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1 3D Reconstruction – A Robust Approche
Consider a set of n images, whose projection matrices, i.e. the intrinsic and
extrinsic parameters, are all known. Consider points q1 · · · qn , where qi is a
point in the ith image. These n points are supposed to match one another, i.e.
they are supposed to be projections of the same 3D point. However, there may
be outliers among them.
The goal of this question is to reconstruct the 3D point. Sketch an approach for
doing this, that is robust to these outliers. It is not required to give formulas, but
all steps of the approach should be clearly described (if one step corresponds
exactly to a method described in the course notes, then it is enough to make a
reference to this).
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2 3D Reconstruction from Two Images – An Alternative Method
During the lecture, a 3D reconstruction method has been explained. The goal
of this question is to develop an alternative method, for the case of two images.
Suppose that the intrinsic and extrinsic parameters of the two images are known.
Let q1 and q2 be matching points in the two images. As always, these points
are supposed to be noisy, i.e. they do not correspond to the exact projections of
the original 3D point.
For the 3D reconstruction method to be developed, we propose to impose that
the 3D point Q lies on the line of sight associated with point q1 . The point Q
can thus be parameterized by a single variable, say λ.
Write down this parameterization. Describe how to compute λ, using the point
q2 on the second image and the knowledge of intrinsic and extrinsic parameters.
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3 Point matching for 3 Images
During the lecture, two key concepts for matching pairs of images have been
explained: use of a geometric constraint given by the epipolar geometry and
comparison of image windows in order to detect matching points (by computing
e.g. a correlation score).
One of the problems when using only 2 images for matching is the possibility
of obtaining a wrong solution: for a point in the first image, there may exist
several points on the epipolar line in the second image which look similar to it.
This problem may be avoided by using more than 2 images. Here, we consider
the case of 3 images. We suppose to know the epipolar geometry for each of the
3 pairs of images that may be formed. The goal is to find, for a point q 1 in the
first image, the matching points q2 and q3 in the other two images.
Sketch a method for doing this. The method should benefit from the fact that 3
images are used, in order to avoid the above mentioned problem existing for the
2-image case.
Advice: It is not required to develop formulas; it is enough to describe the
method using words, and if applicable, to refer to the course notes for details
which they already contain.

3

4 Question Linked to Image Mosaics
Let us put in the same setting as the one considered for the generation of image
mosaics: a camera acquires images while rotating about its optical center. Consider the following special case. The camera takes two images. Between the
two images, it carries out a rotation about the X axis:


1 0
0
R = 0 cos γ − sin γ 
0 sin γ cos γ
As for the intrinsic parameters of the camera, we suppose that they correspond
to a simplified calibration matrix whose only unknown is the focal length α:


α 0 0
K =  0 α 0
0 0 1
During the lecture, it has been shown that there exists a projective transformation (an homography) that links the two images, and that it can be estimated
from 4 or more point matches.
The goal of this question is to estimate the homography from a single point
match. To do so, write down the homographie H in terms of the two unknowns,
the rotation angle γ and the focal length α. Then, develop a method (formulas)
for computing these two unknowns, from a single point match (q1 in the first
image and q2 in the second one).
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