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Filtering vs Smoothing

1

Filtering vs. Smoothing What is Graph SLAM? Examples: Graph SLAM in 2D Conclusion



Graph SLAM: Factor Graph Optimization - Based SLAM
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⚫Represent data in a form of graph structure

■ also called pose graph

⚫Enable to correct all the poses via pose graph optimization

⚫Loop closing : once revisit happens, all trajectories are corrected

Example of Camera - based SLAM

(called Visual SLAM )

Example of LiDAR - based SLAM

(called LiDAR SLAM )
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1D Graph Optimization: Batch Formulation (MAP)

⚫Instead of processing sequentially, optimize all states at once
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Procedure of Graph SLAM

⚫Pose graphs 

1. Represent data in a form of graph structure

 Nodes

▪ Poses, which is the state of interest

▪ Sensor data (for loop closing)

 Edges (or constraints)

▪ Relative pose between two nodes

▪ Consists of

– Odometry  (between 𝑡 − 1 and 𝑡 frames)

– Loop closing  information using camera or LiDAR sensors

     (between 𝑖 and 𝑗 frames where 𝑖 + 1 ≠ 𝑗)
2. Define cost function

3. Optimization

 (weighted) least squares
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Graph - Based SLAM Framework

⚫Graph - based SLAM 

■ = Front - End (Graph construction)

■     + Back - End (Optimization)
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Graph - Based SLAM Framework (Cont’d)
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Node 

(i.e., Robot pose 

w/ measurement)

Odom. constraint
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Graph - Based SLAM Framework (Cont’d)
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Node 

(i.e., Robot pose 

w/ measurement)

Odom. constraint

Loop constraint

Estimated   

 by loop closure detection

Measurement

corresponding to   Measurement

corresponding to   
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Graph - Based SLAM Framework (Cont’d)
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Node 

(i.e., Robot pose 

w/ measurement)

Graph - Based SLAM Framework (Cont’d)
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Estimated   

 by loop closure detection

Odom. constraint

Loop constraint
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Intuitive Understanding of Graph SLAM

⚫It’s analogous to the behavior of mass - spring systems 

⚫With strong and weak springs connecting nodes, 

■ Graph optimization is equivalent to energy minimization
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Example: Graph SLAM Using a 2D LiDAR Sensor

⚫In a large - scale env., drift of odometry becomes more severe

⚫It results in an imprecise map
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Example: Graph SLAM Using a 2D LiDAR Sensor (Cont’d)

⚫In a large - scale env., drift of odometry becomes more severe

⚫It results in an imprecise map

⚫Add strong springs by checking similarity 

   of acquired data

■ high similarity → high prob. of revisit  
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Example: Graph SLAM Using a 2D LiDAR Sensor (Cont’d)

⚫In a large - scale env., drift of odometry becomes more severe

⚫It results in an imprecise map

⚫Add strong springs by checking similarity 

   of acquired data

■ high similarity → high prob. of revisit

⚫Then, minimize the cost function!
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Example: Graph SLAM Using a 2D LiDAR Sensor (Cont’d)

⚫In a large - scale env., drift of odometry becomes more severe

⚫It results in an imprecise map

⚫Add strong springs by checking similarity 

   of acquired data

■ high similarity → high prob. of revisit

⚫Then, minimize the cost function!

⚫After optimization, rebuild a map 

   using optimized poses
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Graph SLAM Can Also Contain Landmarks
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Cyrill Stachniss, John J. Leonard, Sebastian Thrun, S imultaneous Localizationand Mapping , 2016: 

https:// www.cs.columbia.edu /~allen /F19/NOTES/ slam_paper.pdf

Filtering vs. Smoothing What is Graph SLAM? Examples: Graph SLAM in 2D Conclusion



Conclusion
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Conclusion  (Cont’d)

⚫Graph - based SLAM algorithm consists of two parts

■ Front - end (Graph construction)

 a) Odometry: pose estimation between consecutive frames

 b) loop closing: pose estimation between non - consecutive  frames

■ Back - end (Graph optimization)

17

Filtering vs. Smoothing What is Graph SLAM? Examples: Graph SLAM in 2D Conclusion



Q. Which One is Better?
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The filtering camp The smoothing camp

vs.

Stergios I. Roumeliotis
Prof. @ Univ. Minnesota → Apple vision pro team

: Author of MSCKF

Guoquan  (Paul) Huang
Prof. @ Univ. Delaware 

: Author of OpenVINS

Frank Dellaert
prof. @ GeorgiaTech  

: GTSAM 

Luca Carlone
prof. @ MIT

Cyrill Stachniss
prof. @ Univ. Bonn
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Q. Which One is Better?  (Cont’d)

⚫In terms of performance : graph optimization - based approaches are better

⚫In terms of computational cost : filtering approaches are more lightweight
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https:// www.youtube.com /watch?v =s_Ol - k8rhwY
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