gzy0Kz8eXAZ3DhUwr2ZoT/xegrOYcIUZktJznVQFGglFMSN52c8kSREeoQHxDHIUExnoYrkcnhqlB/uJMIcrWKi/b2gUSzmOI9MZIzWUi95U/M/zMtWvB5ryNFOE49lD/YxBlcBpXLBHBcGKjQ0gLKjZFeIhEggrE2rZhOAufnkZ2rWqe1m9uK1VGu3HWRwlcAxOwBlwwRVogBvQBC2AwRN4AW/g3Xq2Xq0PazJrXbHmER6BP2V9fQPaOqDC</latexit>

Ẑi
<latexit sha1_base64="qw06YdvKMTyQ6l/Hhfxwre3CEaQ=">AAACIXicbZBNS8MwGMfT+TbnW9Wjl+AQPMhoB+qOAy8eJ7gXaEtJs2wLS9OSpMIIBT+JF7+KFw+K7CZ+GbNugm4+EPjx/z958uQfpYxK5TifVmltfWNzq7xd2dnd2z+wD486MskEJm2csET0IiQJo5y0FVWM9FJBUBwx0o3GNzO/+0CEpAm/V5OUBDEacjqgGCkjhXZD+8UQTwyjQDs1p6iLFch9zx8hpXt5qGnuB3loV388uAruAqpgUa3Qnvr9BGcx4QozJKXnOqkKNBKKYkbyip9JkiI8RkPiGeQoJjLQxXI5PDNKHw4SYQ5XsFB/39AolnISR6YzRmokl72Z+J/nZWrQCDTlaaYIx/OHBhmDKoGzuGCfCoIVmxhAWFCzK8QjJBBWJtSKCcFd/vIqdOo196p2eVevNjuP8zjK4AScgnPggmvQBLegBdoAgyfwAt7Au/VsvVof1nTeWrIWER6DP2V9fQPXIqDA</latexit>

X̂i

<latexit sha1_base64="28ZkaZZWdAfU8joSCtA4PSVujKw=">AAAB73icbVDLTgJBEOzFF+IL9ehlIph4keyS+DhivHjERB4GNmR2mIUJM7PrzKwJ2fATXjxojFd/x5t/4wB7ULCSTipV3enuCmLOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qiSrNI3ptxTH2BB5KFjGBjpfa1RmV25pV7xZJbcWdAy8TLSAky1HvFr24/Iomg0hCOte54bmz8FCvDCKeTQjfRNMZkhAe0Y6nEgmo/nd07QSdW6aMwUrakQTP190SKhdZjEdhOgc1QL3pT8T+vk5jwyk+ZjBNDJZkvChOOTISmz6M+U5QYPrYEE8XsrYgMscLE2IgKNgRv8eVl0qxWvIvK+V21VHvI4sjDERzDKXhwCTW4hTo0gACHZ3iFN+fReXHenY95a87JZg7hD5zPHyABjsw=</latexit>

As i � 1

<latexit sha1_base64="h0feGLI3oQMNkvlGraNtPLbW5rA=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRjDxRHZJUI8YLx4xkQ8DG9ItXah0203bNSEb/oMXDxrj1f/jzX9jgT0o+JJJXt6bycy8IOZMG9f9dnJr6xubW/ntws7u3v5B8fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2Mb2Z++4kqzaS4N5OY+hEeChYygo2VWtcalVm5Xyy5FXcOtEq8jJQgQ6Nf/OoNJEkiKgzhWOuu58bGT7EyjHA6LfQSTWNMxnhIu5YKHFHtp/Nrp+jMKgMUSmVLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeOWnTMSJoYIsFoUJR0ai2etowBQlhk8swUQxeysiI6wwMTaggg3BW355lbSqFe+iUrurluoPWRx5OIFTOAcPLqEOt9CAJhB4hGd4hTdHOi/Ou/OxaM052cwx/IHz+QNET45a</latexit>

As i

<latexit sha1_base64="s5BfBxPda/3X4fwlQx0BsNTJ42Q=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo4BLx4jmIckS+idzCZDZmeXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3U791hNTmsfywYwT5kc4kDzkFI2VWtjL+Jk36ZUrbtWdgSwTLycVyFHvlb+6/ZimEZOGCtS647mJ8TNUhlPBJqVuqlmCdIQD1rFUYsS0n83OnZATq/RJGCtb0pCZ+nsiw0jrcRTYzgjNUC96U/E/r5Oa8MbPuExSwySdLwpTQUxMpr+TPleMGjG2BKni9lZCh6iQGptQyYbgLb68TJrnVe+qenl/Uak95nEU4QiO4RQ8uIYa3EEdGkBhBM/wCm9O4rw4787HvLXg5DOH8AfO5w/ohY9g</latexit>ai�1

<latexit sha1_base64="kcwcYMPVzcupF6twguNUmyjBByk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi8cKplbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPT6g0T+S9GacYxHQgecQZNVbyaS/nk1615tbdGcgy8QpSgwLNXvWr209YFqM0TFCtO56bmiCnynAmcFLpZhpTykZ0gB1LJY1RB/ns2Ak5sUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroOci7TzKBk80VRJohJyPRz0ucKmRFjSyhT3N5K2JAqyozNp2JD8BZfXiats7p3Wb+4O681Hos4ynAEx3AKHlxBA26hCT4w4PAMr/DmSOfFeXc+5q0lp5g5hD9wPn8ADGCO7g==</latexit>ai
<latexit sha1_base64="sMg0rJDQAERNKWYwsKM5UMP7Tfc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi8cKplbaUDabbbt0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TJJpxn2WyES3Q2q4FIr7KFDydqo5jUPJH8LRzdR/eOLaiETd4zjlQUwHSvQFo2glP+rlYtKr1ty6OwNZJl5BalCg2at+daOEZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqwSkX6ibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhv3rIBcqzZArNl/UzyTBhEw/J5HQnKEcW0KZFvZWwoZUU4Y2n4oNwVt8eZm0zureZf3i7rzWeCziKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwBEPiO8Q==</latexit>

