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1 Aerial images

1.1 A physical model

The geometrical model for aerial image acquisition is based on the property
of the optical center : each point m on the image A is the intersection of the
image plane (retinal plane) at the focal distance f with a line going through
the optical center C'. The 3D point M of the scene from which m is originating
from lies on the line (m, C).
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F1G. 1 — Geometry of the pinhole camera model

The relation between these points can be modelized as :
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where R is a 3D rotation matrix.
The elimination of the scale factor « in these equation leads to the collinea-
rity equations :
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m = r31(Xn — Xo) +r32(Yaur — Ye) +r33(Zm — Ze)

These equations expresses the fact that the 3 points M, C and m are on the
same line.



1.2 absolute orientation

If the position of the optical center C' and the focal length are not known,
the collinearity equations become :
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The absolute orientation of the image consists in the calculation of the para-
meters a;;. If N control points are available (i.e. points with known coordinates
in the object space (X,Y,Z) and in image space (z,y)), we have a system of
2.N equations with 11 unknowns, then at least 6 control points are needed to
solve the system.



2 Stereovision

The perception of the relief is a relatively complex capacity of the human
visual system, since it involves different types of informations : size, shape,
shading, motion, and of course the information provided with the combination
of the two images perceived by our eyes.

The capacity to perceive the relief from two slightly different images is called
stereovision. In the domain of computer vision, the methods developed for ste-
reovision are based on the same geometrical principles as human vision : a point
P is projected in P4 on image A and in Pp on image B, the difference of relative
position between P4 and Pp is called disparity and is inversely proportional to
the distance between the point P and the image planes.
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Fi1G. 2 — For stereorestitution two images are taken from two different view
points. A point P of the scene is projected on each image at the intersection of
the image plane and the line joining P and the optical center C'4 or Cp.



2.1 Epipolar Geometry

On figure 2 the intersections of the plane defined by the triplet (P,C4,Cp)
and both image planes determine a pair a conjugate lines, called epipolar lines.
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Fia. 3 — For unrectified images the set of epipolar lines converge at a point,
called the epipole, which is the intersection of the baseline (C4,Cp) with the
image plane. For rectified images epipolar lines are parallel (epipoles are at 0o).



2.2 Relative orientation

The aim of the relative orientation is to determine the relative spatial posi-
tion of both images. If we consider figure 4, this operation consists to calculate
the rotation matrices R4 and Rp which allow to go respectively from the image
space coordinate systems R4 and Rp to the object space coordinate system R.

Let consider two conjugate points P4 and Pp, then the 4 points C4, Cp, Py
and Pp are coplanar, which means that the vectorial product of the 3 vectors
(CaCp,CaPs,CpPp) is equal to 0. This leads to a non-linear equation with
5 unknows (there is one degree of freedom between the 6 rotation angles) which
can be linearized with the Taylor’s formula. At least 5 pairs of conjugate points
are needed to solve this system iteratively with a least-squares solution.
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Fia. 4 — Coordinate system used for relative orientation



2.3 Object space coordinates

When the orientation parameters are known, it is possible to retrieve the
position of a point P in the scene if we known its projections P4 and Pp in
both images. P is the intersection of the lines (P4,C4) and (Pg,Cp).

Since the determination of the orientation parameters may be perturbated
with noise, then P is defined as the center of the shortest segment between the
lines (P4, Cy4) and (Pg,Cp) : P is the least-squares solution of the 4 equations
provided by the 2 lines (P4, C4) and (Pg,Cp).

Image A

F1G. 5 — When two conjugate points P4 and Pp are known, the relative orien-
tation allows to calculate the position of the P they are originating from. P is
defined as the center of the shortest segment between the lines (P4,C4) and
(Pg,Ch).



2.4 Image rectification

The image rectification process aims to reconstruct the images in a frame
parallel to the basis of the stereo pair (C4,Cp). This operation is possible if
the parameters of the relative orientation are known. If the absolute orientation
of at least one image is known, it is possible to select the orientation of the
new image plane in the object space coordinate system (for instance, to select
vertical view points). It is important to notice that in this operation the two
optical center keep the same position.
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Fi1G. 6 — During the rectification process, images are reconstructed in coplanar
image planes.



3 Generation of 3D data

Two types of data are generated with stereo aerial images :

Digital Terrain Model (DTM) : terrain elevation is provided on a regular
grid. In order to reduce the volume of the database and to make easier its mani-
pulation, we may use Triangular Irreqular Network (TIN) for the representation
of DTM.

Building description : each building is described with a set of 3D points
located at the corners of the roof. For complex roof building, this description
should preserve the topology of the roof patches.

3.1 Area-based approach

In this approach, disparity is calculated for all the points (if possible) of one
image : for each point P of image A, we search for the point @ in image B which
is the most similar to point P.

With images rectified in epipolar geometry, this 2D search problem becomes
a 1D search problem since the conjugate point of P lies on the same line in
image B.

A disparity map is generated in the same coordinate system as image A :
for each point the disparity is the difference of abscisse between P and Q).

Hidden parts : since a point in image A may not be seen in image B, it
is usually not possible to calculate a completely dense disparity map. Multiple
images may be used to solve this problem.

3.1.1 Cross-correlation

Intensity-based area correlation techniques have been innvestigated exten-
sively for commercial applications of stereo-photogrammetry, but they are also
some of the oldest methods used in computer vision.

The principle of the cross-correlation to measure the similarity beween two
points is to compare the intensity in a rectangular window around each point.
The normalized central cross-correlation coefficient is given by :
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where A(zp,yp)) and ca(zp,yp) are respectively the mean intensity and stan-
dard deviation in image A at point P (same notation for image B) :
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With this definition of the cross-correlation coefficient, we have the following
properties :



o —1<=C(PQ)<=+l1
e C(P,Q) =%*1 <= 3a,b Vk,l B(zg+k,yqo+l)=axA(xp+k,yp+1)+b

For each point P of image A, we select the point () in image B on the same
epipolar line as P that maximizes the cross-correlation coefficient C(P, Q).

3.1.2 Search constraints

Several geometrical constraints may be used for the search of conjugates

points.

— uniqueness : with opaque objects, one point of image A should have at
most one match in image B, and vice versa.

— order : always with opaque objects, on an epipolar line, if point P’ is on
the right of point P inimage A, then the conjugate of P’ is on the right of
the conjugate of P in image B.

— continuity : for a countryside landscape where the scene is made of smooth
surfaces the disparity map should not contain large disparity gradient, in
urban areas a large disparity gradient corresponds usually to a hidden
part.

3.2 Feature-based approach

In this approach, we first detect features in both images. Then we search
for correspondences between both sets of features. Epipolar geometry is used
to constrain the search. Different types of features may be used : points, line
segments, regions or features of higher level like corners and cross-roads. The
choice of the feature type depends usually of the application.

The same constraints may be used as for area-based techniques (epipolar geo-
metry, uniqueness, order, continuity, disparity gradient), but should be adapted
for each specific feature.
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