
 
 

Chapter 6 Camera Calibration 

C) 6.5 Explain why errors in the location of the image center do not affect greatly the 
estimates of the remaining parameters. (Hint.- Check out (6.18), (6.19) and (6.20).) 

0  6.6 The direct calibration procedure given in Chapter 2 for a range sensor es- tablishes a 
direct mapping between pixel and world coordinates. Sketch a cal- ibration/acquisition 
procedure for the same sensor, but based on the estima- tion/knowledge of the camera 
parameters. 

Projects 

0   6.1 Implementthefirst(EXPL-PARS-CALandIMAGE-CENTER.CAL)and second (based 
on PROJ    -MAT  - CALIB) calibration algorithm in this chapter. Compare the 
sensitivity of the estimates of the intrinsic parameters obtained by the two methods, by 
repeating the calibration 20 times for different views of the calibration pattern and 
without moving the camera. 

0 6.2 Compare the sensitivity of the estimates of the extrinsic parameters obtained by the 
two methods, by repeating the procedure above without moving the setup. 
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Two are better than one; 
because they have a good reward for their labor. 

Ecclesiastes 4:9 

This chapter is an introduction to stereopsis, or simply stereo, in computer vision. 

Chapter Overview 

Section 7.1 is an informal introduction; it subdivides stereo in two subproblems, 
correspondence and reconstruction, and analyzes a simple stereo system. 
Section 7.2 deals with the problem of establishing correspondences between image elements 
of a stereo pair. 
Section 7.3 is dedicated to the geometry of stereo, the epipolar geometry, and how it can be 
recovered and used. 
Section 7.4 discusses three methods for the reconstruction of the 3-D structure of a scene, 
each assuming a different amount of knowledge on the intrinsic and extrinsic parameters of 
the cameras.                                                             -t 

What You Need to Know to Understand this Chapter 

o Working knowledge of Chapters 2,4,5,6. 
o Singular value decomposition and constrained optimization (Appendix, section A.6). * Basic 
notions of projective geometry (Appendix, section A.4). 



 
 

140 Chapter 7 Stereopsis 

7.1 Introduction 

Stereo vision refers to the ability to infer information on the 3-D structure and distance of a 
scene from two or more images taken from different viewpoints. You can learn a great deal of 
the basic principles (and problems) of a stereo system through a simple exper- iment. Hold 
one thumb at arm's length and close the right and left eye alternatively. What do you expect 
to see? With presumably little surprise you find that the relative position of thumb and 
background appears to change, depending on which eye is open (or closed).' It is precisely 
this difference in retinal location that is used by the brain to reconstruct a 3-D representation 
of what we see. 

7.1.1 The Two Problems of Stereo 

From a computational standpoint, a stereo system must solve two problems. The first, 
known as correspondence, consists in determining which item in the left eye corresponds to 
which item in the right eye (Figure 7.1). A rather subtle difficulty here is that some parts of 
the scene are visible by one eye only. In the thumb experiment, for example, which part of 
the background is occluded by your thumb depends on which eye is open. 'Iberefore, a 
stereo system must also be able to determine the image parts that should not be matched. 

The second problem that a stereo system must solve is reconstruction. Our vivid 3-D 
perception of the world is due to the interpretation that the brain gives of the com- puted 
difference in retinal position, named disparity, between corresponding items.2 The 
disparities of all the image points form the so-called disparity map, which can be displayed 
as an image. If the geometry of the stereo system is known, the disparity map can be 
converted to a 3-D map of the viewed scene (the reconstruction). Figure 7.2 shows an 
example of stereo reconstruction with a human face. Figure 7.3 illustrates an application of 
computational stereopsis in space research: reconstructing the relief of the surface of Venus 
from two satellite (SAR) images. The images were recorded by the Magellan spacecraft, and 
cover an area of approximately 120 x 40 km; each pixel corresponds to 75 m. 

Definitions: Stereo Correspondence itnd Reconstruction 

The correspondence problem: Which parts of the left and right images are projections of the 
same scene element? 
The reconstruction problem: Given a number of corresponding parts of the left and right 
image, and possibly information on the geometry of the stereo system, what can we say 
about the 3-D location and structure of the observed objects? 

I If you think this is obvious, try to explain why, with both eyes open, you almost invariably see only one thumb, 
well separated in depth from the background. 
2 This is best demonstrated by the now popular autostereograms, in which the perception of depth is induced by no 
cue other than disparity. See the Further Readings for more on autostereograms. 
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Figure7.1 Anillustrationofthecorrespondenceproblem.Amatchingbetweencorresponding points of an 
image pair is established (only some correspondences are shown). 

(a)                                              (b) 
Figure 7.2 (a) One image from a stereo pair of Emanuele Trucco's face. (b) 3-D rendering of stereo 
reconstruction. Courtesy of tihe TVring Institute, Glasgow (UK). 



 

 

 



 
 
































