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Rigid Registration
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• Selecting source points 

• Matching points to the target mesh 

• Weighting the correspondences 

• Rejecting bad pairs 

• Compute error metric 

• Minimize error metric



Exercise 2
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• Perform rigid registration between 10 scans of the 

Stanford bunny



Exercise 2
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• Demo 

• ‘SHIFT’ + mouse controls: manual alignment for 
an initial transformation 

• ‘r’: perform single registration step with point to 
point distance minimization 

• ‘SPACE’: perform single registration step with 
point to plane distance minimization 

• ‘n’: load next scan



Exercise 2
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• Getting it compiled 

• Subsampling 

• Bad pairs rejection 

• Point to point optimization 

• Point to plane optimization



Getting It Compiled
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• CMake, OpenGL, OpenMesh 

• ANN (Approximate Nearest Neighbor) 

• efficient closest point lookup using kd-tree



Subsampling
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• Uniform subsampling within a given radius 
subsampleRadius 

• RegistrationViewer::subsample() in 

RegistrationViewer.cc



Bad Pairs Rejection
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• Closest points are computed using ANN 

• Prune correspondences based on 

• distance threshold 

• normal compatibility 

• RegistrationViewer::calculate_correspon

dences() in RegistrationViewer.cc



Point to Point Optimization
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• Minimize                                         

  by solving a linear system  

• Registration::register_point2point() in 

Registration.cc

The actual optimization is performed by minimizing the distance of pairwise correspon-

dences pi and qi in the least square sense:

E =
N

Â
i=1

kRpi + t � qik2

2 (2)

where R is the linearized rotation matrix and t the translation vector. The optimization

can therefore be posed as overdetermined linear system and solved using normal equa-

tions:

Ax = b (3)

In this task you will need to set up matrix A and vector b. The first three components of x

are the three Euler angles x[0] = a, x[1] = b, and x[2] = g, and the other three components

are the translation vector t (x[3] = tx, x[4] = ty, x[5] = tz). Note that solution to Ax = b is

then calculated automatically using the normal equations and the corresponding rotation

matrix and translation vector are extracted.

Press ’r’ multiple times to perform registration which should result in an alignment sim-

ilar to Fig. 3.

Figure 3: Registered scans.

2.5 Point-2-Surface Optimization

Point-2-point optimization converges rather slowly as it does not allow for motion along

the surface. Therefore a second optimization strategy is to optimize the distance of each

scan vertex to the tangential plane defined at the target correspondence. The correspond-

ing tangential surface of vertex pi is defined by the correspondence qi and its normal ni.

Minimizing this point-2-surface distance in the least square sense is again a least squares

solution:

E =
N

Â
i=1

kn
>
i (Rpi + t � qi)k2

2 (4)

Your task is again to set up matrix A and vector b. You will see that registration will

converge very quickly by pressing ’ ’.

When you have accomplished all tasks you can register all scans by first doing a coarse

manual alignment, pressing ’ ’ multiple times for a fine alignment, and then choosing

the next scan by pressing ’n’. Each scan will be registered against all other scans. You
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The actual optimization is performed by minimizing the distance of pairwise correspon-

dences pi and qi in the least square sense:

E =
N

Â
i=1

kRpi + t � qik2

2 (2)

where R is the linearized rotation matrix and t the translation vector. The optimization

can therefore be posed as overdetermined linear system and solved using normal equa-

tions:

Ax = b (3)

In this task you will need to set up matrix A and vector b. The first three components of x

are the three Euler angles x[0] = a, x[1] = b, and x[2] = g, and the other three components

are the translation vector t (x[3] = tx, x[4] = ty, x[5] = tz). Note that solution to Ax = b is

then calculated automatically using the normal equations and the corresponding rotation

matrix and translation vector are extracted.

Press ’r’ multiple times to perform registration which should result in an alignment sim-

ilar to Fig. 3.

Figure 3: Registered scans.

2.5 Point-2-Surface Optimization

Point-2-point optimization converges rather slowly as it does not allow for motion along

the surface. Therefore a second optimization strategy is to optimize the distance of each

scan vertex to the tangential plane defined at the target correspondence. The correspond-

ing tangential surface of vertex pi is defined by the correspondence qi and its normal ni.

Minimizing this point-2-surface distance in the least square sense is again a least squares

solution:

E =
N

Â
i=1

kn
>
i (Rpi + t � qi)k2

2 (4)

Your task is again to set up matrix A and vector b. You will see that registration will

converge very quickly by pressing ’ ’.

