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Abstract. Affine stereo calibration has been identified as the determi-
nation of the plane collineation induced by the plane at infinity. Gen-
erally, this so-called infinity homography can be determined provided 3
image correspondences of points at infinity. In this paper, we first show
that affine stereo calibration for the case of two cameras with the same
intrinsic parameters is possible with one less point at infinity. Then, we
propose two practical methods for affine calibration in the general case.
The experimental results on simulated and real images are presented.

1 Introduction

A basic task in computer vision applications is the determination of camera
parameters, the camera calibration. Camera calibration is the basis of how to
obtain 3D reconstructions which can be used to recognize objects, navigate in
an unknown environment, or just to give binary informations about the scene,
like “there is/is not an obstacle in front of the cameras”. It is evident that, for all
3 examples, exact 3D reconstruction is not always necessary. Object recognition
can be realized on the basis of Euclidean as well as affine or projective invariants.
Navigation sub-tasks often require knowledge of only affine instead of Euclidean
scene properties. For simple obstacle detection, the identification of a plane in
the scene and the epipolar geometry of the camera system are sufficient.

In the pioneer work on projective reconstruction from two uncalibrated im-
ages [2, 6], the affine reconstruction proposed was determined up to 3 free param-
eters. This is later clarified in [9] in which it was shown that the affine calibration
is equivalent to determine the infinity homography.

The goals of this paper are twofold. Firstly, we explore the theory of affine
calibration for cameras with same intrinsic parameters, or, equivalently, for one
camera in movement. Secondly we emphasize practical aspects of affine calibra-
tion which lead to the proposition of two practical methods of affine calibration.

2 Preliminaries

2.1 Camera model

The camera model used throughout the paper is the pin-hole model which mod-
els the camera projection as a perspective transformation from P2 to P2, repre-
sented by a matrix P. This projection matriz can be decomposed as

Pyy=KD=K( R |-Rt)=( KR |-KRt).
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R and t represent the extrinsic and K the intrinsic parameters of the camera.

2.2 Projective calibration

Projective or weak calibration consists on the determination of the epipolar ge-
ometry of two cameras [2, 3, 6]. Projective calibration enables the determination
of the projection matrices of the two cameras, up to an unknown, but common,
projective transformation [5].

2.3 Affine calibration

Knowing the epipolar geometry and the plane collineation for the plane at infin-
ity, affine reconstruction is possible [9]. We call therefore affine calibration the
determination of the so-called infinity homography, provided a projective cali-
bration is given. The infinity homography is represented by the 3x3 matrix H,
which can be computed by [9]!

Ho ~K'R(KR)™'=KRRTK™ (1)

It can be determined from 3 correspondences of vanishing points, provided the
epipolar geometry is given (the two epipoles give a fourth point correspondence).

3 Affine calibration of two cameras with same intrinsic
parameters

3.1 A constraint for the infinity homography

For two cameras with same intrinsic parameters, i.e. K’ = K, Equation (1) is
simplified:
Ho~KR(KR)™'=KRR'K'=KR'K™*

where R is a rotation matrix. Hence, H is similar to a multiple? of R” and has
eigenvalues )\, A\e??, and \e™ %, with a A € R. Thus, the eigenvalues of H., have
the same module. This constraint should be taken into account in the estimation
of Hy, when the two cameras have same intrinsic parameters [7].

3.2 Determination of the infinity homography
A constructive proof of the following proposition is given in [10].

Proposition 1. Suppose that two cameras have same intrinsic parameters and
the epipolar geometry for the cameras is known. Suppose further that the corre-
spondences of 2 vanishing points are known.

Then, in non-degenerated cases (made precise in the proof), we can determine
the infinity homography up to at most 6 solutions.

! By ~ we mean equality up to scalar multiplication.
2 Multiple of a matrix means here the matrix, multiplied with any scalar.
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4 Practical affine calibration methods

We propose two practical methods of affine calibration in the general case, i.e.
the cameras need not to have the same intrinsic parameters. Both of the methods
suppose that a projective calibration is given. Their principle is to determine the
infinity homography by correspondences of vanishing points or lines.

We make the assumption that the stereo system undergoes a translational
movement relative to the observed scene.

Detection of vanishing points. Scene points move on parallel trajectories, relative
to the stereo system. In each image, the vanishing point for the translational
direction is just the intersection of the straight lines which join the tracked
images of one scene point.

Detection of vanishing lines. Consider some coplanar scene points which span a
plane II. As viewed from the stereo system, IT undergoes a translational move-
ment. Let II; be the translated plane at the i-th instant. Since all the II; are
parallel, they intersect in a line at infinity. We briefly describe how the projec-
tions of this line, its vanishing lines, can be determined. For every instant i where
tracking of the points on IT is done, we carry out a projective reconstruction of
11;, using the projective calibration already given. To do so, we reconstruct the
points lying on I7; [8, 4] and obtain the plane in the projective space by spanning
the reconstructed points. We intersect the planes and back-project the intersec-
tion line into the image planes, using once again the given projective calibration.

