Assignment 6

6.1 Warping and SOR

a. If we rearrange the two equations, we get

aAuf — JE = JEdu® + JEdot — aAdu®
alvt — JE = Jhdut + JEdvF — aAdo®

k.
0 = [Jll]ljdu —|—[J12]”dv + J13 O‘ZZ

uf—ufj
ey
0 = [Jlg]ZJdu +[']22]2]dv + J23 O‘ZZ

_az :z : ,] »J
2
hl

where the double-summation has the following arguments (they are
omitted due to limited space):

2. 2

1€,y (1,5)eNI(i,)

k

From this we have to go to an equation system of the form Ax = b.
Let’s define the following;:

du®
du®
du®
do®
dv®
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Jh Ity
Ih Ity
JE JE
A = 11 12
It T,
It I,
Ity I,
1 -1
-1 2 -1
-1 1
+a 1 _1
-1 2 -1
-1 1

1)

b. The structure of the double-summation is slightly changed here, since
one sometimes needs N;” (newly computed) and ;" (old ones). First,
we compute the GauB-Seidel method. After that, the step to SOR is

very easy.
ug iU k k m.k duf dufs*
. ay >y = R7 — [U15)i,i — [J12}iyjd”i,j’ - O‘ZZNL* h12 - aZZNﬁ h;2
~ ALk
duT
I [Juilig +a X3 52
l
vk ok +1.k dv.mj'l‘lC dv.m.’k
i,7 5 c M i,J i,J
ay Y ]hz - [Jés}i,j - [J{EZ]i’jd“i,j - O‘ZZN* 11]2 - aZEN* hzj
domFbE ! ! ! ! !
Z"] [J22)i,5 +QZZ%

where m is the iteration step and k the warping level.

~ m+1,k . .
Remark: In the formula for alvi;r appears du, ; with m + 1, k. This
is due to the fact that du is already computed, assuming the ordering

du — dv for the computation.
Let’s state the SOR step:

m+1k m,k > m+1,k
du;’; = (1 —w)du;;" + wdu, ;

1.k k ~ m+1,k
do T = (1= w)dv]" + wdv,

6.2 Photometric Invariants and Robustification

a. Let’s first give an overview over the different properties where the fol-
lowing assumptions are considered:
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U global multiplicative illumination changes
O shadow and shading (local multiplicative changes)

O highlights and specular reflections (local additive / local multi-
plicative changes)

0O 0 O
O O O
p, O O O
ps O O O
pa O O O
ps O O O
e O O O

For the decision, what classes do apply, we consider Lecture 5, slide 21.
1.
m = R—3B+G
= e (mi(x)wi + mb(X)fA{b(X)> —3e (mi(x)wi + mb(X)Bb(X)>
+e (mi(x)wi + mb(x)é’b(x>

= e (=miwi + mu(x) (Ry() = 3By(x) + Gy(x)))

2. Here we have an invariance under local additive changes only.
pp = R*+B>-2BR=(R- B)?
= Je (miews + my) Ra(x) — miox)us — mp(x)By(x)) |

= [emb(X)(éb(X) - Bb(x))
= e2my(x)*(Ry(x) — By(x))?

2
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3.
 R-B
s = Ria
e (mi(x)wl + my(x) Rp(x) — my(x)w; — mb(x)Bb(x)>
e (mi(x)wl + mp(x) Ry(x) + m; (x)w; + mb(X)Gb(x)>
B n%@)Qa@)—Bdg)
2m; (x)w; + my(x) <J§’b(x) + Eb(x))
= gb(x> — ?b(x> if m;(x) = 0.
b(X) + By(x)
4.
BG+ RG B+ R
Py = 2

B2—R2 B-R
G(BB+R)  B+R _ 2G-B-R
(B-R)(B+R) B—-R  B-R

WM@@@&%JM@—&@D
m@ﬁ&@-&@»

2G,(x) — By(x) — Ry(x)
By(x) — Ry(x)

5. Let’s consider the following fact

In(_ ¢ B),=(Jlnc +InB), = (InB),

factor constant

ps = (InB),+ (InR),
1 1

" Jelmatws (0 Ba0)] [elms 0w+ o) )|

x x

6. Invariant under global additive only.

p¢ = InB,+InR,=In(B,-R,)
= In [(e(mi(x)wi + mb(X)Bb(X))> . <e(mi(x)wi + mb(x)éb(x))> ]

x T
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b. We consider here
U(s?) =Vs2+e2  withe=10""
Let’s give the joint robustification
6
Ejoint(u> 'U) = / v (Z (pl(z + u,y + v, i+ 1) - pl(x> Y, t))2>
{ i=1

+a (|Vul* + [Vo]?) dzdy

c. Joint robustification was given in part b.. Separate robustification is
given by

Eoep(u,v) = /Qilll((pi(wu,yw,tﬂ)—pi(w,t)f)

+a (|[Vul* + [Vo]?) dady

The Euler-Lagrange equations that have to be satisfied are

0 0

- F -~ F __F
0 0

= F,—=—F, ——F,

0 or ° Oy 7

e joint robustification:

F o= ‘I’(Z(pi(:c+u,y+v,t+1>—pi<x’y’t)>2)

=1
+a (|Vul]® + [Vv]?)
Fo— 2-0(.)
6

=1
D (T +u,y+ov,t+1)
F, = 2-0(.)
6
=1

F,, = 2au,
F., = 2au,
F,, = 2av,
F,, 20y
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The Euler-Lagrange equations now read as (divided by 2):
6
0 = W(. )(Z(pl(x +u,y+v,t+1)—pi(z,y,t)pi, (x+u,y+ov,t+ 1)) — alu

[§
0 = W)X Wiletuytott1)—piley. O, @+ uy+o.t+1) - adv

e separate robustification:

i=1

6
+a (|Vul]* + [Vo]?)
F, = 2 Z\If (P +uy ot +1) = pie,y,t))

pi(T+u,y+ov,t+1)

E, = 2. Z‘I’ “(pilz +u,y+ v, t+1) — pi(z,y,1))
i, (T +u,y+u,t+1)
F,, = 2au,
F., = 2au,
F,, = 2av,
F,, = 2av,

The Euler-Lagrange equations read as (again divided by 2):
6
0 = Z( Dpi(z+u,y+v,t+1) —pi(z,y,t) -pi(x +u,y+ vt + 1)) — alu

.
=

6
0 = Z( Dpi(r +uy+o,t+1) - pi(x,yvt))~piy(x+u,y+v7t+1)>—OlAv

.
=
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