L ecture-19

Structure from Motion

Program-3 (Due Tuesday April 24,
4PM)

* Implement Lucas-Kanade optical flow method
using pyramids.

— You will need to implement the following pieces:
» Simple Lucas-Kanade without pyramids
» Gaussian pyramids
* Interpolation of optical flow in order to propagate optical flow
from higher level of pyramid to lower level of pyramid
— You will be given two images, your program should
compute

» Optical flow without pyramids and displays the flow vectors
on the screen. You will have to sample (e.g. show flow vector
at every fourth pixel) and scale the flow vectorsto show on
the screen. Otherwise there will be too many vectors, you
won't be able to see them.

» Optical flow with pyramids and displays the flow vectors on
the screen.




Problem

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

Main Points

» What projection?

e How many points?

e How many frames?

» Single Vs multiple motions.
* Mostly non-linear problem.




Displacement Model

Point Correspondences

3-D Rigid Motion (displacement)
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X¢=X-aY+bZ+T,
Y¢=aX +Y- gZ+T,
ZC=-pbX-gY+7Z+T,




Orthographic Projection
(displacement model)
X¢=X-aY+bZ+T,

Yt=aX +Y- @Z+T,
ZC=-bX-gr+Z+T,

x¢=x-ay+bZ +T,
yb=ax+y- gZ +T,

Perspective Projection (displacement)
X¢=X-aY+bZ+T,
Ye=aX +Y- gZ+T,
ZC=-bX-gY+Z+T,
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| nstantaneous V el ocity Model

Optical Flow

3-D Rigid Motion
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3-D Rigid Motion

X =W,Z - WY +V,

Y:W3X-W12+V2 exu
Z = WY - W,X +V, &
an,
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Orthographic Projection

X =W,Z - W,Y +V,
Y =W, X - W,Z +V, y=y
Z:WlY-W2X +V3 X=X

U=x=W,Z- W,y+V,

V=y=W,x- W,Z +V, (u,v) isoptical flow




Perspective Projection (arbitrary flow)
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X =W,Z - W,Y +V,
Y =W, X - W,Z +V,

Z=WY - W,X +V,
u—f(%+W) = x- W,y- %XerV}/z 2
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Perspective Projection (optical flow)
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Pure Translation (FOE)
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Pure Trand ation (FOE)
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Pure Trandation (FOE)

» If V3isnot zero, the flow field isradidl,
and all vectors point towards (or away
from) asingle point. If v,=0, the flow field is
parallel.

» Thelength of flow vectorsisinversely
proportional to the depth, if v, is not zero,
then it is also proportional to the distance
between p and p,.

Pure Trandation (FOE)

* Py isthe vanishing point of the direction of
translation.

* pyistheintersection of theray parallel to
the translation vector with the image plane.
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Structure From Motion

ORTHOGRAPHIC PROJECTION
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Orthographic Projection (displacement)
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Simple Method

* Two Steps Method

-Assume depth is known, compute
motion
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Simple Method

-Assume motion isknown, refine depth
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Structure from
Motion

Heeger & Jepson sfm method
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Three Step Algorithm

» Find Trandlation using search.

» Find Rotation using least squares
fit.

 Find Depth.

Heeger & Jepson stm method

u=- (\%+W2)+\§x+vv3y+vley- W, x?
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Heeger & Jepson sfm method

axyu_ 1 é1 0 xuV - (1+x%) qu
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i
Q(X,y) = p(XY)A(X Y)V +B(X, y)W

One point (X,y)

Heeger & Jepson sfm method

Q(X,Y) = PX.Y)A(X, y)V +B(X, y)W
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Heeger & Jepson sfm method

eQ(x, YU A Y)V ... 0 B(x,yi)vep(x,y,)u
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Heeger & Jepson stm method
E(V,q) =[Q- C(V)q|’

!

E(V) = HQTCA (\/)H2 C" (V) Orthogonal complement

to Cc(V)
Find trandation by search.




C(V) = E(V)U(V) OR decomgc;:’tion N
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)|
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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

Z
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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 A(X Yy)V

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
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Optical Flow
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Synthetic Image

ical 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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