di

<latexit sha1_base64="7CNvdJ8dgUUBxYWVMsooPwCNbls=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PAi8cI5qHJEmYnvcmQ2dllplcIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxupn7rCbQRsbrHcQJ+xAZKhIIztNJjF4eArJeJSa9ccavuDHSZeDmpkBz1Xvmr2495GoFCLpkxHc9N0M+YRsElTErd1EDC+IgNoGOpYhEYP5tdPKEnVunTMNa2FNKZ+nsiY5Ex4yiwnRHDoVn0puJ/XifF8NrPhEpSBMXni8JUUozp9H3aFxo4yrEljGthb6V8yDTjaEMq2RC8xZeXSfOs6l1WL+7OK7WHPI4iOSLH5JR45IrUyC2pkwbhRJFn8kreHOO8OO/Ox7y14OQzh+QPnM8f9VeRMQ==</latexit>

✓i

<latexit sha1_base64="WTsIOMPxVt7L59MwVSGmJ4P2A1Q=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgxbArvo4BLx4jmIdkl9A7mSRDZmeXmVkhLPkNLx4U8erPePNvnCR70MSChqKqm+6uMBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUdagsYhVO0TNBJesYbgRrJ0ohlEoWCsc3U791hNTmsfywYwTFkQ4kLzPKRor+T6KZIjdjJ95k2654lbdGcgy8XJSgRz1bvnL78U0jZg0VKDWHc9NTJChMpwKNin5qWYJ0hEOWMdSiRHTQTa7eUJOrNIj/VjZkobM1N8TGUZaj6PQdkZohnrRm4r/eZ3U9G+CjMskNUzS+aJ+KoiJyTQA0uOKUSPGliBV3N5K6BAVUmNjKtkQvMWXl0nzvOpdVS/vLyq1xzyOIhzBMZyCB9dQgzuoQwMoJPAMr/DmpM6L8+58zFsLTj5zCH/gfP4AvOuRkw==</latexit>↵i�1

<latexit sha1_base64="TfDQ/e8uHwJv12uOQ9Md91aE2O0=">AAACAXicbVDLSsNAFJ34rPEVdSO4GSyCG0vSRXVZcOOygn1IEspkOmmHTh7M3EhLqBt/xY0LRdz6F+78G6dtFtp64MLhnHu5954gFVyBbX8bK6tr6xubpS1ze2d3b986OGypJJOUNWkiEtkJiGKCx6wJHATrpJKRKBCsHQyvp377gUnFk/gOxinzI9KPecgpAS11rWPPNT1gI8A5JiOu8ATzC8f0/K5Vtiv2DHiZOAUpowKNrvXl9RKaRSwGKohSrmOn4OdEAqeCTUwvUywldEj6zNU0JhFTfj77YILPtNLDYSJ1xYBn6u+JnERKjaNAd0YEBmrRm4r/eW4G4ZWf8zjNgMV0vijMBIYET+PAPS4ZBTHWhFDJ9a2YDogkFHRopg7BWXx5mbSqFadWqd1Wy/X7Io4SOkGn6Bw56BLV0Q1qoCai6BE9o1f0ZjwZL8a78TFvXTGKmSP0B8bnD+ZFlVQ=</latexit>

axis i � 1

<latexit sha1_base64="ySvmw+6noZmcJkIgeXqTBcAKvr8=">AAAB/3icbVDLSsNAFJ3UV42vqODGzWARXJWki+qy4MZlBfuQJJTJdNIOnTyYuZGW2IW/4saFIm79DXf+jdM2C209cOFwzr3ce0+QCq7Atr+N0tr6xuZWedvc2d3bP7AOj9oqySRlLZqIRHYDopjgMWsBB8G6qWQkCgTrBKPrmd95YFLxJL6DScr8iAxiHnJKQEs968RzTQ/YGHCOyZgrPMXc9PyeVbGr9hx4lTgFqaACzZ715fUTmkUsBiqIUq5jp+DnRAKngk1NL1MsJXREBszVNCYRU34+v3+Kz7XSx2EidcWA5+rviZxESk2iQHdGBIZq2ZuJ/3luBuGVn/M4zYDFdLEozASGBM/CwH0uGQUx0YRQyfWtmA6JJBR0ZKYOwVl+eZW0a1WnXq3f1iqN+yKOMjpFZ+gCOegSNdANaqIWougRPaNX9GY8GS/Gu/GxaC0Zxcwx+gPj8wf/K5Ti</latexit>

axis i

• a (Link Length): The distance along the Xi -axis from the
origin of frame i to the origin of frame i + 1.

• αi (Link Twist): The rotation about the Xi -axis from the
Zi−1-axis to the Zi -axis.
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Modified Denavit–Hartenberg parameter conventions

<latexit sha1_base64="QG0pMrFiEHYCFAZcAlCkU/naQjA=">AAACI3icbZDLSgMxFIYz9VbrbdSlm2ARXGiZKXjBVcGNywr2gjPDkEkzbWjmQpIRShjwUdz4Km5cKMWNC9/FdFpBWw8EPv7/5OTkD1JGhbSsT6O0tLyyulZer2xsbm3vmLt7bZFkHJMWTljCuwEShNGYtCSVjHRTTlAUMNIJhtcTv/NAuKBJfCdHKfEi1I9pSDGSWvLNK+UWQxzeDzxl1ayiThYgdx13gKS6z31FT+3c9XLfrP64cBHsGVTBrJq+OXZ7Cc4iEkvMkBCObaXSU4hLihnJK24mSIrwEPWJozFGERGeKtbL4ZFWejBMuD6xhIX6+4ZCkRCjKNCdEZIDMe9NxP88J5PhpadonGaSxHj6UJgxKBM4CQz2KCdYspEGhDnVu0I8QBxhqWOt6BDs+S8vQrtes89rZ7f1aqP9OI2jDA7AITgGNrgADXADmqAFMHgCL+ANvBvPxqsxNj6mrSVjFuE++FPG1zfUeqE0</latexit>