First affine calibration method: Observation of a plane during a translational
movement. We consider a translational movement between the stereo system and
the scene. In order to be able to detect the vanishing points for the translational
direction, tracking of 2 scene points is sufficient. Detection of a vanishing line
requires tracking of at least 3 coplanar points. Since 3 points are always coplanar,
tracking of at least 3 scene points is sufficient to determine one correspondence
of vanishing points and one of vanishing lines. Once these correspondences have
been established, we can estimate the infinity homography.

The extension of the method for more than 3 points is straightforward.

Second affine calibration method: Three translational movements. With a trans-
lational movement between the stereo system and the scene we can determine one
correspondence of vanishing points. Thus, with 3 different translational move-
ments, which are not in the same plane, we have enough corrspondences of
vanishing points to determine the infinity homography.

The extension of the method for more than 3 movements is straightforward.
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5 Experimental results

5.1 Outline of the experiments

We undertook experiments with simulated as well as real image data for the
first of the two described affine calibration methods. The different steps of the
experimentation are:

1. Determination of the epipolar geometry using an iterative algorithm.

2. Affine calibration of the stereo system by observation of a plane during trans-
lational movement.

3. Euclidean calibration with a classical model-based method.

Affine reconstruction of the scene.

5. Euclidean reconstruction of the same scene. In experimentation with simu-
lated data we take here the original 3D point set.

6. Evaluating the quality of affine calibration by comparing the affine recon-
struction with the Euclidean one (see 5.2).

e

5.2 Evaluation of the quality of affine reconstruction

Suppose that we have reconstructed n points, where the @; are the affine recon-
struction and the R; the Euclidean reconstruction. We evaluate the quality of
the affine reconstruction by the following value:

1 n
— min Y |R; — TQ| (2)
=1

n TeAs

where Aj3 is the group of affine transformations on P3. In words: we align the
affine reconstruction with the Euclidean one. Then, the mean distance error
serves as quality value of the affine reconstruction.

5.3 Experiments with simulated data

We have done affine calibration for all pairs of 9 virtual cameras, by observing
a plane with 92 points which has been translated 4 times. 60 object points have
then been projected by the cameras and the image coordinates perturbed by
Gaussian or uniform noise from 1 to 5 pixel. The affine reconstruction, done for
each pair of the 9 cameras, has then been compared with the original point set,
using the criterion defined in 5.2.

Table 1 shows the obtained results where each of the error values is the mean
of 36 different experiments with 60 object points. The error is given in affine
unit which can be related to the size of the object, 30 x 41 x 22.5.
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Gaussian noise Uniform noise
Noise level| 1 2 3 4 5 1 2 3 4 5
Error 0.329| 1.468| 2.942| 8.878| 7.421|0.128(0.116{0.152(0.207|0.266
Variance [0.053|10.894(13.834|112.268|40.258(0.105|0.007(0.007{0.017{0.028

Table 1. The results of experiments with simulated data.

5.4 Experiments with real data

The image points used for affine calibration have been obtained by taking 5 pairs
of images of a calibration grid which was subject to a translational movement
between each taking, but always in the same direction. The images of the cali-
bration grid have been independently used to establish a Euclidean calibration
of the stereo system. Some sample scenes for experiments are shown in Table 2.

The values in Table 2 show the errors of the affine reconstructions in compar-
ison to the Euclidean ones (see Section 5.2). Each value is the mean of 8 different
calibration setups. In order to well interpret the error values it is important to
note that the height of the house is about 30 cm.

Scene 1 Scene 2 Scene 3 Scene 4
Error [cm)] 0.072 0.213 0.173 0.274
Variance [cm)| 0.001 0.032 0.017 0.027

Scene g
Table 2. The results of experiments with real images. Errors and variances are given
in cm.

Another important remark is that the images have been taken at distances
distance object-camera
object’s size
tion, the assumption of an affine camera model would give bad results. Since
we are using an entirely projective model, our affine calibration method has no

trouble with this condition.
In Figure 1 two examples of affine reconstructions of scenes 1 and 2 are
shown, in comparison with Euclidean reconstructions.

inferior to 1.5 m. So, < 5. Normally, under this condi-

6 Discussion

In this paper, we have examined affine calibration for cameras with same intrinsic
parameters and have shown that in this case only 2 instead of 3 correspondences
of vanishing points are needed.
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Fig. 1. Euclidean and affine reconstructions of two scenes.

We have proposed two practical methods of general affine stereo calibration
which can directly be applied for affine self-calibration. Only for the calibration
step a translational movement of the camera system would be necessary.

Our approach goes in the same direction as the one proposed in [1] where the
camera system is supposed to move only in a single plane and to rotate around
axes which are perpendicular to this plane. With that approach, which is also well
applicable for vehicles, 3 stereo pairs are needed for affine calibration whereas
our approach needs only 2. This is due to our assumption of a translational
movement which is a little bit stronger than the one used in [1].

We have experimented one of the proposed affine calibration methods with
simulated as well as real data and the results show the applicability of the ap-
proach.

This work has been partly supported by ESPRIT-BRA No. 6769 "Second”,
which is grateful acknowledged.
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