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Why 3D Representations  

ÁRobots live in the 3D world.  

Á2D maps have been applied 
successfully for navigation tasks such 
as localization.  

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

ÁHow to represent the 3D structure of 
the environment?  



Popular Representations  

ÁPoint clouds  

ÁVoxel grids  

ÁSurface maps  

ÁMeshes  
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Point Clouds  

 

ÁPro:   

ÁNo discretization of data  

ÁMapped area not limited  

 

ÁContra:  

ÁUnbounded memory usage  

ÁNo direct representation of free or unknown 
space  

4 



3D Voxel Grids  

 

ÁPro:   

ÁVolumetric representation  

ÁConstant access time  

ÁProbabilistic update  

 

ÁContra:  

ÁMemory requirement: Complete map is allocated 
in memory  

ÁExtent of the map has to be known/ guessed  

ÁDiscretization errors  
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2.5D Maps: ñHeight Mapsò 

Average over all scan points that fall into a cell  

 

ÁPro:   

ÁMemory efficient  

ÁConstant time access  

 

ÁContra:  

ÁNon -probabilistic  

ÁNo distinction between free and unknown space  
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Elevation Maps  

Á2D grid that stores an estimated height 
(elevation) for each cell  

ÁTypically, the uncertainty increases with 
measured distance  
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we describehow thisclassiýcation can beused to enhance the matching of different

elevation maps.

3 Extended Elevation Maps

As already mentioned above, elevation maps are 21
2
-dimensional representation of

the environment. The maintain a two-dimensional grid and maintain in every cell

of this grid an estimate about theheight of theterrain at thecorresponding point of

the environment. To correctly reþect the actual steepness of the terrain, a common

assumption is that the initial tilt and the roll of thevehicle is known.

When updating a cell based on sensory input, we have to take into account, that

the uncertainty in ameasurement increaseswith thedistance measured due to errors

in the tiltin g angle. In our current system, we a apply a Kalmanýlter to estimate the

parametersÕ1:t andů1:t about the elevation in a cell and its standard deviation. We

apply the following equations to incorporate a new measurement zt with standard

deviationůt at time t [8]:
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Note that the application of the Kalman ýlter allows us to take into account the

uncertainty of the measurement. In our current system, we apply a sensor model,

in which the variance of the height of a measurement increases linearly with the

distanceof thecorrespondingbeam. Thisprocess is indicatedin Figure3.

Fig. 3. Variance of a height measurements depending on thedistance of thebeam.

In additionweneed to identify which of thecellsof theelevation map correspond

to vertical structuresand which onescontain gaps. In order to determinetheclassof

a cell, weýrst consider the variance of the height of all measurements falling into

this cell. If this valueexceedsacertain threshold, weidentif y it asapoint that hasnot



Elevation Maps  

Á2D grid that stores an estimated height 
(elevation) for each cell  

ÁTypically, the uncertainty increases with 
measured distance  

ÁKalman  update to estimate  the elevation   
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Elevation Maps  
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ÁPro:   

Á2.5D representation (vs . full 3D grid)  

ÁConstant time access  

ÁProbabilistic estimate about the height  

 

ÁContra:  

ÁNo vertical objects  

ÁOnly one level is represented  



Typical Elevation Map  
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Extended Elevation Maps  
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Á Identify  

ÁCells that correspond to vertical structures  

ÁCells that contain gaps  

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

Á If so, check whether the corresponding 
point set contains a gap exceeding the 
height of the robot (ñgap cellò) 



Example: Extended Elevation Map  

Á Cells with vertical 
objects (red)  

Á Data points above a big 
vertical gap (blue)  

Á Cells seen from above 
(yellow )  

 

�:  use gap cells to  

    determine traversability  
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