Ẑi�1

<latexit sha1_base64="T9c6V2lBpj5nrbYCNa9BV7BeOqU=">AAACI3icbZDLSgMxFIYzXmu9jbp0EyyCCy0zBS+4KrhxWcFeYGYYMmnahmYyQ5IRShjwUdz4Km5cKMWNC9/FdFpBWw8EPv7/5OTkj1JGpXKcT2tpeWV1bb20Ud7c2t7Ztff2WzLJBCZNnLBEdCIkCaOcNBVVjHRSQVAcMdKOhjcTv/1AhKQJv1ejlAQx6nPaoxgpI4X2tfaLIZ7oR4F2qk5RpwuQ+54/QEp38lDTMzf3gzy0Kz8uXAR3BhUwq0Zoj/1ugrOYcIUZktJznVQFGglFMSN52c8kSREeoj7xDHIUExnoYr0cHhulC3uJMIcrWKi/b2gUSzmKI9MZIzWQ895E/M/zMtW7CjTlaaYIx9OHehmDKoGTwGCXCoIVGxlAWFCzK8QDJBBWJtayCcGd//IitGpV96J6fler1FuP0zhK4BAcgRPggktQB7egAZoAgyfwAt7Au/VsvVpj62PaumTNIjwAf8r6+gbRXqEy</latexit>

X̂i�1

<latexit sha1_base64="1QLTNQK3MpA6V3/HeLdO90gEJ6k=">AAACI3icbZDLSgMxFIYz9VbrbdSlm2ARXGiZKXjBVcGNywr2IjPDkEkzbWjmQpIRShjwUdz4Km5cKMWNC9/FdFpBWw8EPv7/5OTkD1JGhbSsT6O0tLyyulZer2xsbm3vmLt7bZFkHJMWTljCuwEShNGYtCSVjHRTTlAUMNIJhtcTv/NAuKBJfCdHKfEi1I9pSDGSWvLNK+UWQxzeDzxl1ayiThYgdx13gKS6z31FT+3c9XLfrP64cBHsGVTBrJq+OXZ7Cc4iEkvMkBCObaXSU4hLihnJK24mSIrwEPWJozFGERGeKtbL4ZFWejBMuD6xhIX6+4ZCkRCjKNCdEZIDMe9NxP88J5PhpadonGaSxHj6UJgxKBM4CQz2KCdYspEGhDnVu0I8QBxhqWOt6BDs+S8vQrtes89rZ7f1aqP9OI2jDA7AITgGNrgADXADmqAFMHgCL+ANvBvPxqsxNj6mrSVjFuE++FPG1zfS7KEz</latexit>

Ŷi�1

<latexit sha1_base64="3Yf7FXO4wNtGOum+KkgWJ8WyjRg=">AAACIXicbZBNS8MwGMdTX+d8q3r0EhyCBxntQN1x4MXjBPcibSlplm1haVqSVBih4Cfx4lfx4kGR3cQvY9ZN0M0HAj/+/ydPnvyjlFGpHOfTWlldW9/YLG2Vt3d29/btg8O2TDKBSQsnLBHdCEnCKCctRRUj3VQQFEeMdKLR9dTvPBAhacLv1DglQYwGnPYpRspIoV3XfjHEE4Mo0E7VKep8CXLf84dI6fs81DT3gzy0Kz8eXAZ3DhUwr2ZoT/xegrOYcIUZktJznVQFGglFMSN52c8kSREeoQHxDHIUExnoYrkcnhqlB/uJMIcrWKi/b2gUSzmOI9MZIzWUi95U/M/zMtWvB5ryNFOE49lD/YxBlcBpXLBHBcGKjQ0gLKjZFeIhEggrE2rZhOAufnkZ2rWqe1m9uK1VGu3HWRwlcAxOwBlwwRVogBvQBC2AwRN4AW/g3Xq2Xq0PazJrXbHmER6BP2V9fQPYrqDB</latexit>

Ŷi <latexit sha1_base64="YLFMv4OESrpUJqHlgESTOIDzTpo=">AAACIXicbZBNS8MwGMdTX+d8q3r0EhyCBxntQN1x4MXjBPeCbSlplm1haVqSVBih4Cfx4lfx4kGR3cQvY9ZN0M0HAj/+/ydPnvyjlFGpHOfTWlldW9/YLG2Vt3d29/btg8O2TDKBSQsnLBHdCEnCKCctRRUj3VQQFEeMdKLR9dTvPBAhacLv1DglQYwGnPYpRspIoV3XfjHEE4Mo0E7VKep8CXLf84dI6fs81DT3gzy0Kz8eXAZ3DhUwr2ZoT/xegrOYcIUZktJznVQFGglFMSN52c8kSREeoQHxDHIUExnoYrkcnhqlB/uJMIcrWKi/b2gUSzmOI9MZIzWUi95U/M/zMtWvB5ryNFOE49lD/YxBlcBpXLBHBcGKjQ0gLKjZFeIhEggrE2rZhOAufnkZ2rWqe1m9uK1VGu3HWRwlcAxOwBlwwRVogBvQBC2AwRN4AW/g3Xq2Xq0PazJrXbHmER6BP2V9fQPaOqDC</latexit>

Ẑi
<latexit sha1_base64="qw06YdvKMTyQ6l/Hhfxwre3CEaQ=">AAACIXicbZBNS8MwGMfT+TbnW9Wjl+AQPMhoB+qOAy8eJ7gXaEtJs2wLS9OSpMIIBT+JF7+KFw+K7CZ+GbNugm4+EPjx/z958uQfpYxK5TifVmltfWNzq7xd2dnd2z+wD486MskEJm2csET0IiQJo5y0FVWM9FJBUBwx0o3GNzO/+0CEpAm/V5OUBDEacjqgGCkjhXZD+8UQTwyjQDs1p6iLFch9zx8hpXt5qGnuB3loV388uAruAqpgUa3Qnvr9BGcx4QozJKXnOqkKNBKKYkbyip9JkiI8RkPiGeQoJjLQxXI5PDNKHw4SYQ5XsFB/39AolnISR6YzRmokl72Z+J/nZWrQCDTlaaYIx/OHBhmDKoGzuGCfCoIVmxhAWFCzK8QjJBBWJtSKCcFd/vIqdOo196p2eVevNjuP8zjK4AScgnPggmvQBLegBdoAgyfwAt7Au/VsvVof1nTeWrIWER6DP2V9fQPXIqDA</latexit>

