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Today

C. Cadena et al., "Past, Present, and Future of Simultaneous Localization and Mapping:
Toward the Robust-Perception Age," in IEEE Transactions on Robotics, vol. 32, no. 6,
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Big Picture 
Trajectory Planning 
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“Map”: Environment Representations 
• Sparse:

• Landmark-based
• No explicit

representation
(pose graph)

• Geometric
primitives

• Dense:
• Point clouds

Figure 5 in Ranganathan, A., Kaess, M., & Dellaert, F. 
(2007). “Loopy SAM”. Proceedings of the 20th 
International Joint Conference on Artificial 
Intelligence (IJCAI), 6-12 January 2007, 2191-2196. 
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• 2D/3D occupancy
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• 3D meshes
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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 5



Graphical representation of pose graph optimization 

pose graph 
T1 T2 T3 

T4 

T5T6 

T7 
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Graphical representation of pose graph optimization 

Incidence Matrix 
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Landmark-based SLAM 

© Michael Kaess. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/ 

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

• Variables: robot poses and landmark positions 8
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Graphical representation of landmark-based SLAM 

© Michael Kaess. All rights reserved. This content is excluded from our Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/ 
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Graphical representation of landmark-based SLAM 
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Some terminology 

Figure 2 in C. Cadena et al., "Past, Present, and Future of Simultaneous Localization and Mapping: Toward the Robust-Perception Age," in IEEE Transactions on 
Robotics, vol. 32, no. 6, pp. 1309-1332, Dec. 2016, doi: 10.1109/TRO.2016.2624754. License: CC BY-NC-SA.
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