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Three Main Challenges in Robotic:

1. Where am 1? [Localization)

I Sense

I relate sensor readings to a world model
I compute location relative to model

I assumes a perfect world model

2. What the world looks like? (Mapping)

I sense from various positions
I Integrate measurements to produce map
I assumes perfect knowledge of position

A Together 1 and 2 form the problem oSimultaneous
Localization and Mapping SLAM

3. How do | go fromAto B? (Path Planning
I More general: Which action should | pick next?
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Mapping

A What the world looks like
A Improve the accuracy of the map

A Ensure that all the important parts of the
environment are mappedz Exploration !
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Environment RepresentatioiMap)

A Grid Based Maps

A Feature Based Maps
A Topological Maps

A Hybrid Maps
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Consider this Environment:
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Three Basic Map Types

Grid-Based: Feature-Based:  Topological:
Collection of discretized Collection of landmark Collection of nodes and
obstacle/free-space pixels locations and correlated their interconnections

uncertainty
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Three Basic Map Types

Grid-Based Feature-Based | Topological
Construction | Occupancy grids | KalmanFilter Navigation
control laws
Complexity Grid size and Landmark Minimal
resolution covariance (N) complexity
Obstacles Discretized Only structured GVG defined by
obstacles obstacles the safest path
| ocalization | Discrete Arbitrary Localize to nodes
localization localization
Exploration Frontier -based No inherent Graph
exploration exploration exploration
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Grid Based Maps

A Occupied cells
A Free cells =

AUnknown cells —— :
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Frontier based ExploratioGrid Maps)

Frontier Frontier
empty  unknown Cells Targets
%E
obstacle .E};: 0 _@5}_1
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Topological Representations
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Generalizedvoronoi Graph (GVG)

Free Space
H.Choset, J. Burdick, fnSensor based planning, p &aronhoi i
grapho. |l n | EEE Conference on RIb4B80IB9S.cs and Aut ome
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Generalizedvoronoi Graph (GVG)

Free Space with Topological Map (GVG)
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Generalizedvoronoi Graph (GVG)

AAccess GVG

Free Space with Topological Map (GVG)
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Generalizedvoronoi Graph (GVG)

AAccess GVG
AFollow Edge

Free Space with Topological Map (GVG)
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Generalizedvoronoi Graph (GVG)

Adccess GVG

AFollow Edge

AHome to the
MeetPoint

Free Space with Topological Map (GVG)
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Generalizedvoronoi Graph (GVG)

AAccess GVG
AFollow Edge
AHome to the
MeetPoint
ASelect Edge

Free Space with Topological Map (GVG)
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Exploration via Graph Search

A Exhaustive Depth First Search
A Bread-First Search
A Heuristics
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Irregular Triangular Mesh (ITM)

A Terrain Representation
A Underlying Topological Structure
A Path Planning and.Exploration
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From 2.5D Representation to Topological

A Convert ITM into Connected Graph
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Planning

“A Convert ITM into Connected Graph

A Planningusing Graph Search Algorithms:

I Dijkstra, A search algorithms
Start

/

/

Finish
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Planning

A Convert ITM into Connected Graph
A Path Planning using Graph Search Algorithms:

I Dijkstra, A search algorithms
A Different CostFunctions Q \774

I Number of trianglesQ =1 Y

—T
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Planning

A Convert ITM into Connected Graph

A Path Planning using Graph Search Algorithms:

I Dijkstra, A*

A Different CostFunctionsQ %
I Number of triangles \<
. o C C ’
I Euclidian distanceQ =||x’- X|
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Planning

A Convert ITM into Connected Graph

A Path Planning using Graph Search Algorithms:
I Dijkstra, A*

A Different CostFunctionsQ
I Number of triangles
I Euclidian distance

I Slope of each triangly; = HpiﬁH pr \//j -
5 (Il P;
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Planning

A Convert ITM into Connected Graph

A Path Planning using Graph Search Algorithms:

I Dijkstra, A*
A Different CostFunctionsQ P
I Number of triangles h
i Euclidian distance Y & (
i Slope of each triangle A

I Cross triangle slope
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Exploration Planning Problem

Two fundamental problems for path planning during
exploration and mapping:
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Exploration Planning Problem

Two fundamental problems for path planning during
exploration and mapping:

I Planning for re-

ocalization

I Planning the
exploration of
new territory
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