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Intrinsic dimension in 3D

iOD: constant in all directions: f(x y,t)=const

i1D: constant in 2 directions: f(xy,t)=09()

i2D: constant in one direction: ‘ f(xyt)= g(f,éﬁ

i3D: no constant direction:

f(X, y!t) = g(é g! T)

Intrinsic dimension

i2D and i3D regions are the least frequent but
most significant.
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The classical motion model
f(x,y,t) image-sequence intensity

v = (v;,v,)T motion vector

o(V)f :vlaif +v2%f +§f =V-Vf=0
X

r=(v,v,1)

Why complex motions?

X7V image Xt image )
Basic problems with natural image sequences:
multiple motions, occlusions, noisy data,
features at different scales, ...



Transparent motions

N

i s

Movie (top) and xt plot (below).

Motion model for transparent motions

Optical flow for one motion
f(x,y,t) image sequence, v = (v,,v,)T motion vector

o(V)f :vlif +v2%f +§f =V.-Vf=0

with the derivative operator: (V) =V, —+V, —

o 0
+_
ox oy at

Optical flow for N motions: f = g;(x-v,t)+...+gy(X-V\t)

o(vy)ou(v,)...a(v)f =0




Mixed-motion parameters

Example for two motions u, v : f(x,t)=g,(X-v t)+g,(X-u t)

a(V)a(u)f =uyv, f

17 xx

+U,v, f
+ (ulVZ + u2vl) 1:xy

+ (ul +V1) fxt + (uz +V2) fyt + ftt
We define the mixed-motion parameters as:

C, = ViU, C, =VoU,  C,, =UV,+U,V,
Cu =U +V, C,=U,+V, c, =1

Solving for the mixed-motion
parameters

With the mixed-motion parameters we obtain:

f For one motion
Xy’ Xy we had

a(V)a(uf =cf, +c, f +c

+c.f.. + cytfyt +c,f,
=V-L=0

V-Vf =0

The above constraint can be used in a number of
ways to derive the mixed motion parameters in V
from f, e.g. by defining the generalized structure
tensor

=
‘]NV =0| and solving the system IN =h=*LL

€9 V| OC(Mim7_Mi(m—1)""’(_1)m Mil) My, i=1...m

are the minors of Jy



Separation of the mixed-motion
parameters

We interpret the motion vectors u and v as complex
numbers

(v=v,+iv,,u=u,+iu,) and observe that
uv=A,=c, —C, +IC,
U+v=A =C,+ic,

A, and A, are homogeneous symmetrical functions
of the coordinates u and v and therefore by Vieta's
rule the coefficient of the complex polynomial

that has the complex
roots u and v.

Q) =zZ-u@z-Vv)=2"-Az+A,

In case of N motions ‘Q(z) _N _AN_lzN—1+_..+(_1)NAO‘

Fourier analysis of multiple transparent motions

gx;inuous f(X,t) :gl(x_tu) +gz(x—tv)
< a(u)a(v)f =0

<SF=G,0(U-0o+w,)+G,0(V-0o+w,)

Discrete f, (X) =g, (X—kAtu) + g, (X —KAtv)
T SR0)=66,0) +#6,0)

a K
u)=u-V +— = Ju-o
OL( ) ot (1)1 €



Block-matching for transparent motions

F(w)= (I)Il(Gl((D) + (I);Gz(ﬁ))
F,(w)-a,F (o) +a,F () =0
a = (I)l +¢2 a, :¢1¢2

Block-matching constraint

Back to space domain

f,(xX)-f,(x-u)-f,(x=Vv)+f,(x-u-v)=0

Synthetic results for block-matching

SNR : 35dB

Block size : 5 x 5 pixels




Fourier analysis of multiple occluded motions

F(x,1) = (X~ tu)g, (X —tu) + 7 (x ~tu)g, (x —tv)

g, (X) occluding object
9,(X) occluded object

% characteristic function of the occluding object

r=1-y

How does the Fourier transform of f(X,t) deviate from the two
motion planes?

a(UW)a(v)f(x,t)?

Occluded motion

a(Wa (V)T (x,1)=q(x,u,v,t)d(B(x—tu))
qx,u,v,t) =—(u—-v)-N(X—tu) (u-v)-vg,(x—-tv

| —

B Foreground motion

Il Background motion

B Normal N to the border
B(x)=0

The equation is the same as for transparent
motions except at the occluding boundary.

q (X, u,v, t) is maximal if U - V is orthogonal to the boundary
is null if U - V is tangent to the boundary




Occluded motion in the Fourier domain

Flo o) =A(@)d(Uu- o+a)+B(@)d(v- o+a)+Clo o)
Clo o) <d/(v-0+a) alongtheplane u-o+a =¢

The distortion C has hyperbolic decay

Log(1+F)

Log(1+F)

The hyperbolic decay of C has been first recognized by Beauchemin at al. for the particular case of
straight line boundary
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