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CMSC733 Spring 2011 -- HW02 (Due March 1, 2011. 4pm)
****************************************************
The objective of this homework is to gain some practical experience on camera calibration using real 
data. We will do this with the help of the Camera Calibration Toolbox which runs in Matlab. You will also 
use the results of the toolbox to perform stereo reconstruction.  
 
Preliminaries:
1. Download stereo data from class website. Save into two folders: cam1-img and cam2-img.
2. Download and install camera calibration toolbox from http://www.vision.caltech.edu/bouguetj/calib_doc/
3. Read through examples 1 and 5: camera calibration and stereo calibration
 
Some important information:
a. Size of calibration board: dX=30mm, dY=30mm
b. Left Camera is cam1, Right Camera is cam2
c. Save calibration results so that they can be used for 4). Copy calibration images to a new folder for 
4).
 
Questions:
1) Perform calibration of cam1 (left) data. 

a. What are the estimated intrinsic parameters of the camera (with their standard deviation)? 
Write down the calibration matrix, K defined in (6.10) of H+Z.

b. Which calibration images gave you the most problem? Describe what you did to reduce the 
estimation error. Show your intermediate and final results. Show the final pixel error scatter plot 
('Analyze Error' button).

c. What is the optimum window size for estimating the corners?
d. Display the corners extracted from calibration image 10.
e. Display the position of the grids with respect to the camera.

 
2) Perform calibration of cam2 (right) data. Same questions as 1)
 
3) Which camera is better calibrated? Justify your conclusions and give suggestions on how one can 
further improve the calibration.
 
4) Perform stereo calibration. 

a. Show the final optimized intrinsic and extrinsic parameters of the stereo rig. Compare them to 
what you found in 1) and 2). What do you notice? Can you explain why they are different?

b. Compute the value of the Rotation matrix between the 2 cameras.
c. Display the stereo rig's spatial configuration
d. Perform rectification of the calibration images. Are they what you expect them to be? Explain 

briefly (in words and drawings) how you can verify that the rectification is accurate. Demonstrate this 
on the rectified images you have produced.
 
5) Perform stereo triangulation

a. Determine the 3D location of the person's face in images 0, 7 and 12. Display the location in 
a 3D plot.

b. Devise a strategy to obtain pairs of corresponding points to produce a dense stereo 
reconstruction of the cabinets visible on images 10 and parts of the wall near the cabinets (behind the 
person). Display the reconstructed 3D point cloud. Does the reconstruction make sense? Highlight regions 
which are problematic and give some reasons why this may be the case. What can you do to improve the 
reconstruction further (be creative!)?


