
1

Structure Computation 1

2008-1

Multi View Geometry (Spring '08)

Prof. Kyoung Mu Lee
SoEECS, Seoul National University

Structure Computation

Structure Computation 2

Multi View Geometry (Spring '08) K. M. Lee, EECS, SNU

Given (P, P’, x, x’), how to find X?

Measurement noise

Rays do not intersect

Measured points do not lie on corresponding epipolar lines

Point reconstruction

PXx = XPx ′=′
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Which 3D point to select?

• Mid-point of common perpendicular to the rays
Meaningless under projective distortion

• Weighted point on common perpendicular, weighted by 
distance from camera center

Distance is also undefined concept

• Some algebraic distance
Minimizes nothing meaningful
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Linear triangulation method

• Given equations

• Solve for X
• Homogeneous method (DLT)                         invariance
• Inhomogeneous method
• No physical meaning, not optimal

XPx ′=′PXx =

⇒=× 0PXx
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Minimizing Geometric error

• Find X that minimizes difference between projected and 
measured points

• Cost function:

• MLE using LM ( for 2 or more points)
• Sampson error (1st order approximation)
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Minimizing Geometric error

• Reformulation of the minimizaton problem

• l and l‘ range over all choices of corresponding epipolar lines
• is the closest point on the line l (l‘) to 
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Minimizing Geometric error

• Minimization method:

(i) Parameterize the pencil of epipolar lines in the first image 
by a parameter t. Epipolar line is l(t).

(ii) Using the fundamental matrix F, compute the corresponding 
epipolar line l’(t) in the second image.

(iii) Express the distance function                                   explicitly 
as a function of t.

(iv) Find the value of t that minimizes this function

• Provides optimal solution

22 ))(())(( tdtd l,xlx, ′′+
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Minimizing Method

• Assume points x and x’ are at the origin (0,0,1)T, and the 
epipoles are (1,0,f)T and (1,0,f’)T

• Then
• The epipolar lines of function t

• The total squared distance and the derivative

• 6 real roots

=)(l t

⇒=′ 0)(ts
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Minimizing Method
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Minimizing Method

• Local minima
Cost function may have local minima

a) Three minima                                          b) Two minima 
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Uncertainty of reconstruction

• Reconstruction error comparison of 
triangulation methods

• Uncertainty of reconstruction
The shape of uncertainty depends on 
the angle between the rays
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Line reconstruction

• The planes defined by the lines are 

• Degeneracy
Lines intersect the camera baseline can be poorly localized in a
reconstruction. 

lPπlPπ ′′=′= TT  and  
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Computing vanishing points

• Estimation of vanishing point
Line intersection problem
Minimize the distances from the 
endpoints of measured imaged parallel 
line segments
Maximum likelihood estimate (MLE)
Levenberg-Marquardt algorithm (LM)
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Dense Structure recovery

• Mesh surface modeling
• Dense stereo matching

)(      , 21 xxd
d
BfZ −== disparity the where
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Dense Structure recovery

image I(x,y) image I´(x´,y´)Disparity map d(x,y)

(x´,y´)=(x+d(x,y),y)
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