JPEG Quantization Table (Luma)

é6 11 10 16 24 40 51 510
2 12 14 19 26 58 60 553
4 13 16 24 40 57 69 560
4 17 22 29 51 87 80 62
8 22 37 56 68 109 103 77U
©4 35 55 64 81 104 113 92(
49 64 78 87 103 121 120 1018

g2 92 95 98 112 100 103 99y

JPEG Quantization Table
(Chroma)
Q7 18 24 47 9 99 99 99y
218 21 26 66 9 9 9 9
&4 26 56 99 99 99 99 990
A7 66 99 99 99 99 99 997
€9 99 99 99 99 99 99 99U
599 99 99 99 9 9 99 99
299 9 99 99 99 99 9 995J
899 99 99 99 99 99 99 99
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STRUCTURE FROM MOTION




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.




Orthographic Projection (displacement)
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Perspective Projection (displacement)
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Orthographic Projection (optical flow)
U=x=V +WZ- Wy
V=y=\, K- WZ

Perspective Projection (optical flow)
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Perspective Projection (optical flow)

U= FEE W) - Zxe Wy Ty T

V= f (2 W)+ Wx- 2y xy- Ty
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Pure Trangation (FOE)

y® = fV, - VX
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Pure Trandation (FOE)
y® = fV, - V;X
Z
v = sz - V3y
Z
m =™ _
u Z If V3=0
fv,

v =
Z

Pure Trandation (FOE)

» If V3isnot zero, theflow field isradial,
and all vectors point towards (or away
from) asingle point. If VV3=0, the flow field
isparallédl.

» Thelength of flow vectorsisinversely
proportional to the depth, if V3isnot zero,
then it is also proportional to the distance
between p and pO.




Pure Trandation (FOE)

» PO isthe vanishing point of the direction of
tranglation.

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

ORTHOGRAPHIC PROJECTION

Orthographic Projection (displacement)

Kb KXo el -a buXy éha
— u-r_e u,eru
T I
€% &0 &b g 1HZH Ef
X¢=x-ay+bZ+T,
y¢=ax+y- &Z+T,




Simple Method

* Two Steps Method

-Assume depth isknown, compute
motion
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Simple Method

-Assume motion isknown, refine depth
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Structure from
Motion

Heeger & Jepson sfm method

Three Step Algorithm

 Find Trandation using search.

 Find Rotation using least squares
fit.

 Find Depth.
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Heeger & Jepson sfm method

u:_(\%+W2)+\%x+V\/3y+V\llxy- W, x?
V V

V=- (32- W) - W3X+§y- W,xy +W,y?

ev,u W,
axy)i_ 1 &1 0 xig'g &y -(@+X) vyl
ol ZoonBo -1 W By oy -

Heeger & Jepson stm method

aux,yyu_ 1 é¢1 0 X@V &y - (1+x%) yu
Stz 8o -1y TRy iy - oW
ev(x,y)u z(x,y) é YU +y Xy - X{

| 8
Q(X,y) = pX.Y)A(X, y)V +B(X, y)W

One point (X,y)
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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
E(V,q) =[Q- C(V)d

!

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

to C(V)
Find trandation by search.

C(V) = E(V)U(V) QR decom(;))ot:tion i,
E(V,0) =[Q- COVUV)d|

Upper triangular

E(V,a)=]Q- v
ﬂ minimize
G=C"(V)Q
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E(V) =[Q- cv)icTW)Q’
E(V) =[(1 - COOCT(VNQ[ it sece

E(V)=[Q'c’ 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
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Spherical Coordinates

Z

Rotation

Q(X,Y) = p(xy)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,y)V
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Rotation

Find rotation by |least squaresfit

d' (%, y,V)Q(x,,y,) =d" (%, y,,V)B(x, y;)W

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

Depth
Find depth for each pixel (x,y) from
following egs
u=- (\%+W2) +\§x+V\/3y+V\/1xy- W, x>

V= (2 W) W2y - Wy + Wy
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Computed Depth Map

Synthetic Image
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Optical Flow
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Tranglation Search Space
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Novel View Generated from
Reconstructed Depth

Another Novel View Generated from
Reconstructed Depth
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