STRUCTURE FROM MOTION

Problem

 Given optical flow or point
correspondences, compute 3-D
motion (translation and rotation)
and depth.




Main Points

» What projection?

e How many points?

* How many frames?

« Single Vs multiple motions.
* Mostly non-linear problem.
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Perspective Projection (displacement)
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Orthographic Projection (optical flow)




Perspective Projection (optical flow)
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Structure from
Motion

Heeger & Jepson sfm method




Three Step Algorithm

» Find Trandlation using search.

» Find Rotation using least squares
fit.

 Find Depth.

Heeger & Jepson stm method
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Heeger & Jepson sfm method
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Q(X,y) = p(XY)A(X Y)V +B(X, y)W

One point (X,y)

Heeger & Jepson sfm method
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Heeger & Jepson sfm method
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Heeger & Jepson stm method
E(V,q) =[Q- C(V)d

!

2
E(V) = HQTCA (\/ )H . Orthogonal complement

Find trandation by search.




C(V) = E(V)U(V) OR decomgc:ition i,
E(V,q) =|Q- C(V)U(V)d|

Upper triangular

E(V,q)=[Q- C(v)d[
ﬂ minimize
G=C'(V)Q

E(V) =[Q- CVITTW)Q[’
E(V) =[(1- COOCT(VNQ[ it seee

E(V)=[Qc V)|




Trandation

Unit vector translation can be represented by
spherical coordinates:

V =(sinq cosf ,sing sinf ,cosq )

0£q£90  Slant
0£f £360  Tilt

Only half of sphere can be considered

Spherical Coordinates
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Rotation

Q(X,y) = pxY)A(X, y)V +B(X, y)W
d'(x,y,V)Q(x,y) =d" (x,y,V)B(x, Y)W

d'(x,y,V) isperpendicular to

Rotation

Find rotation by least squaresfit

d’ (%, Y1, V)Q(Xy,y,) =d" (%, Y1, V) B(X, Y, )W

d' (x,, ¥, V)Q(X,,y,) =d" (X, ¥,,V)B(xX,,y,)W
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Depth

Find depth for each pixel (x,y) from
following egs

u=- (\%+W2)+\§x+vv3y+vley- W, x?

VE (2 W) W2y - Wy + Wy

nthetic Image

e e

11



Optical Flow
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Translation Search Space

T

Novel View Generated from
Reconstructed Depth
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Another Novel View Generated from
Reconstructed Depth
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