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1. Epipolar Geometry [2pts] 

Consider two cameras whose image planes are the z=1 plane, and whose focal points are at (-25, 0, 0) 

and (25, 0, 0). We‟ll call a point in the first camera (x, y), and a point in the second camera (u, v). Points 

in each camera are relative to the camera center. So, for example if (x, y) = (0, 0), this is really the point 

(-25, 0, 1) in world coordinates, while if (u, v) = (0, 0) this is the point (25, 0, 1). 

 

 
Figure 1 

 

a. Suppose the points (x, y) = (8, 8) is matched with disparity of 7 to the point (u, v) = (1, 8). What is 

the 3D location of this point? 

b. Consider points that lie on the line x + z = 0, y = 0. Use the same stereo set up as before. Write an 

analytic expression giving the disparity of a point on this line after it projects onto the two images, 

as a function of its position in the right image. So your expression should only involve the variables 

u and d (for disparity). Your expression only needs to be valid for points on the line that are in front 

of the cameras, i.e. with z > 1.  

  

2. Epipolar Rectification [3pts] 

In stereo vision, image rectification is a common preprocessing step to simplify the problem of finding 

matching points between images. The goal is to warp image views such that the epipolar lines are 

horizontal scan lines of the input images. Suppose that we have captured two images IA and IB from 

identical calibrated cameras separated by a rigid transformation 
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Without loss of generality assume that camera A‟s optical center is positioned at the origin and that its 

optical axis is in the direction of the z-axis.  

 

From the lecture, a rectifying transform for each image should map the epipole to the point infinitely far 

away in the horizontal direction HAeA = HBeB = [1, 0, 0]
T
. Consider the following special cases: 

a. Pure horizontal translation t = [tx, 0, 0]
T
, R = I 

b. Pure translation orthogonal to the optical axis t = [tx, ty, 0]
T
, R = I 

c. Pure translation along the optical axis t = [0, 0, tz]
T
 , R = I 



d. Pure rotation t = [0, 0, 0]
T
 , R is an arbitrary rotation matrix 

 

For each of these cases, determine whether or not epipolar rectification is possible. Include the following 

information for each case 

 The epipoles eA and eB 

 The equation of the epipolar line lB in IB corresponding to the point [xA, yA, 1]
T
 in IA (if one exists) 

 A plausible solution to the rectifying transforms HA and HB (if one exists) that attempts to minimize 

distortion (is as close as possible to a 2D rigid transformation). Note that the above 4 cases are 

special cases; a simple solution should become apparent by looking at the epipolar lines. 

One or more of the above rigid transformations may be a degenerate case where rectification is not 

possible or epipolar geometry does not apply. If so, explain why. 

 

3. NCC  [2pts] 

Show that maximizing the NCC  
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Hint: Express cNCC and cNSSD in terms of the vectors (:)
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W  is a mean-shifted and normalized version of the window. N refers to the number of 

pixels in each window. 

 

 

4. Sparse Stereo Matching  [10pts] 

In this assignment you will implement a system that automatically finds correspondences 

between pairs of images and then triangulates the 3D locations. Your data will be pairs of stereo 

images with known projection matrices that are available on the course website. 

 

4.1. Part A: Corner Detection 

       Implement a corner detector as described in the lecture slides (lec13.pdf). Recall that the corner detector   

      also computes the minimum eigenvalue of the matrix  
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and selects corner points that are local maxima and above some threshold.  

 

What to turn in for this section  

 Your matlab code. 

 Show images of detected corner points on the following images using the matlab command 

plot(x,y,’o’) for both  = 0.001 and = 0.01.  

-  ’warrior01’ , windowSize = 11x11  



-  ’dino01’ , windowSize = 15x15  

-   ‘matrix01’ ,  windowSize = 15x15  

 Any modifications to the window size and/or thresholds you used.  

 Does this algorithm work well for these test images? If not, why?  

 

4.2. Part B: Sparse Stereo Correspondence 

To find correspondences between images we can use the epipolar constraint to narrow our 

search.  

