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Background

ÅNavigation using depth sensor
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Daniel et al,Humanoids, 2012



Background

ÅDepth sensor generates point clouds

ÅConsist of a large amount of points with noise 

ÅProvide useful geometric information of environment
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Real Example of Point CloudsSchematic Illustration

3D Point



Background

ÅGeneral flow for using point clouds
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Applications: 
e.g. Path Planning and Collision Detection

Point clouds Map representation 
( grids or octrees )

Update



Research Goal

ÅUpdate speed VS. Representation accuracy

ÅIssues for both real-time and high quality are important
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Research Goal

ÅAccelerateupdate speed of map

without degrading the representation accuracy

5
Point clouds Map representation

( grids or octrees )

Fast 
Update



Introduction

ÅSuper Ray based Updates 

ÅEnable 2.5 times on average performance improvement 
over the state-of-the-art update method without 
degrading the representation accuracy
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State-of-the-art method Ours

Super Ray
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Related Work

ÅMap Representation

ÅGrid Map [ Roth-Tabaket al., Computer, 1989]

ÅModels a space using grid cells

ÅRequires a large size of memory 
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3D Grid Map 2D Grid Map



Related Work

ÅMap Representation

ÅOctree Map [ Payeuret al., ICRA, 1999]

ÅDivides a 3-D space into 8 sub-spaces recursively
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Octree Data Structure



Related Work

ÅOccupancy Map Representation

ÅOctoMap[ Wurm et al., ICRA, 2010]

ÅUses the Octree Map 

ÅEmploys an occupancy probability to represent an 
occupied state (free, occupied, and unknown) of a cell
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Octree representation with states3D OctoMap

free

Occupied

Unknown



Related Work

ÅOccupancy Map Representation

ÅOctoMap[ Wurm et al., ICRA, 2010]

ÅOccupancy probability of cell ὲgiven measurement ᾀȡ

╛▪ ◑ȡ◄ ╛▪ ◑ȡ◄ ╛▪ ◑◄

Occupancy probabilityof the cell ὲ
at time step ὸ ρ

New sensor measurement ᾀ
to be updated at time step ὸ

ὒὲ ᾀ
ὰ έὧὧόὴὭὩὨίὸὥὸὩ
ὰ ὪὶὩὩίὸὥὸὩ
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Problem

ÅIt takes long time to update map

ÅBresenhamAlgorithm [ J. Amanatideset al., Eurographics, 1987]
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- Associate a raywith a point 
starting from the sensor 
origin

- To compute which cells 
should be update, traverse
cells along the ray



Problem

ÅIt takes long time to update point clouds

ÅBresenhamAlgorithm [ J. Amanatideset al., Eurographics, 1987]
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Updated cell to occupied state
ὒὲ ᾀ ὰ ρȢπ

Updated cell to free state
ὒὲ ᾀ ὰ πȢ5

Time: υὸ

ὸ : time to update a cell



Problem

ÅIt takes long time to update point clouds

ÅBresenhamAlgorithm [ J. Amanatideset al., Eurographics, 1987]
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- Visit the same cells 
multiple times for multiple 
rays

Time: ςπὸ

ὸ : time to update a cell
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Key Idea of Our Approach
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ÅPropose a novel concept: Super Ray

ÅA representative ray for set of points that traverse the 
same cells

Time: ὸ- Collect points associated 
with rays that traverse 
the same cells

ὸ : overhead to generate 

super rays



Key Idea of Our Approach
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ÅPropose a novel concept: Super Ray

ÅA representative ray for set of points that traverse the 
same set of cells

Weighted measurement 

ὒὲ ᾀ
ύ ὰz τȢπ
ύ ὰz ςȢπ

ὸ : overhead to generate 

super rays

- The super ray traverses 
cells only a single time

Time: ὸ + 5 ὸ



Key Idea of Our Approach

16

ÅBenefits of our approach

ÅFaster performance with the same representation accuracy

ÅNovel feature over the prior works

Time: ◄▌▄▪+ 5 ὸTime: ςπὸ

State-of-the-art method Ours



Generate Super Rays Fast
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Å1. Generate a mapping line

ÅDefine regions where rays traverse the same cells

ÅTraversal patterns of cells differ along grid points

ÅSegments of mapping line are associated to the regions



Generate Super Rays Fast
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Å2. Generate super rays using mapping line

ÅMap points to a segment of the mapping line

Weighted measurement 

ὒὲ ᾀ
ύ ὰz
ύ ὰz

- The blue ray is a super ray

- The numbers in frustums 
represent the weight ◌