X̂i

<latexit sha1_base64="28ZkaZZWdAfU8joSCtA4PSVujKw=">AAAB73icbVDLTgJBEOzFF+IL9ehlIph4keyS+DhivHjERB4GNmR2mIUJM7PrzKwJ2fATXjxojFd/x5t/4wB7ULCSTipV3enuCmLOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qiSrNI3ptxTH2BB5KFjGBjpfa1RmV25pV7xZJbcWdAy8TLSAky1HvFr24/Iomg0hCOte54bmz8FCvDCKeTQjfRNMZkhAe0Y6nEgmo/nd07QSdW6aMwUrakQTP190SKhdZjEdhOgc1QL3pT8T+vk5jwyk+ZjBNDJZkvChOOTISmz6M+U5QYPrYEE8XsrYgMscLE2IgKNgRv8eVl0qxWvIvK+V21VHvI4sjDERzDKXhwCTW4hTo0gACHZ3iFN+fReXHenY95a87JZg7hD5zPHyABjsw=</latexit>

As i � 1

<latexit sha1_base64="h0feGLI3oQMNkvlGraNtPLbW5rA=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRjDxRHZJUI8YLx4xkQ8DG9ItXah0203bNSEb/oMXDxrj1f/jzX9jgT0o+JJJXt6bycy8IOZMG9f9dnJr6xubW/ntws7u3v5B8fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2Mb2Z++4kqzaS4N5OY+hEeChYygo2VWtcalVm5Xyy5FXcOtEq8jJQgQ6Nf/OoNJEkiKgzhWOuu58bGT7EyjHA6LfQSTWNMxnhIu5YKHFHtp/Nrp+jMKgMUSmVLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeOWnTMSJoYIsFoUJR0ai2etowBQlhk8swUQxeysiI6wwMTaggg3BW355lbSqFe+iUrurluoPWRx5OIFTOAcPLqEOt9CAJhB4hGd4hTdHOi/Ou/OxaM052cwx/IHz+QNET45a</latexit>

As i

<latexit sha1_base64="s5BfBxPda/3X4fwlQx0BsNTJ42Q=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo4BLx4jmIckS+idzCZDZmeXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3U791hNTmsfywYwT5kc4kDzkFI2VWtjL+Jk36ZUrbtWdgSwTLycVyFHvlb+6/ZimEZOGCtS647mJ8TNUhlPBJqVuqlmCdIQD1rFUYsS0n83OnZATq/RJGCtb0pCZ+nsiw0jrcRTYzgjNUC96U/E/r5Oa8MbPuExSwySdLwpTQUxMpr+TPleMGjG2BKni9lZCh6iQGptQyYbgLb68TJrnVe+qenl/Uak95nEU4QiO4RQ8uIYa3EEdGkBhBM/wCm9O4rw4787HvLXg5DOH8AfO5w/ohY9g</latexit>ai�1

<latexit sha1_base64="kcwcYMPVzcupF6twguNUmyjBByk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi8cKplbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfoPT6g0T+S9GacYxHQgecQZNVbyaS/nk1615tbdGcgy8QpSgwLNXvWr209YFqM0TFCtO56bmiCnynAmcFLpZhpTykZ0gB1LJY1RB/ns2Ak5sUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroOci7TzKBk80VRJohJyPRz0ucKmRFjSyhT3N5K2JAqyozNp2JD8BZfXiats7p3Wb+4O681Hos4ynAEx3AKHlxBA26hCT4w4PAMr/DmSOfFeXc+5q0lp5g5hD9wPn8ADGCO7g==</latexit>ai
<latexit sha1_base64="sMg0rJDQAERNKWYwsKM5UMP7Tfc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi8cKplbaUDabbbt0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TJJpxn2WyES3Q2q4FIr7KFDydqo5jUPJH8LRzdR/eOLaiETd4zjlQUwHSvQFo2glP+rlYtKr1ty6OwNZJl5BalCg2at+daOEZTFXyCQ1puO5KQY51SiY5JNKNzM8pWxEB7xjqaIxN0E+O3ZCTqwSkX6ibSkkM/X3RE5jY8ZxaDtjikOz6E3F/7xOhv3rIBcqzZArNl/UzyTBhEw/J5HQnKEcW0KZFvZWwoZUU4Y2n4oNwVt8eZm0zureZf3i7rzWeCziKMMRHMMpeHAFDbiFJvjAQMAzvMKbo5wX5935mLeWnGLmEP7A+fwBEPiO8Q==</latexit>

di

<latexit sha1_base64="7CNvdJ8dgUUBxYWVMsooPwCNbls=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2PAi8cI5qHJEmYnvcmQ2dllplcIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxupn7rCbQRsbrHcQJ+xAZKhIIztNJjF4eArJeJSa9ccavuDHSZeDmpkBz1Xvmr2495GoFCLpkxHc9N0M+YRsElTErd1EDC+IgNoGOpYhEYP5tdPKEnVunTMNa2FNKZ+nsiY5Ex4yiwnRHDoVn0puJ/XifF8NrPhEpSBMXni8JUUozp9H3aFxo4yrEljGthb6V8yDTjaEMq2RC8xZeXSfOs6l1WL+7OK7WHPI4iOSLH5JR45IrUyC2pkwbhRJFn8kreHOO8OO/Ox7y14OQzh+QPnM8f9VeRMQ==</latexit>

