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Why 3D Representations

A Robots live in the 3D world.

A 2D maps have been applied
successfully for navigation tasks such
as localization.

A Reliable collision avoidance and path
planning, however, requires accurate
3D models.

A How to represent the 3D structure of
the environment?




Popular Representations

A Point clouds
A Voxel grids

A Surface maps
A Meshes
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Point Clouds

A Pro:
A No discretization of data
A Mapped area not limited

A Contra:
A Unbounded memory usage

A No direct representation of free or unknown
space




3D Voxel Grids

A Pro:
A Volumetric representation
A Constant access time
A Probabilistic update

A Contra:

A Memory requirement. Complete map is allocated
IN memory

A Extent of the map has to be known/ guessed
A Discretization errors



2. 5D Maps: NHel ght

Average over all scan points that fall into a cell

A Pro:
A Memory efficient
A Constant time access

A Contra:
A Non -probabillistic
A No distinction between free and unknown space



Elevation Maps

A 2D grid that stores an estimated height
(elevation) for each cell

A Typically, the uncertainty increases with

measured distance




Elevation Maps

A 2D grid that stores an estimated height
(elevation) for each cell

A Typically, the uncertainty increases with
measured distance

A Kalman update to estimate the elevation




Elevation Maps

A Pro:
A 2.5D representation (vs. full 3D grid)
A Constant time access
A Probabilistic estimate about the height

A Contra:
A No vertical objects
A Only one level is represented
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Extended Elevation Maps

A ldentify

A Cells that correspond to vertical structures

A Cells that contain gaps

A Check whether the variance of the height
of all data points is large for a cell

A If so, check whether the corresponding
Doint set contains a gap exceeding the
nel ght of the robot (ng:
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Example: Extended Elevation Map

A Cells with vertical
objects (red)

A Data points above a big
vertical gap (blue)

A Cells seen from above

use gap cells to
determine traversability

extended elevation map
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