When you have accomplished all tasks you can register all scans by first doing a coarse

manual alignment, pressing ’ ’ multiple times for a fine alignment, and then choosing

the next scan by pressing ’n’. Each scan will be registered against all other scans. You
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Euler Angles
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• Three elemental rotations: 

• Any rotation matrix can be decomposed as a product 

of elemental three rotation matrix

Rx(↵) =

2

4
1 0 0
0 cos↵ � sin↵
0 sin↵ cos↵

3

5 Ry(�) =

2

4
cos� 0 sin�
0 1 0

� sin� 0 cos�

3

5 Rz(�) =

2

4
cos � � sin � 0
sin � cos � 0
0 0 1

3

5

c↵ = cos ↵ s↵ = sin↵

R = Rz(⇤)Ry(⇥)Rx(�) =

2

4
c⇤c⇥ �c�s⇤ + c⇤s⇥s� s⇤s� + c⇤c�s⇥
c⇥s⇤ c⇤c� + s⇤s⇥s� c�s⇤s⇥ � c⇤s�
�s⇥ c⇥s� c⇥c�

3
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Linearized Transformation
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• Linearized Euler angle 

  (assuming small rotation:                                  ) 

• Linearized transformation

R =

2

4
c�c� �c↵s� + c�s�s↵ s�s↵ + c�c↵s�
c�s� c�c↵ + s�s�s↵ c↵s�s� � c�s↵
�s� c�s↵ c�c↵

3

5 =

2

4
1 �⇤ ⇥
⇤ 1 ��
�⇥ � 1

3

5

sin ↵ = ↵cos ↵ = 1

x =
⇥

↵ � � tx ty tz

⇤>



Point to Plane Optimization
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• Minimize                                         

  by solving a linear system  

• Registration::register_point2surface() in 

Registration.cc

The actual optimization is performed by minimizing the distance of pairwise correspon-

dences pi and qi in the least square sense:

E =
N

Â
i=1

kRpi + t � qik2

2 (2)

where R is the linearized rotation matrix and t the translation vector. The optimization

can therefore be posed as overdetermined linear system and solved using normal equa-

tions:

Ax = b (3)

In this task you will need to set up matrix A and vector b. The first three components of x

are the three Euler angles x[0] = a, x[1] = b, and x[2] = g, and the other three components

are the translation vector t (x[3] = tx, x[4] = ty, x[5] = tz). Note that solution to Ax = b is

then calculated automatically using the normal equations and the corresponding rotation

matrix and translation vector are extracted.

Press ’r’ multiple times to perform registration which should result in an alignment sim-

ilar to Fig. 3.

Figure 3: Registered scans.

2.5 Point-2-Surface Optimization

Point-2-point optimization converges rather slowly as it does not allow for motion along

the surface. Therefore a second optimization strategy is to optimize the distance of each

scan vertex to the tangential plane defined at the target correspondence. The correspond-

ing tangential surface of vertex pi is defined by the correspondence qi and its normal ni.

Minimizing this point-2-surface distance in the least square sense is again a least squares

solution:

E =
N

Â
i=1

kn
>
i (Rpi + t � qi)k2

2 (4)

Your task is again to set up matrix A and vector b. You will see that registration will

converge very quickly by pressing ’ ’.

When you have accomplished all tasks you can register all scans by first doing a coarse

manual alignment, pressing ’ ’ multiple times for a fine alignment, and then choosing

the next scan by pressing ’n’. Each scan will be registered against all other scans. You
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The actual optimization is performed by minimizing the distance of pairwise correspon-

dences pi and qi in the least square sense:

E =
N

Â
i=1

kRpi + t � qik2

2 (2)

where R is the linearized rotation matrix and t the translation vector. The optimization

can therefore be posed as overdetermined linear system and solved using normal equa-

tions:

Ax = b (3)

In this task you will need to set up matrix A and vector b. The first three components of x

are the three Euler angles x[0] = a, x[1] = b, and x[2] = g, and the other three components

are the translation vector t (x[3] = tx, x[4] = ty, x[5] = tz). Note that solution to Ax = b is

then calculated automatically using the normal equations and the corresponding rotation

matrix and translation vector are extracted.

Press ’r’ multiple times to perform registration which should result in an alignment sim-

ilar to Fig. 3.

Figure 3: Registered scans.

2.5 Point-2-Surface Optimization

Point-2-point optimization converges rather slowly as it does not allow for motion along

the surface. Therefore a second optimization strategy is to optimize the distance of each

scan vertex to the tangential plane defined at the target correspondence. The correspond-

ing tangential surface of vertex pi is defined by the correspondence qi and its normal ni.

Minimizing this point-2-surface distance in the least square sense is again a least squares

solution:

E =
N

Â
i=1

kn
>
i (Rpi + t � qi)k2

2 (4)

Your task is again to set up matrix A and vector b. You will see that registration will

converge very quickly by pressing ’ ’.

When you have accomplished all tasks you can register all scans by first doing a coarse

manual alignment, pressing ’ ’ multiple times for a fine alignment, and then choosing

the next scan by pressing ’n’. Each scan will be registered against all other scans. You
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Results

 13



Submission
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• Deadline: Feb 19, 2019 11:59pm 

• Upload a .zip compressed file named “Exercise2-

YourName.zip” to  

• Blackboard 

• Include a “read.txt” file describing how you solve 

each exercise and the encountered problems



Thanks!
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