✓i

<latexit sha1_base64="WTsIOMPxVt7L59MwVSGmJ4P2A1Q=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgxbArvo4BLx4jmIdkl9A7mSRDZmeXmVkhLPkNLx4U8erPePNvnCR70MSChqKqm+6uMBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUdagsYhVO0TNBJesYbgRrJ0ohlEoWCsc3U791hNTmsfywYwTFkQ4kLzPKRor+T6KZIjdjJ95k2654lbdGcgy8XJSgRz1bvnL78U0jZg0VKDWHc9NTJChMpwKNin5qWYJ0hEOWMdSiRHTQTa7eUJOrNIj/VjZkobM1N8TGUZaj6PQdkZohnrRm4r/eZ3U9G+CjMskNUzS+aJ+KoiJyTQA0uOKUSPGliBV3N5K6BAVUmNjKtkQvMWXl0nzvOpdVS/vLyq1xzyOIhzBMZyCB9dQgzuoQwMoJPAMr/DmpM6L8+58zFsLTj5zCH/gfP4AvOuRkw==</latexit>↵i�1

<latexit sha1_base64="TfDQ/e8uHwJv12uOQ9Md91aE2O0=">AAACAXicbVDLSsNAFJ34rPEVdSO4GSyCG0vSRXVZcOOygn1IEspkOmmHTh7M3EhLqBt/xY0LRdz6F+78G6dtFtp64MLhnHu5954gFVyBbX8bK6tr6xubpS1ze2d3b986OGypJJOUNWkiEtkJiGKCx6wJHATrpJKRKBCsHQyvp377gUnFk/gOxinzI9KPecgpAS11rWPPNT1gI8A5JiOu8ATzC8f0/K5Vtiv2DHiZOAUpowKNrvXl9RKaRSwGKohSrmOn4OdEAqeCTUwvUywldEj6zNU0JhFTfj77YILPtNLDYSJ1xYBn6u+JnERKjaNAd0YEBmrRm4r/eW4G4ZWf8zjNgMV0vijMBIYET+PAPS4ZBTHWhFDJ9a2YDogkFHRopg7BWXx5mbSqFadWqd1Wy/X7Io4SOkGn6Bw56BLV0Q1qoCai6BE9o1f0ZjwZL8a78TFvXTGKmSP0B8bnD+ZFlVQ=</latexit>

axis i � 1

<latexit sha1_base64="ySvmw+6noZmcJkIgeXqTBcAKvr8=">AAAB/3icbVDLSsNAFJ3UV42vqODGzWARXJWki+qy4MZlBfuQJJTJdNIOnTyYuZGW2IW/4saFIm79DXf+jdM2C209cOFwzr3ce0+QCq7Atr+N0tr6xuZWedvc2d3bP7AOj9oqySRlLZqIRHYDopjgMWsBB8G6qWQkCgTrBKPrmd95YFLxJL6DScr8iAxiHnJKQEs968RzTQ/YGHCOyZgrPMXc9PyeVbGr9hx4lTgFqaACzZ715fUTmkUsBiqIUq5jp+DnRAKngk1NL1MsJXREBszVNCYRU34+v3+Kz7XSx2EidcWA5+rviZxESk2iQHdGBIZq2ZuJ/3luBuGVn/M4zYDFdLEozASGBM/CwH0uGQUx0YRQyfWtmA6JJBR0ZKYOwVl+eZW0a1WnXq3f1iqN+yKOMjpFZ+gCOegSNdANaqIWougRPaNX9GY8GS/Gu/GxaC0Zxcwx+gPj8wf/K5Ti</latexit>

axis i

• di (Joint Offset): The distance along the Zi−1-axis from the
origin of frame i − 1 to the origin of frame i .

• θi (Joint Angle): The rotation about the Zi−1-axis from the
Xi−1-axis to the Xi -axis.

7



Skyentific robot in Rviz

Figure 1: Skyentific robot in Rviz Figure 2: Axis definition

• Robot design https://skyentific.com/

• Five axis with 3D printed planetary gearboxes driven by
standard stepper motors & dynamixel gripper.

8
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Modified Denavit–Hartenberg parameters of Skyentific robot

Table 1: Modified DH parameters robot

joint αi−1 ai−1 di θi explanation

0 0 0 96.5 fixed ground - base

1 0 0 150 motor_1 base-link_1

2 1
2π 0 0 motor_2 link_1-link_2

3 0 225 0 motor_3 link_2-link_3

4 0 200 0 motor_4 link_3-link_4

5 −1
2π 0 0 motor_5 link_4-link_5

• Gripper is omitted in this overview.
9



What is XAXRO/URDF and how
to apply it to a Robot?



XACRO/URDF description of robot link

• XACRO or XML Macro is a macro language based on XML
used in combination with URDF files

• It is possible to define macro’s, variables and properties

• Math and expressions can be used

• Key featue is the ability to reuse your code for different robot’s

10



XACRO/URDF description of robot link

<link name="base_link">
<visual>

<origin xyz="0 0 0" rpy="0 0 0"/>
<geometry>...</geometry>
<material name="grey" />

</visual>

<collision>
<origin xyz="0 0 0.075" rpy="0 0 0"/>
<geometry>...</geometry>

</collision>

<inertial>
<mass value="1.0" />
<origin xyz="0 0 0.075" rpy="0 0 0"/>
<inertia ixx="1.0" ... izz="1.0"/>

</inertial>
</link> 11



XACRO/URDF description of link geometry

<link name="base_link">
<visual>
<origin xyz="0 0 0" rpy="0 0 0"/>
<geometry>
<mesh filename="file://$(find

robot_description)/meshes/base_z_ob.stl"
scale="0.001 0.001 0.001"/>

</geometry>
<material name="grey" />

</visual>
...

</link>

• Visual is used for visualization only...
• Set origin and orientation according to origin of generated

STL.
• Preferably adjust CAD files to avoid confusion (z up etc) . 12



XACRO/URDF description of link geometry

<link name="base_link">
...
<collision> <!-- cyclinder equivalent -->
<origin xyz="0 0 0.075" rpy="0 0 0"/>
<geometry>
<cylinder radius="0.1" length="0.15"/>

</geometry>
</collision>

...
</link>

• For path planning Moveit needs to know when a robot may
collide with itself or with the enviroment.

