Lecture 21
Mobile Robotics - VI -
Mapping
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Course logistics

* Quiz 10 was posted yesterday and was due today at noon.
* Project 7:

e GGroups are formed.

e Sessions are going well.
* No TA OHs between 04/07 and 04/23.

* They will be available on demand.

o Karthik's OH will be available to discuss final projects.

* Final Poster Session: 05/05/2025 - Monday - 12:30pm - 2:30pm, Shepherd
Labs 164 - mark your calendars
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Final (Open) Project timeline

Sun Mon Tue Wed Thu Fri Sat
Today
6 10 11 12
Proposal
Slides Due
before the class 13 17 18 19
el
In-class proposal <ﬂ‘ o 24 25 26

presentation

Guest lec Guest lec

27 28 29 30

N
-

Poster Final video
Presentation due
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printing due



Final (Open) Project timeline

 Proposal Slides: (template is provided)
e 1-4 Slides
e Title, Motivation, Input - Output, Evaluation, Deliverables, Timeline, Who is doing what??
e \WWhere does your project stand not the 3-axes (robots, objects, tasks)?

e Backup plan

_ _ Final Project: 15%
e |n-class proposal presentation (<8mins) :

Project proposal slides + presentation: 3%

e Teams will get feedback from the class | | |
Final project video: 6%

* Final video: Poster presentation (evaluation by judges): 6%
e Describing the project idea and the outcome.
e Poster presentation: (template will be provided)

 Presenting the project idea and the outcome to audience.
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Have you started working on your final projects??

At this point, we expect you've settled on an
idea and begun making progress.
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Types of Maps
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Problems in Mapping

® Sensor interpretation

e How do we extract relevant information
from raw sensor data?

e How do we represent and integrate this
information over time?

® Robot locations have to be known

e How can we estimate them during
mapping?
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Occupancy Grid Mapping
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Incremental Updating

of Occupancy Grids (Example)
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Occupancy Grids: From scans to maps




Tech Museum, San Jose

occupanc'y grid map
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Uni Freiburg Building 106
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OctoMap

A Probabilistic, Flexible, and Compact 3D
Map Representation for Robotic Systems

K.M. Wurm, A. Hornung,
M. Bennewitz, C. Stachniss, W. Burgard

University of Freiburg, Germany

http://octomap.sf.net
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Robots in 3D Environments

Mobile manipulation Outdoor navigation

Humanoid robots Flying robots
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3D Map Requirements
= Full 3D Model

= Volumetric representation
= Free-space
= Unknown areas (e.g. for exploration)

= Can be updated

= Probabilistic model
(sensor noise, changes in the environment)

= Update of previously recorded maps

» Flexible

= Map is dynamically expanded
= Multi-resolution map queries

= Compact
= Memory efficient
= Map files for storage and exchange
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Map Representations

Pointclouds

s Pro:
= NO discretization of data
= Mapped area not limited

= Contra:
» Unbounded memory usage

= No direct representation of free or unknown
space
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Map Representations

3D voxel grids

= Pro:

= Probabilistic update
= Constant access time

» Contra:

= Memory requirement
» Extent of map has to be known
= Complete map is allocated in memory
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Map Representations

Octrees

» Tree-based data structure
= Recursive subdivision of
space Into octants

= VVolumes allocated
as needed

= Multi-resolution
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Map Representations

Octrees

= Pro.
= Full 3D model
= Probabilistic
» Flexible, multi-resolution
= Memory efficient

» Contra:

= Implementation can be tricky
(memory, update, map files, ...)

= Open source implementation as C++ library available at http://octomap.sf.net
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Examples

= Cluttered office environment

Map resolution: 2 cm
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Examples: Office Building
= Freiburg, building 079
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Examples: Large Outdoor Areas

= Freiburg computer science campus
(292 x 167 x 28 m3, 20 cm resolution)
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Examples: Tabletop
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Frontier-based Exploration:

Frontier-based exploration is the process of repeatedly detecting frontiers and moving
towards them, until there are no more frontiers and therefore no more unknown regions.

What are frontiers?
Frontier cells define the border between known and unknown space.
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Next Lecture:
SLAM
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