 

1) Find the fundamental matrix relating the stereo pair warrior01 and warrior02 using the 

provided function “fund.m”. Plot the epipolar lines in both images for the points you 

used from the first view, and verify that they pass through the corresponding points in 

the second view. Repeat this for the pair of images dino01 and dino02. 

 

2) Implement a procedure that selects pixels that lie on a line. These coordinates will be 

the candidates for our correspondence search in the next step. The provided function 

linePts.m returns the endpoints of a homogenous line, which you can use as input to 

your procedure. 
 

3) Use your corner detector from Part A to detect at least 200 corners in warrior01 

(experiment with the thresholds and window sizes). Now for each of these corners find 

the corresponding epipolar line in the second image warrior02. Using your function 

from the last step search along the epipolar line with window-based correlation to find 

the best correspondence. Choose reasonable window-sizes and compare windows using 

the SSD and NSSD metrics. Repeat this step for the other image pairs. 
 

What to turn in for this section  

 Your Matlab code. 

 Plots of epiploar lines for the warrior and dino pairs 

 The correspondences found from window-based correlation for both SSD and NSSD 

o For each pair of images: 

 Plot the images side by side 

 Plot the corresponding points in each image using plot(x,y,‟o‟) 

 Finally plot lines connecting the points using plot([x0 x1],[y0 y1],‟-„) 

 

 

4.3. Part C: Triangulation 

    Now that you have found correspondences between the pairs of images the goal is to 

triangulate corresponding 3D points. Since we do not enforce the ordering constraint the 

correspondences you have found are likely to be noisy and to contain a fair amount of outliers 

(unreliable correspondences). The projection matrices corresponding to each view have been 

provided on the course webpage. Using these projection matrices you will triangulate a 3D 



point for each corresponding pair of points. Then by reprojecting the 3D points you will be able 

to find most of the outliers.  

 

1) Write a function that takes a pair of stereo images, the detected corresponding points 

between them, and their respective projection matrices and returns the triangulated 

points. You should implement the linear triangulation method described in lecture 

(supplementary material on this subject is available on the course webpage). 

 

2) For each pair of stereo images triangulate the points with respect to the first camera and 

then reproject the points using the second camera.  Show a plot of the original points in 

the second image and a plot of the reprojected points superimposed. Use plot(x,y,‟+‟) to 

plot the points and use different colors for the original points and the reprojected points. 
 

3) For each pair of images determine which points are inliers by thresholding points with a 

reprojection error greater than a few pixels. Specify what threshold you used and plot 

the inlier and outlier correspondences as in you did in Part B (i.e. the images should be 

side by side) . Note: If you find that you do not have many outliers increase the number 

of corners you detect in the first image. 
 

4) Optional: Plot a point cloud! Now that you have the 3D positions of your inlier 

correspondences you can plot a point cloud. However, since the number of inlier 

correspondences is probably low your point cloud will be sparse and it will be hard to 

identify a structure. If you would really like to get a dense point cloud, more images 

with projection matrices can be found at 

http://www.cs.washington.edu/homes/furukawa/research/mview/index.html. You can 

create partial point clouds between pairs of images. Since all the projection matrices are 

known you can merge your partial point clouds to make a dense one. 
 

What to turn in for this section  

 Your Matlab code. 

 Plots of the original and reprojected points on warrior02, dino02, matrix02  

 Plots of the inlier and outlier correspondences for each pair of stereo images 

 

 

What to turn in: 
a. A report with the items described above, any other figures, and comments/issues that you find 

relevant. Also, include a short summary of your conclusions, based on your experiences while 

completing this assignment. 

b. Hardcopy of your code.  

c. Email me (aziegler@cs.ucsd.edu) a tar or zip file with the code and report. Please name the file in 

the following format <First name>_<Last name>_CSE252_HW3. In the subject line, please put the 

string: CSE252HW3.  

 

http://www.cs.washington.edu/homes/furukawa/research/mview/index.html
mailto:aziegler@cs.ucsd.edu

