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What We’ve Learned so far

⚫SLAM  is a MAP  problem

■ which solves weighted least squares  

■ to estimate  the state  that best explains all measurements  and prior  knowledge.
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What’s Left?
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Q1. How to express the Pose in 3D?
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What’s Left? (Cont’d)
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Q1. How to express the Pose in 3D? Q2. What is Lie Group & Lie Algebra?
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What’s Left? (Cont’d)
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Q1. How to express the Pose in 3D? Q2. What is Lie Group & Lie Algebra?

Q3. How to optimize?
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What’s Left? (Cont’d)
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Q1. How to express the Pose in 3D? Q2. What is Lie Group & Lie Algebra?

Q3. How to optimize? Q4. How to perform data association?
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What’s Left? (Cont’d)
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Q1. How to express the Pose in 3D? Q2. What is Lie Group & Lie Algebra?

Q3. How to optimize? Q4. How to perform data association?
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Relative Pose Transformation In 1D: Simple Addition or Subtraction 

⚫For easy understanding, let’s think about it in 1D space

⚫What if a point is described w.r.t. the world coordinates, i.e. 5m?

■ Just subtract (5 – 3) from 5

 Here, (5 – 3) = 2 is the external effect due to the pose discrepancy
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Actual origin

(aka world 

coordinates)

Origin of a camera

(i.e. camera 

coordinates)

A measured 

point

5 m

3 m
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Pose Representation: The Coupling of Translation  and Rotation

⚫Every rigid - body motion decomposes into exactly two operations
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Representing Rotation: Four Perspectives

⚫Rotation matrix is one  representation. Let us map all major options

⚫All four encode the same rotation 

■ they differ in compactness, singularities, and computational properties.
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Representation 1: Angle (Euler Angles)
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Q. Does Gimbal Lock Actually Happen? 

⚫Gimbal lock occurs when pitch reaches ± 90 °
■ causing roll and yaw to become indistinguishable

■ Real case: Apollo 11 (1969)

⚫In case of ground robots (e.g., Curiosity rover from NASA) 

■ pitch = ± 90 °  is physically impossible → Euler angles are safe in practice
⚫The problem is not Euler angles themselves, but whether your configuration space can 

reach the singularity
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https://apollo11space.com/how - did- apollos - inertial- navigation - system - work/
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Representation 2: Angle - Axis
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Representation 3: Complex Numbers and Quaternions
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Representation 4: Rotation Matrix SO(n)
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2

3
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An Example of Transformation In 2D
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2
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Q. Why - 45 degrees, not +45 degrees?

• From the viewpoint of a point: 

• Counter - clockwise

• From the viewpoint of the coordinate: 

• Clockwise
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An Example of Transformation In 2D (Cont’d)
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In a matrix form,

Rotation matrix Translation vector

2

3
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An Example of Transformation In 2D (Cont’d)



2D Rigid Body Motion: Rotation Then Translation
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Generalization: Rigid Body Motion Group SE(3)

⚫A full 3D pose (position + orientation) is represented as:
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Summary of Transformation Matrix

⚫Don’t be afraid!
■ The only thing that has changed is ±  in 1D has become a multiplication

 To express the rotation and translation simultaneously
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In 1D case In 2D/3D case
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Conclusion

21

⚫Every rigid - body motion = rotation + translation

⚫Four rotation representations — same rotation, different trade - offs

⚫Full pose = SE(3) transformation matrix

■ Unifies rotation and translation into a single 4 × 4 matrix

https://github.com /cocel -postech /genz - icp/blob/03cf3e59f0ab3b5cc4e29e7a038b1ab04da24da7/ cpp /genz_icp /pipeline/GenZICP.cpp#L73

Now, we know the meaning of last_pose  * prediction !
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