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Camera resectioning is known as the computation of the camera projec-
tion matrix from corresponding 3D space and image entities. Most related
work makes use of the point to point correspondences. Under the circum-
stances, there are two different ways to process the problem. One way is
based on algebraic distance [1]. For example, using Direct Linear Trans-
form(DLT) algorithm gets a solution, then it is used as a start point for a
non-linear minimization of a geometric or statistical cost function to get a
better solution. The other way is based on geometric distance. One of the
recent fashions is the Le-Norm minimization framework [2, 3, 4]. A va-
riety of structure and motion problems can be solved using Second Order
Cone Programming(SOCP) within the framework.

In this paper, there are several ways different from previous work
about camera resectioning. Fisrt, our method is based on line segment
correspondences instead of point ones. Because low-level vision routines
are relatively good at finding the middle parts of lines due to occlusions,
shadows etc., discussing camera resectioning using line segment corre-
spondences have a significant meaning. Second, our solution uses lin-
ear programming(LP) instead of using SOCP utilized by most previous
works. Even though previous work [5] provides a LP method, it is not
rotation-invariant since its residual error is defined by L..-Norm. While
our proposed definition is based on Euclidean distance keeping rotation
invariance.

Given known 3D line segment XX, and its corresponding image line
segment XXy, the projection matrix of camera P should satisfy the con-
straint that if we project the line segment XX, using it, the line segment
XXy we get, where 51%; = PX{,s5% = PX5, should "equal” the given
image line segment X;X,. When noise is present in practice due to occlu-
sion, shadows and so on, the X;%X; should be "nearly equal” to x;x;. To
measure the error associated with a single correspondence, we define the
residue, or distance

d(x1%2,%1%2) = max{Sax, x,z, (P);Sax, %, (P)}; )]

where Spuyw represents the area of the triangle Auvw in the image plane.
The individual functions Say, x,%, for k = 1,2 have following form
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where « is the rearranged vector from the camera projection matrix P
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a = (ai1,a12,a13,a14,a21,a22,G23,024,031,032,033,034) "
di =y1 —y2,dy = xp —x1,d3 = X1y2 —X2)1.

Let us rewrite the formula as a simplified one:
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With the definition of distance between two line segments, we could
formulate this problem. Let X’IX’2 denote a set of 3D line segments and
let X} x}, be the corresponding image line segments for i = 1---m. With
all those correspondences exerting constraints to the projection, obtaining
the best estimate of the P means that the mapped line segments )“(’1)“(’2 are
most closely to the image line segments X X5.
In our context, the words "most closely" means to find the matrix P
that minimizes the following cost function:

and 7 o > 0.
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Figure 1: (a) Projection of an object onto a camera’s image plane (b)
Giving our definition of the residual error between the reprojected line
segment and the observed line segment as the maximum area of the two
different colored triangles

Namely, the problem is called the minimax (L..) optimization problem:
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Finally, the problem is recast as a quasi-convex optimization problem,
which has the following form:
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min Y subject to
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where j = (i,k). The quasiconvex optimization problem could be resolved
using Bisection method via the LP feasibility problems:
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Our conclusion is that based on our proposed definition of the geo-
metric distance between two line segments in a 2D plane, camera resec-
tioning can be recast as a quasi-convex optimization problem, which can
be solved by LP instead of SOCP, which means we simplify the prob-
lem using more complex elements, line segments rather than points. This
paper may probably provide a special view to considering this problem.
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