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Structure from Motion



Structure from motion

Xj

M1

M2

M3

Have: 2D points p ij seen in m images

Assume: points generated from n fixed 3D points Xj

and cameras Mi or ▬ ḳ╜░╧▒

‗▬ ╜░╧▒ȟ‗ π

╜░ḳ╚░╡░ȟ◄░

(Remember) 

Known Unknown

Want: Cameras ╜░, 
points ╧▒

Diagram credit: S. Lazebnik
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Is SFM always uniquely solvable?

Source: N. Snavely

ÅNecker cube

http://en.wikipedia.org/wiki/Necker_cube


Structure from motion ambiguities

▬ ḳ╜░╧▒
3x1 3x4 4x1

Letôs first find one easy ambiguity



Zoolander, 2001



Structure from motion ambiguities

▬ ḳ╜░╧▒

Letôs first find one easy ambiguity

Can pick any arbitrary scaling factor k 

and adjust the cameras and points

▬ ḳ╜░Ὧ Ὧ╧▒
(Can usually be fixed in practice: just need a number, 

obtainable from heights of known objects or an IMU)



Structure from motion ambiguity

p1j

p2j

p3j

Xj

M1

M2

M3

Does this diagram change 

meaning if I use this 

coordinate system?
x

y

z0

Versus this coordinate 

system?
z

x

y0

Coordinate system irrelevant!

So global R,t also ambiguous



Structure from motion ambiguities

▬ ḳ╜░╧▒

Not just limited to scale. Given:

Can insert any global transform H

▬ ḳ╜░╧▒ ╜░╗ ╗╧▒

H is a 3D homography / perspective 

transform / projective transform



Similarity/Affine/Perspective

House image: A. Efros

Given:

Perspective

Lines

ὥ ὦ ὧ
Ὠ Ὡ Ὢ
Ὣ Ὤ Ὥ

Affine

+Parallelism

ὥ ὦ ὧ
Ὠ Ὡ Ὢ
π π ρ

Similarity

+Angles

ί╡ ◄
π ρ

3D: same idea, different dimensions



Projective ambiguity

With no constraints on cameras matrices and scene, 

can only reconstruct up to a perspective ambiguity

▬ ḳ╜░╧▒ ╜░╗ ╗╧▒

H

Slide credit: S. Lazebnik



Projective ambiguity

Slide credit: S. Lazebnik



Affine ambiguity

If we have constraints in the form of what lines are 

parallel, can reduce ambiguity to affine ambiguity.

Affine

▬ ḳ╜░╧▒ ╜░╗ ╗╧▒

╗
═ ◄
π ρ

Slide credit: S. Lazebnik



Affine ambiguity

Slide credit: S. Lazebnik



Similarity ambiguity

▬ ḳ╜░╧▒ ╜░╗ ╗╧▒

╗
ί╡ ◄
π ρ

Slide credit: S. Lazebnik

If we have orthogonality constraints, get up to 

similarity transform. Really the best we can do.

We get this if we have calibrated cameras.



Similarity ambiguity

Slide credit: S. Lazebnik



Affine structure from motion

Weôll do the math with affine / weak perspective 

cameras (math is much easier)

Perspective Weak Perspective


