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“Map”: Environment Representations
• Sparse: 

• Landmark-based 
• No explicit 

representation  
(pose graph) 

• Geometric  
primitives 

• Dense: 
• Point clouds 
• 2D/3D occupancy  

grids 
• 3D meshes 
• ….



Simultaneous Localization and Mapping

Landmark-based SLAM: 
Estimate trajectory of robot 
and position of external 
landmarks from sensor 
data

Pose Graph Optimization
(a.k.a. pose SLAM): 
Estimate only trajectory from 
sensor data



Pose Graph Optimization

• Measurements: odometry + loop closures (i.e., relative pose 
measurements between non-consecutive poses obtained via place 
recognition & 2-view geometry, or similar) 

• Variables: robot poses



Graphical representation of pose graph optimization
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Pose Graph Optimization: Sparsity



Graphical representation of pose graph optimization

Incidence Matrix



Pose Graph Optimization: Example

https://www.youtube.com/watch?v=KYvOqUB_odg

https://www.youtube.com/watch?v=KYvOqUB_odg
https://www.youtube.com/watch?v=KYvOqUB_odg


Landmark-based SLAM

• Measurements: odometry + measurements of (projection, 
range, position, or others) of external landmarks 

• Variables: robot poses and landmark positions



Graphical representation of landmark-based SLAM



Graphical representation of landmark-based SLAM



Some terminology



Backup



Windowed Bundle Adjustment
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Windowed Bundle Adjustment
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Windowed Bundle Adjustment
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On board?
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