Multiple View Geometry: Solution Exercise Sheet 2

Prof. Dr. Daniel Cremers, Julia Bergbauer, TU Munich
http://vision.in.tum.de/teaching/ss2013/mvg2013

Part I: Theory
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where 71, 79, r3 are the row vectorsof R: R= | —ry —
2 2, T _ T 3
2. 7=" x' Mjx=x' Msx forallz € R
& x'Mz—a" Myx=0
<~ HTT(Ml — Mg)l' =0
mi1 Mmi2 Mi3 T mi1 Mi2 M3
<~ ([El ) xg) mo1 MM9o2 M3 o = 0, where M1 - MQ = mo1 MM9o2 M3
m31 M32 MM33 3 m31 M3z M33
< mniﬂ% + mi12x122 + M13T123
+ m22$% + m9o1x1x9 + mo3xroxs
+ mggiﬁg + m31x1r3 + Mm3axoxy =0

2 2 P _
& muxi+moaxs+masxs+(mias+meor)ri1x2+ (Mig+mar) 123+ (mez+maz)rors = 0

= M1 =0A mep=0Am3zg3=0A mpo=—mo; A mz=—m31 A Moz = —mMm32

4

M, — M; € s0(3).



P My —Ms€so3) = Mi—My:=|—-a 0 ¢
b —c O
Let x € R3
0 a —b T
= J:T(Ml —My)x=(z12223) | —a 0 ¢ T9

b —c O T3
= axr1x2 — br1x3 — axoxy + cxsxe + brixs — cxoxs =0

= a'Mjxz=2x"Myz forallzeR?

Another possible solution:
"= T Mz =z Mex forall z € R3
& (w,Myz) = (x, Maz) forall z € R3
& (x,(My — My)z) =0 forallz € R?
= in particular: a) (e;, (M1 — M3)e;) =0 where e; = i-th unit vector
and b) (e; +ej, (M1 — Ms)(e; +¢e;)) =0  where e; = j-th unit vector

mi1 Mmiz2 Mi3
Let (M1 — Mg) = | mo1 Moy Mo3
m31 M3z M33

a) = miizo
b) = OZmii—l—mij—i—mji—f—mjj:m,'j—i-mji = My = —My;

= M — M€ 80(3).

"<":  Weassume: My — My € s0(3) = (M — My)" = —(M; — Ms).
(My — Mo)x,z) = (x, (M — My)x) forall z € R3

T (My — My) "o = 2T (M, — M)z

—x " (My — My)x =" (M; — My)z  (assuming My — M> € s0(3))

—x" Mz + 2" Myx = 2" Mz — 2" Mox

2¢ "Mz = 22T Moz

(O A

"Mz =z Myx forall z € R?



3. We show that: 2 € kernel(A) < z € kernel(AT A).

”=": Let x € ker(A)
= Ar=0 = ATAz=0 = zcker(ATA)

" Letx cker(ATA)and A= [a -+ a, | € R™*"

.
T T T > Ay 4iT;
= 0=A"Ax = : a; - ap | x = : : : — :
—a, — | | alay - ala,) \xn S a) air
i
= aIZaixi:O Ao A a) Y ari=0
i i
& ajTZaia:i:O forall j=1,...,n
7

= a)aj=0 forall j=1,....n = A=0 = Azr=0 = z¢cker(4)
= b) Yazi=0 & Az=0 & =z cker(4)
Another possible solution:
<" Letz € ker(AT A)
= ATAz=0
= 0= (y,0) = (y,ATAz) = (Ay, Az) forall y € R" (and in particular for y = x)
= 0= (Az, Az) = ||Az|? = Ar=0 <& z€ker(A)



