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Definice pomoci incidence

\4

Projektivita (projectivity) je takové invertibilni zobrazeni h : P* — P?, Ze
plati, ze tfi body x, x5, x3 lezi na té samé primce tehdy a jen tehdy, pokud
h(Xl), h(Xg), h(Xg) také.

Obvykle pouZivané nazvy: Projektivita (projectivity), kolineace
(collineation), projektivni transformace a homografie (homography).
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Algebraicka definice

@

2D projektivni transformace je linearni transformace 3-dimenzionalnich

homogennich vektorl reprezentovana regularni 3 x 3 matici:

.CE, hll
A y/ — h21
1 h31

Zkrdacené: \x' = Hx.

x
Y
1
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Algebraicka definice

2D projektivni transformace je linearni transformace 3-dimenzionalnich
homogennich vektorl reprezentovana regularni 3 x 3 matici:

x’ hi1 hiz his X
A Y | = | har hoa has Y
] 1_ _h31 h3o h33_ _1_

Zkrdacené: \x' = Hx.

Pro¢ \7?
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Zobrazeni z roviny do roviny, stfredova projekce

A
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'nadrtek z [1]
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homografie kolem nas
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image 1 w
| N

Mar surface \ _
Image 2
zobrazeni roviny ve scéné

kamera rotujici okolo svého stredu

Nacrtky z [1]


http://cmp.felk.cvut.cz

Problém odhadu transformace
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Jaka transformace vaze obrazy?
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Odhad H z korespondujicich bodu x!, x;
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Ax’ = Hx

¢ Kolik stupni volnosti problém ma? Jinak receno, kolik je nezndmych?

¢ Kolik part korespondenci tedy minimalné potrebujeme?
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Obrazové souradnice, co s \?
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Obrazové souradnice, co s \?
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I )\CB’ | I h11 h12 h13 11 X | I hir |
Ny | = | hai hoo hos y | = h; X
A h31 h32 h33 1 h:;r

P¥ipomefime, e mé&fime v (2,7)' a jako vysledek tedy obdobné&: (2/,v) .
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Pfipomenme, ze méfime v (x,y

Tedy:

Obrazové souradnice, co s \?

/

hio
hao
h3o

—
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)" a jako vysledek tedy obdobné&: (2/,7/)".

Az’ - hi1x + h12y + hi3 - hIX

A hsiz+hsypy+hsy hix

>\_y’_ horx + hooy + hogz h, x
A hglai' + h32y+ h33 hg—X
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Obrazové souradnice, co s \?

i Ax! | i hi1 hiz his 11 X |
ANy | = | hor haa hag Y
] A | ] hs1 hs2 hss 11
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P¥ipomefime, e mé&fime v (2,7)' a jako vysledek tedy obdobné&: (2/,v) .

Tedy:

;A2 hnx+ higy + has
A ha1x+ haay + hss
,:)\_?/_h2133+h22y+h23

X

h/x

=
h3X

i
~ hyx

!y A hg1x+ hgay + has

— T
h3x

¢ Kolik stupnil volnosti problém ma? Jinak feCeno, kolik je neznamych?

¢ Kolik part korespondenci tedy minimalné potrebujeme?
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Sestaveni rovnic
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,:h11x+h12y+h13 y,:h21x+h22y+h23
hs1 @ + h3oy + h3s hs1 @ + h32y + hss

X

/bavime se zlomku . ..

2 (hs1 @+ hsoy + hsz) = hi1ax+ hisy+ his
y'(ha1x + haay + h3s) = hor @+ hooyy + has

Rovnice jsou linedrni vzhledem k h;;.
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Sestaveni rovnic
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,:h11x+h12y+h13 y,:h21x+h22y+h23
hs1 @ + h3oy + h3s hs1 @ + h32y + hss

X

/bavime se zlomku . ..

2 (hs1 @+ hsoy + hsz) = hi1ax+ hisy+ his
y'(ha1x + haay + h3s) = hor @+ hooyy + has

Rovnice jsou linedrni vzhledem k h;;.

¢ Kolik stupni volnosti problém ma? Jinak receno, kolik je nezndmych?

¢ Kolik part korespondenci tedy minimalné potrebujeme?
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Sestaveni rovnic |l
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2 (hs1 @+ hsoy + hsz) = hirax+ hisy+ his
y'(ha1x + haay + h3s) = hor @+ hooy + has

Sestavime homogenni rovnice

2’ (hs1x + haoy + hsz) — (hi1x + hisy +hiz) = 0
y/(h?)l T+ h3ay + h33) — (h21 x + hooy + h23) = 0



http://cmp.felk.cvut.cz

Sestaveni rovnic |l
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2 (hs1 @+ hsoy + hsz) = hirax+ hisy+ his
y'(ha1x + haay + h3s) = hor @+ hooy + has

Sestavime homogenni rovnice

2 (hs1 @+ hgay + hs3) — (h11x + hioy +hiz) = 0
Yy (hs1 @+ h3oy + haz) — (ha1x + hoay + hag) = 0

¢ Kolik stupni volnosti problém ma? Jinak receno, kolik je nezndmych?

