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PSET 1 3(b) needs this!

















Problem Outline
• Q1: Projective Geometry

• Q2: Affine Camera 
Calibration

• Q3: Single View Geometry



P2: Setup



P2: Affine Camera Model



P2: Affine Camera Model

● Linear
● 8 Unknowns



P2: Affine Camera Model

Solution 1
PM = p
P: (24, 4)
M: (4, 2)
p: (24, 2) 



Recall from Lecture 3 Perspective Camera Model



Recall from Lecture 3

Solution 2
PM = p
P: (48, 8)
M: (8,)
p: (48,) 



P2: Affine Camera Model

Solve for M using np.linalg.lstsq or np.linalg.pinv
https://numpy.org/doc/stable/reference/generated/numpy.linalg.lstsq.html
https://numpy.org/doc/stable/reference/generated/numpy.linalg.pinv.html

Once you got the values for M, be careful about how to reconstruct the final camera matrix!

https://numpy.org/doc/stable/reference/generated/numpy.linalg.lstsq.html
https://numpy.org/doc/stable/reference/generated/numpy.linalg.pinv.html


P2: Affine Camera Model

Reproject the scene points onto the image plane and calculate the error.
N is the number of points.



Problem Outline
• Q1: Projective Geometry

• Q2: Affine Camera 
Calibration

• Q3: Single View Metrology



P3: Single View Metrology



P3: Single View Metrology

• Points in L1: (x1, y1), (x2, y2) → slope: m1  = (y2  – y1)/(x2  – x1)

• Points in L2: (x3, y3), (x4, y4) → slope: m2  = (y4  – y3)/(x4  – x3)

• Intersection of L1 and L2: Vanishing Point



P3: Single View Metrology











P3: Single View Metrology
Aw = 0
A is a 3 x 4 matrix
w is a 4 x 1 vector
w is a null vector of A

● Solve for w with SVD
○ A = UDV^T
○ Last column of V is the solution for w

● Use Cholesky Factorization to get K 



P3: Single View Metrology



P3: Compute Angle Between Planes



P3: Compute Angle Between Planes

• Vanishing lines L1 and L2

• L1 = v1 x v2 ; L2 = v3 x v4

– v1 and v2 = vanishing points corresponding to one plane
– v3 and v4 for the other plane

, where
See course notes for more information



P4: Compute Rotation Matrix



P4: Compute Rotation Matrix
• Find corresponding vanishing points from both images (v1, v2, v3) 

and  (v1’, v2’, v3’)

• Calculate directions of vanishing points:

– v = K d →

• di’ = R di , where
– di’ = direction of the ith vanishing point in second image
– di = direction of the ith vanishing point in first image



Project Proposal 



Project Proposal 
• Maximum of 2 pages
• Submit the proposal as a PDF document through Gradescope
• Include the following sections:

• Title and authors

• Introduction

• Prior Work

• Dataset

• Technical Approach

• Evaluation Metrics

• Milestones (dates and sub-goals)

• References



Project Proposal 
• Due 11:59 PM April 25
• Potential Topics

• Review Last Week’s CA Section
• Come to office hours and discuss your ideas

• If you haven’t found a team, check out the Team Forming Thread on Ed
• We have published the Project Reports from last year

• https://web.stanford.edu/class/cs231a/projects2022
• Good Project Proposals from last year

• You can find them in the latest Canvas announcement

https://web.stanford.edu/class/cs231a/projects2022


Thanks!
Questions


