Super Ray based Updates
for Occupancy Maps

YoungSurkwon (1t A)

Advisor: SunegzuiYoon




Content

ABackground
ARelated Work
AProblem
AOur Approach
AResult

AConclusion




Backgroundi

ANavigation using depth sensor

... from a 2D projection of the obstacle map
Daniel et alHumanoids, 2012



Backgroundi

Depth sensor generates point clouds

Consist of a large amount of points with noise
Provide useful geometric information of environment

3D Point

/

Schematic Illustration Real Example of Point Clouds .



Backgroundi

AGeneral flow for usingpoint clouds

Update > ‘

Point clouds Map representation
( grids or octrees)
Applications:

e.g. Path Planning and Collision Detection




Research Gadl

AUpdate speed VS. Representation accuracy

Issues for bothieal-time andhigh qualityare important
30
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Research Gadl

AAccelerateupdate speed ofmap

without degradingthe representation accurac

Point clouds Map representation
( grids or octrees)




Introsidicticion

ASuper Ray based Updates

Enable2.5 timeson averageerformance improvement
over the stateof-the-art updatemethodwithout

degradingthe representation accuracy

----
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State-of-the-art method Ours

Super Ray
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Related WoliKz

Map Representation
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2D Grid Map

3D Grid Map



Related WoliK:

AMap Representation

Octree Map [Payeuret al.,ICRA1999]
Divides a @ space into 8 subpaces recursively
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Octree Data Structure




Related Woliik:

AOccupancy Map Representation

OctoMap[ Wurm et al.,ICRA2010]
Uses the Octre®&ap

Employs amccupancyprobability to representan
occupied state (free, occupied, and unknown) of a cell

Unknown
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3DOctoMap Octree representation with states



Related Woliik:

AOccupancy Map Representation

OctoMap[ Wurm et al.,ICRA2010]
Occupancy probability of cellgiven measurement 4

A Trge 300 1 go 4= |14

l

Occupancy probabilitgf the celle
at time stepo p

v
New sensor measuremeit

to be updated at time step
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Protblem

Alt takes long time to updatamap

BresenhamAlgorithm[ J. Amanatideset al.,Eurographics1987]

- Associatea raywith a point
starting from the sensor

Point origin _

clouds - To compute which cells
M})" should be updatetraverse

7 cells along the ray

Sensor origin
I




Protblem

Alt takes long time to update point clouds

BresenhamAlgorithm[ J. Amanatideset al.,Eurographics1987]

Time:v o
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_ Updated cell to occupied state
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R Updated cell to free state
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. time to update a cell




Protblem

Alt takes long time to update point clouds

BresenhamAlgorithm[ J. Amanatideset al.,Eurographics1987]

Time:¢To - Visitthe same cells
multiple times for multiple
rays

2.0 0 . time to update a cell
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Key Idea of Our Appliaachh

APropose a novel concep8uper Ray

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

- Collect points associated | 1'Me:0
with rays thattraverse
the same cells

Super Ray

O :overhead to generate
super rays




Key Idea of Our Appliaachh

APropose a novel concep8uper Ray

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

- The super ray traverses | 1/Me€:0  +50
cellsonly a single time

Weighted measurement

N LZd T8t -2.0 -2.0
U( € | Q l.’) Z ‘a C8'[
O :overhead to generate -2.0

super rays 2.0




Key Idea of Our Appliaachh

ABenefits of our approach

Faster performancevith the same representation accurac
Novel feature over the prior works

Time:CTto Time: 4 -.+' 50
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2.0 -2.0
State-of-the-art method Ours




Generate Super Rays Fast

Al. Generate a mapping line

Define regions where raytsaverse the same cells
Traversal patterns of cells differ aloggd points
Segments of mapping line are associated to the regio

Mapping

A // // line




Generate Super Rays Fast

A2. Generatesuper rays using mapping line
Map points to a segment of the mapping line

- The blue ray is auper ray

- The numbers in frustums
represent theweight ::

Weighted measurement
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