


































Mosaic Maps: 2D Information from Perspective Data AMRDEC

Figure 13: Broadway and 34th, New York, NY, http://maps.google.com

mosaicking problem, the sub-region size could be chosen to be an order of magnitude larger
than buildings, thus producing an approximation of the topography.

Once the topography is established, we can map every pixel of the image to a satellite
view as if it that pixel is at the topographic distance. The perspective of non-horizontal
features in the resulting image will be distorted, but all features will be placed at or close to
their correct geographic position. We call this the “Google Maps” effect. Figure 13 shows
a clip of Google Maps where photos from three different perspectives have been stitched
together. Note that in the mosaicking application a mixture of of perspective distortions
like this would only be seen if the UAV revisited an area from a different direction. An
examination of Google Maps should provide a good indication of whether this kind of
perspective distortion would be too distracting to an operator.

6 Related Work

While much research has been conducted into mosaicking two dimensional images to form a
larger map, and more work has been done in reconstructing three dimensional information
from two dimensional data, there is less research into constructing a two dimensional map
from images containing three dimensional information.

A survey article on image registration methods [5] breaks down the problem along similar
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lines that we considered. The four basic steps are feature detection, feature matching,
mapping function design, and image translation and resampling. They further divide the
problem into area based and feature based approaches. We take a feature based approach
to image mosaicking. This survey article covers a very broad range of applications including
remote sensing, medical imaging, computer vision and registering a scene to a model. Issues
in remote sensing include many that are not relevant to the problem we studied, including
occlusion of larger areas due to cloud cover. Also, most remote sensing approaches assume
that the sensor is far enough away from the scene that 3D artifacts can be ignored.

Recently, a number of approaches have looked at mosaicking images from handheld
cameras [6, 7, 8]. The paper most relevant to our approach looks at mosaicking images
with parallax [6]. In this paper, the authors are looking at different views taken by a
handheld camera, so they cannot exploit information such as the speed of the plane. The
scenes used as examples are indoor scenes, and do not have the same issues of shadows and
terrain differences evident in our problem. Still, there are many similarities. The authors
make use of two heuristics. Their first heuristic uses features and ”planar plus parallax”
transformations and is similar to the approaches that we studied. Their second approach
uses all the pixels in the scene, and approximates the scene as a set of small planar patches.
Other researchers [7] use a similar approach and information from a pair of cameras to
separate an image into planar sub-scenes, and mosaic each sub-scene individually. We
discarded these area based approaches as being to computationally expensive for the kinds
of images being acquired from a UAV.

The problem we are investigating lies between remote sensing from satellite images and
mosaicking images taken from handheld cameras on the ground.

Relevant references: [9] [10], [11].

Another approach to this project is to attempt to create a three dimensional model of
the imaged objects. This is much more ambitious than 2-D image compilation. First the
relative position and orientation of the camera must be inferred from multiple images and
tracked points. Once these camera orientations are known, we can choose edges and points
to construct a 3-D model of the objects on the ground. Another alternative is to break up
the image into small (approximately planar) regions, track points in those regions to find
their orientation, and connect the regions to create a topography of the area. Each of these
steps have been done in other applications, but often with human intervention at critical
points in the creation process. Algorithm speed is of course also important and it is not
clear whether this approach would be feasible for a real time application.

7 Discussion

In this report, we have discussed several different methods for determining satellite-view
data from perspective images. These methods can be categorized into trying to solve for the
satellite view directly or to construct a three-dimensional view of the objects and then find
their projections on the ground surface. Note that the former algorithm will require fewer
computational resources than the 3D reconstruction, but it also provides less information
about the environment. Further, both of these methods are subject to distortion (as is
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the current algorithm), and the perspective images on which they are based amplify the
distortion errors.

In the process of developing these methods, the current top-down view algorithm is bet-
ter understood and its errors are quantified. The current algorithm removes two symmetries
that are found in the full three-dimensional problem. The first fixes the relevant angle ψ
from vertical (since the ideal view is directly downward), while the mosaicking algorithm
fixes the length scale based on the first image. Since the UAV is subject to significant
movement both vertically and in terms of its heading, then this information, in some form,
is needed to convert the feature information of the image into spatial information of the
environment.

The UAV currently has instrumentation that determines heading and velocity over time,
but to a relatively low degree of accuracy. However, even if this information is known to
some error ǫI , it can be constructive to interpreting the image data for the mosaicking
algorithm. For example, in the two-dimensional problem of finding ordinates (xi, yi) along
the centerline of the image, we note that if the angle ψ is known to within some error αǫI ,
and the altitude H is know up to some error βǫI , then from (3), (4),

y =
wH

H tanψ + w
, x =

q[H − y]

H
.

which is accurate up to O(ǫ). To correct for the instrumentation error, a sequence of
measurements (x(i), y(i)) can be calculated and standard statistical methods can be used to
determine better approximations for the true values of (x, y).

Appendix: Three-Dimensional Geometrical Equations

From the geometrical viewpoint a useful paradigm problem is that of locating points Pk with
k = 1, 2, . . . ,K on a flat earth from a series of images (i = 1, . . . , I) of these points taken
a camera moving arbitrarily above the earth. The calculations are simplest to motivate by
restricting the problem to 2-D. There are two frames of reference that were considered to
study the problem. The first, shown in figure 14 is fixed in the earth. It was however is
easier to think of the camera as being at the center of a “planetarium” with the points Pk
producing stars on the spherical surface that move as i changes, these points have polar

angle θ
(i)
k with respect to some axis as shown in figure 15.

The key question we ask is “for a given number of points K how large must I be for us

to be able to find the Pk from the θ
(i)
k ?”

We observe (K − 1) values of θ
(i)
k (k = 2 . . . ,K) in each image but cannot observe the

unknowns of the height H(i) and the orientation θ
(i)
0 of the camera (in the planetarium

frame these corresponds to unknowns ρ(i) and ψ(i)). Thus by applying simple geometry we
have the K − 1 equations

Pk = H(i) tan(θ
(i)
1 + θ

(i)
k ) k = 2, . . . K

From these I(K − 1) equations we have to determine the K + 2I unknowns Pk, θ
i
1 and H i.

In determining these we know that there is a scale invariance so we can arbitrarily set the
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origin of the axes to be P1 = 0 and set a length scale by taking P2 = 1. For the solution to
be determined we therefore require

I(K − 1) ≥ K + 2I − 2 or I ≥ K − 2

K − 3

The previous naive argument can be generalized to more practical situations. First for
the case where we consider a 2D problem but the earth is no longer taken to be flat, so

that the Pk are not collinear. We take the θ
(i)
k to be the measured polar angles between the

points P1 and Pk (we can consider these 2D positions as complex variables) referred to an
aircraft whose position (again complex) is z(i). Hence

θ
(i)
k = arg

(

z(i) − Pk
z(i) − P1

)

k = 2, . . . ,K, i = 1, . . . , I

There are therefore I(K − 1) such nonlinear algebraic equations. These equations must be
solved for the unknown 2I coordinate components of the z(i) and the 2K − 4 coordinate
components of the Pk (note that P1 can arbitrarily be assigned to (0, 0) and P2 to (1, 0) in
order to assign the coordinate system in the earth). Hence there may be sufficient equations
if

I ≥ K − 2

K − 3

Note that if we impose the additional requirement that the Pk be collinear (the earth is
flat) then we have I(K − 1) equations for 2I +K − 2 unknowns which retrieves the results
in (7).
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