¢ Kolik part korespondenci tedy minimalné potrebujeme?
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Soustava rovnic
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Pro kazdy korespondujici par (z;,v;)' < (2/,y}) " plati

2’ (hs1 @+ haoy + hsz) — (hi1x + hisy+hiz) = 0
y/(h31 T + h3ay + h33) — (h21 x + hooy + hzg) = 0
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Soustava rovnic

Pro kazdy korespondujici par (z;,v;)' < (2/,y!) " plati

:C’(h31 T + h32 Y + hgg) — (hll x -+ h12 y + h13) _
y'(hs1 @+ haay + hs) — (ha1 @ + haoy + hos) =

-1 0 0 0 2a 2y 2 ]| b
0 0 -z -y -1 vz Yy o his

—1y2 —1 0 0 0 ;U/QQEQ $’2y2 513/2 hot
0 0 =z — Y2 —1 yéxQ yéyZ yé hoo
: : : : : : : : has
U 0 —X2 —Y2 —1 y’;’L:Cn y;lyn y; h32

o O O O
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Soustava rovnic v maticich
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hi1 o
—x1 —y1 —1 0 0 0 iz iy o) h1s 0
0 0 0 —x —yi —1 yiz1 viyn ¥ h13 0
—2T9 —vy2 —1 0 0 0 zhxy xzoys o4 hot 0
0 0 —x2 —y2 —1 wypwo Yoy2 U hao | = | 0
: : : : : : : : hos :
—y, —1 0 0 0 2 x, 2y, x, haq 0
0 0 —x2 —y2 —1 yTn YpUn Yn hi32 0
~~ od h - -
G sl TP
N ——’

Cianxoihox1] = Opnx1)
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Analyza soustavy
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Cranxoilox1] = Op2px1)
® Musime néjak omezit mnozinu moznych reseni?

¢ Kdy ma soustava pravé jedno reseni?

¢ Co v pripadé Sumu v souradnicich korepondujicich bodi?
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Normalizace souradnic — motivace
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1 —y; —1 0 0 0 iz iy o) ]
0 0 0 —z —yi -1 Yiz1 Vi1 vl
—x9 —vys —1 0 0 0 zhze xoys w46

|
o

0 0 0 —x9 —yo —1 whaxo yhys v, | h

—Zn —Yn —1 0 0 0 2 x, X yn x
0 0 0 —-z9 —y -1 ¥z, Y yn ¥

S~ S~

Reknéme Ze mefime typicky bod v pixelovych soufadnicich s uritou
presnosti (rozptylem) x = [350,240,1]" £ [5,5,0]". Vidime, Ze $um v
mereni ovliviuje prvky datové matice velmi nerovhomérne.

Tato nerovnomérnost ma v praxi pro LSQ algoritmus znicujici disledky.
ReSenim je pouzivat vzdy normalizaci souradnic [2, 1].
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Normalizace souradnic — algoritmus
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Prepokladejmem ze zndme vhodné transformace x = Tx a x’ = T'x/, které

transformuji souradnice bodi tak, aby datova matice byla méné ovlivnéna
sSumem v méreni.

Vypocéteme A jako feSeni soustavy rovnic x’ = Ax.
Dosadime do této rovnice transformaéni vzorce, T'x’ = ATx.
Upravime x’ = T/ 'ATx.

Srovname s pivodni rovnici (soustavou) x’ = Ax a vidimé, Ze hledana
matice se vypoc&te jako A = T/~ !AT.
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Normalizace souradnic — srovnani

Scene: random2D; Projection to the camera, units are pixels Scene: random2D; Projection to the camera, units are pixels
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Vidime, ze bez normalizace metoda selhava jiz pri relativné malém Sumu.
Naopak normalizace se v praxi osvédcila i pro tézka data.
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Normalizace sourfadnic — jak normalizovat?
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Teoretické detaily Ize nalézt v [2, 1], implementace pointnorm.m v [4]
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e o ® T E T o
@® © ® © @ i ++ + + *+ +
® ® 1.5 N .
801 ® @ + +
C) @ ® @ ® GSD@ 1F+ -_ﬁ-_ N + ++ +++ i,
© o e +
% o ® © 0o o & 0.5F + T + + + B
60 © ® - L
@® d ® ® 659 0 + 4+ + * + + _:_
® ® @ + O+
4059 @@ ® @ @% 1 0 57_+_ ++ + n -+
@ ® g . ++ + 4
@ ©) ©) + + +
o9 ° ® 1 ++ n T+ 4
20/® ® Clo) ® @ ® ®®@ ® + + +4 4 n +
~15 +
0 @ @ % D@ 5 + + + 4
0 20 40 60 80 100 -2 -1 0 1 2

Pouzitd transformace?:
1. Stfed souradnic je posunut tak, aby tezisté bylo v pocatku.

2. Mé&¥Fitko zménéno tak, aby primérna vzdalenost od pocatku byla v/2

’Dal$i varianty moznych transformaci byly studovéany, napt. [3], vysledky se viak vyraznéji nelisi.
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Vysvétleni transformace a odvozeni LSQ Feseni bylo inspirovano knihou [1]
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Scene: random2D; Projection to the camera, units are pixels
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Scene: random2D; Projection to the camera, units are pixels
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normalized points
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