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FAST 3D LOCALIZATION OF POLYGONAL OBJECT IN
MONOCULAR VISION

Abstract.
We propose an iterative method of 3D localization  of 2D or 3D polygonal shapes
by monocular vision from a sngle image. The method assumes that the size of the
polygonal object is known and that the camera is calibrated. Essentially, the 3D
localization is obtained by the resolution of a non-linear system using the
parametric equations of the polygonal object (contour) projection in the image
plan. Then we show that it is possible with this approach to implement a simple
and robust 3D localization process in real time. One interesting application we
are currently working on, is the 3D real-time localization of road signs from a
mobile vehicle with a monocular vision system.

keywords : 3D localization, Pose problem, CG method for nonlinear system.

1 INTRODUCTION

In this paper, the problem of localization consists in determining the translation and
rotation parameters of an object with respect to a coordinate system (e.g. camera) from
image(s) knowing the camera intrinsic parameters. In stereovision or with multiple images,
this problem is solved by finding landmark correspondences in the two (or more) images
knowing the extrinsic parameters of the cameras. In monocular vision with a single image, we
must rely on a priori knowledge (to compensate for the lack of information) about the object
shape to perform the same task. Both techniques are used in many applications such as car or
robot localization [2-7].

The proposed method was realized with the aim of supplying data on distances (and
orientations) of polygonal forms (essentially road signs) contained in a road scene (figure 1)
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in real time. Indeed, this is a question of giving to the driver quantitative distance information
about the outside environment for a vehicle moving at a speed of about 50km/hour [8]. These
polygonal forms have at least 3 corners (vertices) that can be extracted generally without too
much problems using edge detection [3, 10, 11] and simple color segmentation (figure 1).

In this paper we assume that edges and vertices are detected with an appropriate
algorithm (Susan edge detector [10] in figure 1).

.

Figure 1  : (Left) Typical example of a road scene with a polygonal shape (stop sign), with
edge detection [10] and color segmentation (right).

In the next section, we focus on the formulation of localization with the polygon
parametric equations.

2 CAMERA-POLYGON SYSTEM MODELING

Our goal is to find the distance between a polygon and the camera. In order to do this we
choose the coordinate system of the camera where it is easy to establish the relationship
between a 3D point with coordinates (xc, yc, zc) and its projection in the image plane (u,v)
with the following equations :
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where (u0,v0) are the coordinates of the image center, f the focal length and px, py the size of
the pixel. These parameters are estimated with an appropriate camera calibration technique
such as [9]. For a polygon, the 3D points are typically the vertices of its contour.

In figure 2, an example with a polyhedron is shown where one can observe that the line
segments ab, bc, cd and da, correspond respectively to the projections of the line segments
AB, BC, CD and DA. One can easily generalize this to other polygonal shape.
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Figure 2  : Projection of a Polygonal shape.

The Euclidean length of each segment that composes a polygonal shape, in the 3D camera
coordinate system are obviously the same in any other coordinate systems (invariance).
Therefore we will use this knowledge to recover the 3D position of a polygon. For the
example of figure 2, these lengths are :
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Knowing the intrinsic parameters of the camera (calibration) we can calculate the direction
cosine for each image points (a,b,c,d), projections of (A,B,C,D). The line OA or Oa is the
direction line of the point A in the camera coordinate system and so on for every points of the
polygon. Direction cosines are:
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where α , β  et γ  represents angles between the line OA with the axes of the camera xc , yc

and zc (see figure 3).

Figure 3  : Direction angles.

A point in a polygon, in the 3D coordinate system, can be represented by its homologue, its
direction and length  with the parametric equation :
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or to simplify the notation (see figure 3):
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The Euclidean length of the segment AB of the polygon is:
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This can be rewritten with the parametrical equation as follows:
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By factorization, ( at  and bt ) , we obtain for the segment AB the following equation :
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This equation has the form:
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with K and M always equal to 1. This is the general quadratic equation of a conic. So by
permutation, one can obtain a system of quadratic equations (figure 2) :
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We can simplify the notation with:
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3  CONJUGATE GRADIENT METHOD

In order to get 3D polygon positions in real time, we use the method of the Conjugated
Gradient (CG) to solve the quadratic system because it achieves rapid convergence and needs
modest storage and computational resources.

Figure 4  : Similar triangle for estimate the initial vector.

The CG method is probably the most powerful and reliable method in multidimensional.
Optimization problem without constraint. The function to be minimized is (equations 10 and
11) :
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To initialize the CG algorithm we use the method of similar triangles (see figure 4) and set:
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We limited the number of iterations empirically to 40 and we used two stopping criteria:
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We choose experimentally Hestenes and Stiefel’s version of The CG algorithm [1]. The
algorithm has the following form:
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The minimization of λ  was carried out with a dichotomy line-search algorithm.

4 EXPERIMENTAL RESULTS

The CCD camera model is TMC-6 from Pulnix (USA) with 752x582 pixels (px=8.6µm
py=8.3µm) and the lens is a Computar TV lens 1:1.2 12mm (Japan) while the frame grabber
(with low-level image processing capabilities) was an Optibase (Israël). The intrinsic
parameters of the camera were estimated by a method of camera calibration developed by our
group [9] (viewfinder principle). Edge detection was carried out with the Susan edge detector
[10] and vertices were selected manually (obviously this step could be well improved but this
is not the object of this paper). We tested the algorithm on distances ranging from 2 m to 10
m for a square target of 55 cm/side. Figure 5 shows a comparison of the algorithm results
with distances obtained with a laser system that has an accuracy of +/- 30mm. The graph
shows the expected linear relationship.
Distance
(m)

2 to 4 4 to 6 6 to 8 8 to 10

Error % 0.5% 0.9% 2.3% 4.1%
Table 1 : mean relative errors.
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The mean relative error between the distance to the center of the target obtained with the laser
and the mean distance of the 4 corners (obtained with our algorithm) is presented in Table 1.
One can observe that the error increases with distance mainly due to errors in the computation
of the corner positions in the image plane as the projection of the object gets smaller.

The CG algorithm with the Hestenes and Stiefel's coefficient HSβ  associated to a vector
initialization close to the solution allowed us to converge quickly to the solution in real time (t
< 20 msec., ε = 10-10 with a Pentium II, 500Mhz, Windows NT SP4).

5 CONCLUSION

We have proposed an iterative method of 3D localization of polygonal shapes by
monocular vision from a single image using the parametric equations of the polygonal object.
The method simply needs the size of the polygonal object and the intrinsic parameters of the
camera. The results are very promising with errors that are essentially due to the edge
detection of the polygonal object in the image particularly when the ratio object-
distance/object-size increases and the object projection size decreases. Furthermore, one can
imagine that the use of the length of diagonals and/or angles between segments will add
additional constraints that, although redundant, could improve the results in more difficult
situations (noise, large distances…) One interesting application we are currently working on,
is the 3D real-time localization of road signs from a mobile vehicle with a monocular vision
system
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Figure 5  : Laser vs. Algorithm distances
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