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We define the observation point as the origin: O = (0, 0, 0). We consider an arbitrarily oriented ellipse of center C and of orthonormal axes of normalized directions V x and V y and of respective lengths l x and l y . The normal of the ellipse is

V z = V x × V y such that (V x , V y , V z
) is an orthonormal basis. In this basis, the coordinates of the ellipse center are

x c = C • V x , (1) 
y c = C • V y , (2) 
z c = C • V z .
(3)
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In the plane of the ellipse z = z c , the equation of the ellipse is

x -x c l x 2 + y -y c l y 2 ≤ 1. (4)
3 Spherical Quadric

If (x, y, z) is a point on the sphere, the equation of the spherical quadric is

x zc z -x c l x 2 + y zc z -y c l y 2 ≤ 1, (5) 
which can be rewritten

x y z Q   x y z   = 0, (6) 
with

Q =     z 2 c l 2 x 0 -zc l 2 x x c 0 z 2 c l 2 y -zc l 2 y y c -zc l 2 x x c -zc l 2 y y x 2 c l 2 x + y 2 c l 2 y -1     . (7) 
This quadratic equation defines an elliptic cone and the ellipse is a slice of this cone.

Eigendecomposition

Diagonalizing Q yields

Q = V + 1 V + 2 V -   e + 1 0 0 0 e + 2 0 0 0 e -   V + 1 V + 2 V -T (8) 
where

• V + 1 , V + 2 , V -are the normalized eigenvectors,
• e + 1 , e + 2 , e -are the eigenvalues,

• e + 1 and e + 2 are two positive eigenvalues,

• e -is the single negative eigenvalue.
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• center λ V -(or -λ V -because the quadratic equation is symmetric), and

• main axes of normalized directions (V + 1 , V + 2 ) and respective lengths λ -e - 
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 1 Figure 1: We compute a front-facing ellipse that covers the same solid angle as an arbitrarily oriented ellipse.
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 3 Figure 3: Front-facing ellipse.