





ConTINOUS VIDEO REPRESENTATION

Video as a function over
spacetime volume
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LocAL POINT TRACKING




LocAL POINT TRACKING
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ASSUMPTION 1: BRIGHTNESS CONSTANCY

Brightness constancy: 1(X, y,t) = 1(x’,y',t)

e.g., RGB value must be similar.



ASSUMPTION 2: SMALL MoTioN

First order approximation must hold.
X' = X + Uuot

y' = y+ Vot
t'~t+ ot




ASSUMPTION 2: SMALL MoTioN

First order approximation must hold.
X'~ X+ Uuot
y' = y+Vvot
t'~t+ ot

First order Taylor expansion:
(X, y'U') = | (Xx+Uuodt,y +Vvott +ot)
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OPTICAL FLOW

First order approximation must hold.
X'~ X+ Uuot
y' = y+Vvot
t'~t+ ot

First order Taylor expansion:
(X, y'U') = | (Xx+Uuodt,y +Vvott +ot)
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~ (X, y,1)+ a—Iu5t + —Vot +—ot
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Temporal derivatives:




AMBIGUITY FOR SINGLE PIXEL TRACKING

\"
A Any point in the line can be a solution.
/
oo
Intercept: o / P
>
u
# of unknowns: 2
. Slope: _a,a
# of equations: 1 oy ox




LoCAL PATCH TRACKING

Neighboring pixels move similarly.

# of unknowns: 2
# of equations: # of pixels in the local patch
Can be solved via linear least squares.




Temporal derivatives:
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Temporal derivatives:




LocAL PATCH TRACKING
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LoCAL PATCH TRACKING
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x:(ATA)_l ATb

L east squares solution









LoCAL PATCH TRACKING

X

w1

SSD: 3.85

Corr —-0.9?

Why is not perfect?

NCC: 0.923520; SSD: 3.854872



LoCAL PATCH TRACKING

NCC: 0.923520; SSD: 3.854872

. —2.76
(AT A L AT X =
x=(ATA) " A'b {1_27}
First order approximation

| (X+Uuot,y +Vvott+ot)
ol ol

~ | (X, y,t)+ﬂu5t + —Vot+—ot
OX oy ot
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Image is nonlinear function!



LoCAL PATCH TRACKING

NCC: 0.923520; SSD: 3.854872

GO

First order approximation
| (X+Uuot,y +Vvott+ot)

~ | (X, y,t)+ﬂu5t +ﬂv5t +ﬂ5t
OX oy ot

/\\ 1.Linearize

Image is nonlinear function!



LoCAL PATCH TRACKING

NCC: 0.923520; SSD: 3.854872

GO

First order approximation
| (X+Uuot,y +Vvott+ot)

~ | (X, y,t)+ﬂu5t +ﬂv5t +ﬂ5t
OX oy ot

2 Move X < X+(u,v)

/\\ 1.Linearize

Image is nonlinear function!



LoCAL PATCH TRACKING

NCC: 0.923520; SSD: 3.854872

GO

First order approximation
| (X+Uuot,y +Vvott+ot)

~ | (X, y,t)+ﬂu5t +ﬂv5t +ﬂ5t
OX oy ot

2 Move X < X+(u,v)
3.Goto 1

/\ 1.Linearize

Image is nonlinear function!
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