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Three View Geometry

• The Trifocal Tensor
Defined for three views
Plays a similar role to the Fundamental matrix
Unlike F, trifocal tensor treats lines in three views
Mixed combination of lines and points are also treated
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• Incidence relations for lines 

Geometry of three views
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Definition of trifocal tensor

Trifocal tensor:

The Trifocal Tensor
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The Trifocal Tensor

• Trifocal Tensor = {T1,T2,T3}

• Depends on image coordinates only, not involving 3D coordinates

• Similar relations exists,                        and 

• General expression is not as simple as

• DOF of T: 3x3x3=27 elements, 26 up to scale
3-view relations: 11x3-15=18 dof

• 8(=26-18) independent algebraic constraints on T
(compare to 1 for F, i.e. rank-2)

[ ] [ ]lTTTllTll ′′′=′′′= 321 ,,T
i

TT ( )lTllTllTl ′′′′′′′′′= 321 ,, TTT

[ ]lTll ′′′=′ i
TT [ ]lTll ′′′=′′ i

TT

T
i

T
ii babaT 44 −=

Three View Geometry 6

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

The Trifocal Tensor

• Homographies induced by a plane
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The Trifocal Tensor

• Line–line–line Relation

• Eliminate scale factor :

(up to scale)
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The Trifocal Tensor

• Point–line–line Relation

l
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The Trifocal Tensor

• Point–line–point Relation
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The Trifocal Tensor

• Point–point–point Relation

lyxyl ′′′′=′ ×     any   ,][TT onis
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The Trifocal Tensor

• Summary of incidence relations
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The Trifocal Tensor

• Non-incidence configuration
Incidence in image does not guarantee incidence in space
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The Trifocal Tensor

• Epipolar lines

If l’ is epipolar line, then the PLL relation holds for any l”,

Similarly if l” is epipolar line,

with points
becomes                              respectively

Epipoles are the intersections of  the left and right null-space of
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Properties of Trifocal Tensor

• Algibric properties of Ti matrices
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Extracting F

• Extracting F

• A  good choice for l” is e” (since e” is perpendicular to the 
right null space of Ti)

21FEpipolar line
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Retrieving camera matrices

• Computing camera matrices, PPP ′′′   ,  ,

ok,   but not
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Tensor notation

• Standard matrix-vector notation can not handle large number 
of indices

• Thus, let us use Tensor notation instead
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Tensor notation

• Collection of numbers, related to coordinate choice, indexed 
by one or more indices

• Valency = (n + m)

• Indices can be any value between 1 and the dimension of 
space (d(n+m) coefficients)
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Tensor notation

• Conventions

Einstein’s summation (once above, once below) :

Index rule:

• Transformation
( Covariant )

( Contravariant )
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More on Tensors

• Kronecker delta

• Levi-Cevita epsilon

• Ex)
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More on Tensors

• Let us denote

• Then 

• Note that in tensor multiplication, the order doesn’t matter

•
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More on Tensors
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Trilinearities

• Trilinearities
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Transfer

• Transfer : epipolar transfer

Trifocal plane

Fails for any X on trifiocal plane
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Transfer

• Transfer : trifocal tensor

Avoid l’=epipolar line 
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Transfer

• Transfer : trifocal tensor
Point transfer

Line transfer

• Degenerate when known lines are corresponding epipolar
lines
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Relation between F and T

• Fundamental matries Trifocal tensor
• F12          P, P’
• Algorithm for P”

• Degeneracy
The second step in this algorithm will fail in the case where the 

point Xi lies in the trifocal plane.
• The trifocal tensor can be determined from three 

fundamental matrices alone iff the three cameras are not 
colinear

?
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