• Use simple shapes to avoid computational burden (no STL’s!).

• Derive shape dimensions from CAD file.

13



XACRO/URDF description of link geometry

<link name="base_link">
...
<inertial>
<mass value="1.0" />
<origin xyz="0 0 0.075" rpy="0 0 0"/>
<inertia ixx="1.0" ixy="0.0" ixz="0.0" iyy="1.0"

iyz="0.0" izz="1.0"/>
</inertial>
...

</link>

• For simulations where torque and forces play a role we need to
set inertia and mass.

• Since we will rely on stepper motors we use placeholder values.

• If needed estimates can be eobtained from CAD file.

14



Building the Robot Description
package



Package structure: robot_description

robot_description

launch

meshes

rviz

urdf

CMakeLists.txt

package.xml

15



Assignment 2: Create package

• Create directory structure:

cd ~
mkdir -p minor_ws/src
cd minor_ws/src
ros2 pkg create robot_description
cd robot_description
rm -r include/ src/
mkdir launch meshes rviz urdf
cd ..
code .

• Edit CMakeLists.txt

code .

16



Assignment 3: edit CMakeLists.txt

cmake_minimum_required(VERSION 3.8)
project(robot_description)

find_package(ament_cmake REQUIRED)

# Install directories
install(
DIRECTORY launch meshes urdf rviz
DESTINATION share/${PROJECT_NAME}

)

ament_package()

• Remove testing and add instruction to copy directories.

• Do this in package.xml as well.

17



Assignment 3: edit package.xml

<?xml version="1.0"?>
<?xml-model href="http:..."?>
<package format="3">
<name>robot_description</name>
<version>0.0.0</version>
<description>Skyentific Robot Description

package</description>
<maintainer email="aap@noot.nl">Mies</maintainer>
<license>Apache 2.0</license>
<buildtool_depend>ament_cmake</buildtool_depend>
<export>
<build_type>ament_cmake</build_type>

</export>
</package>

• Test build process with colcon build...

18



Assignment 4: Copy meshes from moodle

robot_description

meshes

base_z_ob.stl

leftjaw.stl

link_1.stl

...

link_5.stl

link_5_gripper.stl

rightjaw.stl

19



Assignment 4: create files in urdf

robot_description

urdf

skyentific_robot_ros2_control.xacro

skyentific_robot.urdf.xacro

• create files using vscode or terminal

cd ~/minor_ws/src/robot_description/urdf
touch skyentific_robot_ros2_control.xacro
touch skyentific_robot.urdf.xacro

20



Assignment 5: Setup skyentific_robot.urdf.xacro

<?xml version="1.0"?>
<robot name="skyentific_robot"

xmlns:xacro="http://www.ros.org/wiki/xacro">

<!-- Include ros2_control Plugins -->
<xacro:include filename="$(find

robot_description)/urdf/
skyentific_robot_ros2_control.xacro" />

<!-- Useful XACRO Variables (Properties) -->
<xacro:property name="PI" value="3.14159265359" />
<material name="grey">

<color rgba="0.5 0.5 0.5 1.0"/></material>
<material name="red">

<color rgba="0.5 0.0 0.0 1.0"/></material>
</robot>

21



Add Base and first link to URDF

Figure 3: The file base_z_ob.stl Figure 4: The file link_1.stl

• The distance from the base to the first link is 96.5 mm.
• There are no rotations.
• Add inside <robot name ...> < /robot>. 22



Assignment 6: Add base_link to URDF

<link name="base_link">
<visual>
<origin xyz="0 0 0" rpy="0 0 0"/>
<geometry>
<mesh filename="file://$(find

robot_description)/meshes/base_z_ob.stl"
scale="0.001 0.001 0.001"/>

</geometry>
<material name="grey" />

</visual>
<collision> <!-- cyclinder equivalent -->
<origin xyz="0 0 0.075" rpy="0 0 0"/>
<geometry>

<cylinder radius="0.1" length="0.15"/>
</geometry>

</collision>
</link>

23



Assignment 7: Add link_1 to URDF

<link name="link_1">
<visual>
<origin xyz="0 0 0" rpy="0 0 0"/>
<geometry>
<mesh filename="file://$(find

robot_description)/meshes/link_1.stl"
scale="0.001 0.001 0.001"/>

</geometry>
<material name="grey" />

</visual>
<collision>
<origin xyz="0 0 0.150" rpy="1.57 0 0"/>
<geometry>

<cylinder radius="0.095" length="0.1"/>
</geometry>

</collision>
</link>

24



Assignment 8: Add joint_1 to URDF

<joint name="joint_1" type="revolute">
<parent link="base_link"/>
<child link="link_1"/>
<origin xyz="0 0 0.0965" rpy="0 0 0"/>
<axis xyz="0 0 1"/>
<limit effort="1000.0" velocity="100.0"

lower="-3.14" upper="3.14" />
</joint>

• The joint is actuated so we need to include a controller.

• We have no hardware yet so we use a mock component.

• Configure the command_interface and state_interface as
position.

• set the initial_value to 0.0.

25



Assignment 9: Edit skyentific_robot_ros2_control.xacro

<?xml version="1.0"?>
<robot xmlns:xacro="http://www.ros.org/wiki/xacro">
<ros2_control name="Arm" type="system">
<hardware>

<plugin>mock_components/GenericSystem</plugin>
</hardware>
<joint name="joint_1">
<command_interface name="position"/>
<state_interface name="position">
<param name="initial_value">0.0</param>

</state_interface>
</joint>

</ros2_control>
</robot>

26



Package structure: launch

robot_description

launch

display.launch.xml

• Launch files contain instructions to start each node in the
correct sequence and contain all necessary parameters.

