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Pinhole camera model
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Motion decomposition and parameterization

R = Ry o Ry is parametrized by (0, «, 3):

B R

k

Fim £ — (A —B.—C) in (R().R().R(K).
From now on, © = (9 a,B,A, B, C).
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Optical flow approximation

For a unitary focal length

naix+rmniy+ri—

x' = {
f1,3X+f2,3y+f3,3*<Z(X,y) R(k

(

(

n2x+rnoy+rs—

n3x+rsy+rsz—

Under three hypotheses, the more limiting one being a quasi-constant

depth:
xX'—=x\ _(A—asin n -C B x\ |
y'—y) ~ \B+acosh —B —-C) \y
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A differential algorithm

Minimization over © of the quantity Z (ue(x,y) — u(x,y))>.
(x:y)es
ue is linear in (¢, &, a1, a2, g1, G2), where

cg= A-—a«asinf
= B+ «acosf
a; = -C

a = B

g1 = —asinf
g = acosf

We use a classical least-square method using in input an optical flow
computed by Horn-Schunk method.
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Jonchéry's algorithm

Jonchéry’s idea: minimize in mean over © the quantity

DFg ¢(x,y) = g((x,y) + ve(x,y)) — f(x,y) +§

Incremental scheme:
(Ok41,8k+1) = (Ok, &k) + (A, A&y)
Limited development at first order:
DFek+lvfk+1 = rae A = DFekka(Xv}/)""_Vg((Xv}/)+u@k(xaY))'uﬂek(X7Y)+ACk
Computation of (A®y, A&k): minimization of the quantity

2
E , NN

(x,y)eS
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Stopping criterion

The increments oscillate after enough iterations:

Increments de o

0,001

00005

-0.0005

~0.001

40,5780, -0.000710518
N
) .. Aayy — DNayy_
At step N, we stop the iterations if | E Aay] < | N 5 N 1|.
k=N—5
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Experimentations

@ Scenes satisfying the hypotheses
@ Scenes with two depth plans
@ Scenes with a small object in movement

@ Textures

@ Scenes with many depths

Optical flow Warped difference
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Comparison between the two algorithms

@ Running times are equivalent.

Pair of images Jonchéry's algorithm Differential algorithm
baboon 1,01 0,91
vcbox 4,25 1,32
pepsi-complete 0,60 0,65
street 1,30 0,57
fortuny 2,74 4,57
urban 5,56 4,26
homography 2,24 0,99
pluto 9,70 29,04

Table: Running times in seconds

@ However, Jonchéry's algorithm can adress larger motions.

0 a B
Expected any 0 8.73-10 2 0 0 0
Jonchéry 2.06 | 1.55-10 % 8.65 - 10 2 3.60-10 % —6.70-10"° | 7.57-10 3
Differential | 4.12 | 8.021-10"2 | 7.96-10"2 | —7.39-102 4.50 - 102 3.07 - 102

Table: Result of the algorithms for a rotation of 5 degrees
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