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Gaussian elimination

Solving very large linear systems is central to applied mathematics.



Grobner bases

This is very hard for large systems, but . . .
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3D reconstruction



Reconstruct 3D scenes and camera poses from 2D images

Rome in a Day. S: Agarwal, Y. Furukawa, N. Snavely, |- Simon, S Seitz, R Szeliski



3D reconstruction pipeline

Input: Output:
2D images 3D scene & cameras



3D reconstruction pipeline

Input: Image Output:
2D images matching 3D scene & cameras

|dentify common
points and lines
on given Images



Algebraic
reconstruction



Algebraic
reconstruction

nonlinear inverse problem



RANSAC (RANdom SAmple Consensus)
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few outliers!



RANSAC (RANdom SAmple Consensus)
1)

A N

)
)
)

2)



RANSAC (RANdom SAmple Consensus)
1)

A N

)
)
)

2)



— these are called minimal problems in computer vision—



— these are called minimal problems in computer vision—

— known as the degree of the minimal problem















point on line  point on line
point on line  point on line



Miraldo et al ECCV 2018






Mobile User





TRPLP — Trifocal
Relative Pose from
Lines at Points,
Fabbri et. al.,
CVPR 2020







Algebraic geometry

Grobner bases

Homotopy continuation & monodromy



joint camera map



joint camera map



proof idea

Fact 1 from algebraic geometry:
Ifa 3D reconstruction problem is minimal, then its joint camera map

O Cr X Sy
satisfies dimC,, I dim.t — mdim ).



proof idea

Fact 1 from algebraic geometry:
Ifa 3D reconstruction problem is minimal, then its joint camera map

O Cr X Sy
satisfies dimC,, I dim.t — mdim ).

‘There are exactly 39 reconstruction problems satistying this dimension count:



dominant



dominant

surjective dominant
almost



dominant

surjective dominant
almost



dominant

surjective dominant
almost

Can check this computationally! It is only linear algebra!



Grobner bases
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Xl - Xl



Xl - Xl



Xl - Xl



Xl - Xl



Xl - Xl



Xl - Xl



Xl - Xl



Xl - Xl









uncalibrated
pinhole camera



uncalibrated
pinhole camera



Uncalibrated minimal problems

Theorem (K. Kiehn, A. Ahlback, K. Kohn; ICCV 2025):
For uncalibrated cameras, all minimal problems involving points and lines are:
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Table 7: Minimal problems with their associated degree.
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Table 8: Minimal problems with their associated degree.
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Table 9: Minimal problems with their associated degree.
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Table 10: Minimal problems with their associated degree.
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