
Homework 4 
• SIFT feature extraction
• SIFT feature matching
• Fundamental matrix
• RANSAC



SIFT Feature Extraction



SIFT Feature Extraction



SIFT Feature Matching





SIFT Feature Matching

Lowe, David G. "Distinctive image features from scale-invariant 
keypoints." International journal of computer vision 60.2 (2004): 91-110.



Before ratio test (#pairs = 2076)

Before ratio test (#pairs = 299)



SIFT Feature Matching
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𝑃" 𝑃#



SIFT Feature Matching

𝑃" 𝑃#

𝑃$



SIFT Feature Matching
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𝐏𝟏 == 𝐏𝟑?



SIFT Feature Matching

𝑃" 𝑃#

𝑃$

𝐏𝟐 passes ratio test?



Before bidirectional matching (#pairs = 299)

After bidirectional matching (#pairs = 260)



Fundamental Matrix



Fundamental Matrix

construct A



Fundamental Matrix

solve F

rectify F



Fundamental Matrix

vu



Robust Fundamental Matrix Estimation



Robust Fundamental Matrix Estimation



Robust Fundamental Matrix Estimation



Robust Fundamental Matrix Estimation



Robust Fundamental Matrix Estimation



Robust Fundamental Matrix Estimation



Robust Fundamental Matrix Estimation



Robust Fundamental Matrix Estimation



Robust Fundamental Matrix Estimation



Homework 5 
• Triangulation
• Stereo
• PnP





Data Capture and Pose Estimation 



Triangulation

X = V(1:3,end) / V(end,end)

[U,D,V] = svd(A)



Triangulation



Triangulation



Triangulation



Stereo



Stereo

Compute rotation matrix C



Stereo

Compute homography



Stereo

Warp images



Stereo



Stereo

For each valid point in 
image1



Stereo

u
Take SIFT feature of point u and point on the 
corresponding epipolar line 𝒍𝒖

𝒍𝒖
𝒖



Stereo

u

Find the match and set it as disparity

𝒍𝒖
𝒖





Tips:
• Debug with individual points
• Resize the image (no more than 500 by 

500 pixels)



Additional Image Registration

image 1

image 2 image 2

image 3
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Additional Image Registration

3D-2D correspondences
(Triangulation)
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Additional Image Registration

3D-2D correspondences
(Triangulation)

2D-2D correspondences
(SIFT matching)
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Additional Image Registration

3D-2D correspondences
(Triangulation)

2D-2D correspondences
(SIFT matching)

3D-2D correspondences



Additional Image Registration

u

Set up A from 2D coordinates



Additional Image Registration

uSolve R and t given K



Additional Image Registration

u

SVD clean up and scale t



Additional Image Registration



Additional Image Registration

Reprojection error 𝑒 = 𝑢/ −
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