• Launch files are used in combination with

colcon build
source install/setup.bash
ros2 launch robot_description display.launch.xml

27



Assignment 10: edit launch.xml

<launch>
<let name="urdf_path"

value="$(find-pkg-share robot_description)/urdf/
skyentific_robot.urdf.xacro"/>

<let name="rviz_config_path" value="$(find-pkg-sh are
robot_description)/rviz/urdf_config.rviz"/>

<node pkg="robot_state_publisher"
exec="robot_state_publisher">

<param name="robot_description"
value="$(command 'xacro $(var urdf_path)')"/>

</node>
<node pkg="joint_state_publisher_gui"

exec="joint_state_publisher_gui"/>
<node pkg="rviz2" exec="rviz2" output="screen"

args="-d $(var rviz_config_path)"/>
</launch>

28



Assignment 11: Copy display.rviz from moodle

robot_description

launch

meshes

rviz

display.rviz

urdf

CMakeLists.txt

package.xml

• Rviz files contain configuration
parameters of rviz.

• Store values from rviz in this file
after first startup.

• When changing settings use Save
Config (CTRL+S) to retain them.

29



Assignment 12: Test Functionality

• Test package in Rviz2

ros2 launch robot_description display.launch.xml
30



Assignment13: Display package structure

• Open new terminal, source workspace and type:

rqt_graph

31



Assignment14: Test Package

• Open new terminal, source workspace and type:

cd minor_ws
source install/setup.bash
ros2 node list
ros2 param list /robot_state_publisher
ros2 param get /robot_state_publisher

robot_description
ros2 param get /robot_state_publisher

publish_frequency
ros2 param list /joint_state_publisher
ros2 param get /joint_state_publisher

publish_default_positions

32



Add link_2 and joint_2 to URDF

Figure 5: The file link_1.stl Figure 6: The file link_2.stl

• Link_1 and link_2 are connected by joint_2.

• We need to pay close attention to this joint since the z-axis is
the axis of rotation.

33



Assignment 15: Add link_2 to URDF

<link name="link_2">
<visual>
<origin xyz="0 0 0" rpy="0 0 0"/>
<geometry>
<mesh filename="file://$(find

robot_description)/meshes/link_2.stl"
scale="0.001 0.001 0.001"/>

</geometry>
<material name="grey"/>

</visual>
<collision>
<origin xyz="0.225 0 0 " rpy="0 0 0"/>
<geometry> <cylinder radius="0.07" length="0.1"/>

</geometry>
</collision>

</link>

34



Translation of MDH parameters to REP-103 for joint_2

x

y

z yaw

pitch

roll
x

y

z

roll

z

y

x

pitch

z

x

y

yaw

• Joint_2 has a link twist α1 = 1
2π, a link length and offset of 0

mm but is situated 150 mm above joint_1

• We deviate slightly from the DH parameter convention here.

• The link twist is realized using the REP-103 Convention for
Euler angles used by ROS which is a roll (rotation around X),
followed by a pitch (around Y), and then a yaw (around Z).

35



URDF: joint_2

<joint name="joint_2" type="revolute">
<parent link="link_1"/>
<child link="link_2"/>
<origin xyz="0 0 0.150" rpy="0 -1.57 1.57 "/>
<axis xyz="0 0 1"/>
<limit effort="1000.0" velocity="100.0"

lower="-2.51" upper="2.51" />
</joint>

• We start with a displacement in z direction in the frame of the
previous link (deviating from MDH convention).

• Then have a roll of 0, a pitch of −1
2π and a yaw of +1

2π by
the right hand rule.

• The end result is that the z-axis is the angle of rotation by
motor_2 and the x-axis points along the x-axis of joint_2.
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Assignment 16: Test Functionality

• Test package in Rviz2

ros2 launch robot_description display.launch.xml
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Add link_3 and joint_2 to URDF

Figure 7: The file link_2.stl Figure 8: The file link_3.stl

• Link_2 and link_3 are connected by joint_3.

• This has a link length of 225 mm, a link twist α2, a joint angle
θ3 and a joint offset d3 of 0.
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Assignment 17: Add link_3 to URDF

<link name="link_3">
<visual>
<origin xyz="0 0 0" rpy="0 0 0"/>
<geometry>
<mesh filename="file://$(find

robot_description)/meshes/link_3.stl"
scale="0.001 0.001 0.001"/>

</geometry>
<material name="grey" />

</visual>
<collision>
<origin xyz="0.2 0 0" rpy="0 0 0"/>
<geometry> <cylinder radius="0.055" length="0.1"/>

</geometry>
</collision>
</link>
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Assignment 18: Add joint_3 to URDF

<joint name="joint_3" type="revolute">
<parent link="link_2"/>
<child link="link_3"/>
<origin xyz="0.225 0 0" rpy="0 0 0"/>
<axis xyz="0 0 1"/>
<limit effort="1000.0" velocity="100.0"

lower="-2.51" upper="2.51" />
</joint>

• The link length of 225 mm is realized by a displacement along
the x-axis of joint_2.
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Assignment 19: Test Functionality

• Test package in Rviz2

ros2 launch robot_description display.launch.xml
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Add link_4 and joint_4 to URDF

Figure 9: The file link_3.stl Figure 10: The file link_4.stl

• Link_3 and link_4 are connected by joint_3.

