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Relative Orientation

Photogrammetric Model: Coplanarity
Equations
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Relative Orientation

* Photogrammetric Model: Coplanarity Equations

— The perspective centers of a stereo-pair, an object point, and
the corresponding image points are coplanar.

= |y — yp — disty,

X; — Xp — disty,
b1 =
—C

P

- indicates Dot Product
1R (B X Ripr) =0 X 1ndicates Cross Product
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Relative Orientation

Computer Vision Model
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Relative Orientation: CV Model
For the Left Image

X -X-
: Y
yi| = LK R [I3 —Xo,] 7
1 1
Xl X
1/11R1C111Kl_1 Yi| +Xo, =|Y
1 Z
For the Right Image e
xr
Vr| = 2, K.R;\[I3 —Xo,] g
1 1
Xr X
1/1 Rg,l-K';l Yr|+Xo, =Y
r 1 7
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Relative Orientation: CV Model

(X[ | Xr
1//1[R'g;K;1 yi|+Xo, =1/, RK:1 |y, |+ Xo,
1] " 1
(X[ | Xr
1/AIR?:K1_1 Yi| = 1/ATR?:~K;1 Yr|+ Xo, — Xo,
1] 1

Assuming that the mapping frame coincides with the left
image coordinate system:

X1 Xr
1/111{, y, 1/ RK:'|\y.|+B
1
Note: Bx B = BB = 0
X1 Xy
~ = .C — D
1/, BK | m| =1/, BRIK; r| + BB
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Relative Orientation: CV Model
* Cross product of a vector with 1tself =0
0 -B, B, R
e BXB=| B, O —-B,|B=BB=0
-B, B, 0
X ] Xr
1/, BK |yi| =1/, BROLK:'|yr|+BB
" 1
U
X] Xr
/2,BK ! [vi| =1/, BRUK: |y
’ 1
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Relative Orientation: CV Model
X X

e 1/ BK Y |\yi| =1/, BRIK: |y,

1 1.

X
« Multiply both sides dot product with the vector K; * |y,
1.

Xl

Yi
1

Xr

Yr
1

T ~
[xl Yi 1]Kl_1 BKl_l

A 1T 5 _
— l/lr[x’ yi 11K;" BR.K;!

U

Al —1T’\ Cl r—1 r
0= /)lr[xl yi 1]K;~ BR_K;

Yr
1
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RO: CV Model — Fundamental Matrix

A T *r
Y 0 yo 1K BROKC! |y =0
A 1
0
/)lri
T ~ Ar
[x; yi 1]K;' BRIK:'|y:|=0
1
U
x‘l‘
[xl Y1 1]F yr|=0
1

F 1s denoted as the Fundamental Matrix

T ~
F=K;" BR'K;*
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RO: CV Model — Essential Matrix

Xr

Yr
1

yl 1T 4 _
l/lr [x; i 1]1K;' BRIK;! =0

Xr

Yr
1

T_.
[x; i 1]1K;' BR]K;? =0

U

Xr

Yr
1

E 1s denoted as the Essential Matrix

_1T _
X1 Y 1]K11 EK;? =0

E=BR]!
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RO: CV Model — Essential Matrix

 The Essential Matrix has nine elements that should
satisfy four constraints.

— Only five degrees of freedom
e Det (£)=0, Rank (E£) =2
« (SVD)E=UY VT

o 0 O
->Y=10 o O
0 0 O

— Det (U) =Det (V) =+1
« EETE —% trace(EET)E = 0
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