• This has a link length of 200 mm, a link twist α3, a joint angle
θ4 and a joint offset d4 of 0.
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Assignment 20: Add link_4 to URDF

<link name="link_4">
<visual>
<origin xyz="0 0 0" rpy="0 0 0"/>
<geometry>
<mesh filename="file://$(find

robot_description)/meshes/link_4.stl"
scale="0.001 0.001 0.001"/>

</geometry>
<material name="grey" />

</visual>
<collision>
<origin xyz="0.1 0 0" rpy="0 1.57 0"/>
<geometry> <cylinder radius="0.055"

length="0.06"/></geometry>
</collision>

</link>
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Assignment 21: Add joint_4 to URDF

<joint name="joint_4" type="revolute">
<parent link="link_3"/>
<child link="link_4"/>
<origin xyz="0.2 0 0" rpy="0 0 0"/>
<axis xyz="0 0 1"/>
<limit effort="1000.0" velocity="100.0"

lower="-2.51" upper="2.51" />
</joint>

• This joint is similar to joint_3.
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Assignment 22: Test Functionality

• Test package in Rviz2

ros2 launch robot_description display.launch.xml
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Add link_4 and joint_5 to URDF

Figure 11: The file link_4.stl Figure 12: The file link_5.stl

• item
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Assignment 23: Add link_5 to URDF

<link name="link_5">
<visual>
<origin xyz="0 0 0" rpy="0 0 0"/>
<geometry>
<mesh filename="file://$(find

robot_description)/meshes/link_5.stl"
scale="0.001 0.001 0.001"/>

</geometry>
<material name="grey" />

</visual>
<collision>
<origin xyz="0 0 0" rpy="1.57 0 0"/>
<geometry> <cylinder radius="0.055"

length="0.01"/></geometry>
</collision>

</link>
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Translation of MDH parameters to REP-103 for joint_5

x

y

z yaw

pitch

roll
x

y

z

roll

z
y

x

pitch

z
y

x
yaw

• Joint_5 has a link twist of α4 = −1
2π, a link length of 0 and a

link offset θ5 of 9.15 mm.

• The link twist is realized by a pitch angle of 1
2π
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Assignment 24: Add joint_5 to URDF

<joint name="joint_5" type="revolute">
<parent link="link_4"/>
<child link="link_5"/>
<origin xyz="0.0915 0 0" rpy="0 1.57 0"/>
<axis xyz="0 0 1"/>
<limit effort="1000.0" velocity="100.0"

lower="-2.51" upper="2.51" />
</joint>

• Note thet the interface is located at the bottom of joint_5
rather than at the center of the joint.

• The interface can be changed as needed by adjusting the
origin of the visual in z-direction and the joint in x-direction.

• ues XACRO tags like this <origin xyz="$0.0915+0.075 0 0"
rpy="0 1.57 0"/>.
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Assignment 25: Test Functionality

• Test package in Rviz2

ros2 launch robot_description display.launch.xml
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Assignment 26: Test Functionality

• Test package in Rviz2

ros2 launch robot_description display.launch.xml
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Modelling the gripper



Assignment 27: Edit URDF of link_5

<link name="link_5">
<visual>
<origin xyz="0 0 0" rpy="0 0 0"/>
<geometry>
<mesh filename="file://$(find

robot_description)/meshes/link_5_gripper.stl"
scale="0.001 0.001 0.001"/>

</geometry>
<material name="grey" />

</visual>
<collision>
<origin xyz="0 0 0" rpy="1.57 0 0"/>
<geometry> <cylinder radius="0.055"

length="0.01"/></geometry>
</collision>

</link>
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Assignment 28: Test Functionality

• Test package in Rviz2

ros2 launch robot_description display.launch.xml
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Add link_4 and joint_5 to URDF

Figure 13: The file leftjaw.stl Figure 14: The file rightjaw.stl

• Add left and right jaw as link_6 and link_7.

• Add prismatic joints joint_6 and joint_7.
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Assignment 28: Add link_6 to URDF

<link name="gripper_right">
<visual>
<origin xyz="0 0 0" rpy="0 0 0"/>
<geometry>
<mesh filename="file://$(find

robot_description)/meshes/rightjaw.stl"
scale="0.001 0.001 0.001"/>

</geometry>
<material name="red"/>

</visual>
<collision>
<origin xyz="0.01 0.025 0.045" rpy="0 0 0"/>
<geometry> <cylinder radius="0.0125"

length="0.04"/></geometry>
</collision>

</link>
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Assignment 29: Add joint_6 to URDF

<joint name="joint_6" type="prismatic">
<parent link="link_5"/>
<child link="gripper_right"/>
<origin xyz="-0.01 0 0.1015" rpy="0 0 0"/>
<axis xyz="0 1 0"/>
<limit effort="1000.0" velocity="100.0"

lower="-0.018" upper="0.02" />
</joint>

• item
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Assignment 30: Add link_7 to URDF

<link name="gripper_left">
<visual>
<origin xyz="0 0 0" rpy="0 0 0"/>
<geometry>
<mesh filename="file://$(find

robot_description)/meshes/leftjaw.stl"
scale="0.001 0.001 0.001"/>

</geometry>
<material name="red"/>

</visual>
<collision>
<origin xyz="0.01 -0.025 0.045" rpy="0 0 0"/>
<geometry> <cylinder radius="0.0125"

length="0.04"/></geometry>
</collision>

</link>
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Assignment 31:Add joint_7 to URDF

<joint name="joint_7" type="prismatic">
<parent link="link_5"/>
<child link="gripper_left"/>
<origin xyz="-0.01 0 0.1015" rpy="0 0 0"/>
<axis xyz="0 1 0"/>
<mimic joint="joint_6" multiplier="-1"/>
<limit effort="1000.0" velocity="100.0"

lower="-0.018" upper="0.02" />
</joint>

• We are using the mimic functionality to copy the movement of
joint_6.
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Assignment 32: Edit skyentific_robot_ros2_control.xacro

<?xml version="1.0"?>
<robot xmlns:xacro="http://www.ros.org/wiki/xacro">
<ros2_control name="Arm" type="system">
...
</ros2_control>
<ros2_control name="Gripper" type="system">
<hardware>

<plugin>mock_components/GenericSystem</plugin>
</hardware>
<joint name="joint_6">

<command_interface name="position"/>
<state_interface name="position">

<param name="initial_value">0.0</param>
</state_interface>

</joint>
</ros2_control>

</robot>
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Assignment 33: Test Functionality

• Test package in Rviz2

ros2 launch robot_description display.launch.xml
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Project assignment



Apply your knowledge to the Parol6 robot

• https://github.com/PCrnjak/

PAROL6-Desktop-robot-arm.git
61
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Next week: Movit2 planners
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