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[epLexopeva evoTnTaC

e [MpoPoAikn yewpetpla (Epipolar Geometry)
» The Essential Matrix

> The Fundamental Matrix

» Extipnon 6€oncg



ErtutoAlkn yewpEeTpla

MNnyA: Lectures on Computer Vision by Khurram Hassan Shafi
Computer Vision Lab @ University of California (USF), Spring
2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/

e Epipolar Plane - OPO

e Epipoles — e, €’

e Epipolar Lines —
pe & p’'e’

Elkova 1: Oswpio PoPOoALKNC YEWUETPLOG e Baseline OO’
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ErtutoAlkec ouvOnKec

e Taonueia P,...P,
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npofaAlovrol
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Ewkova 2: Oswpia mpoPoAlkAC yewpeTplag-ZuvOnkec(l)
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ErtutoAkeg ouvOnkec (Calibrated

Elkova 3: Oswpia mpoBoAlkic yewpetpiag-2uvonkec(Il)

tep=[t]p
@-[ﬁx@’p’]zﬂ |:> pT (tX Rp')ZO
p' (txRp')=p" [t [Rp'=0

a

Essential Matrix 1
(Longuet-Higgins, 1981) <:| p'Ep =0 with &= xR
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ErtutoAlkec ouvOnKec

Mnyn: Lectures on Computer Vision by Kh m

n by Khurram Hassan Shafique,
Computer Vision Lab @ University of California (USF), Spring
17 d 2003, Available at:
! http://www.cs.ucf.edu/courses/cap6411/cap5415/
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Elkova 4: Oswpia mpoBoAkn¢ yewpetpiag-ZuvOnkeg(ll)

bep=[t]r
0p-100 x0)=0 =) P (txRp')=0
p' (txRp')=p"[t.]Rp'=0

a

Essential Matrix 1
(Longuet-Higgins, 1981) <:| p'Ep =0 with &= xR
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l6lotntec Essential Matrix

p'Ep =0 with &=[tR

® F Is singular.

*In fact, there are only 5 degrees of freedom in E,
3 for rotation
2 for translation (up to scale), determined by epipole

t<p=[t], p
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Camera Internal Parameters
or Calibration matrix

/ e Background
The lens optical
o= ° axis does not
coincide with the
Sensor

; We model this
= = using a 3x3
“ matrix the

Calibration matrix

AVRANNCAN

Elkova 5: Movtélo Babuovopnong KAUEPOC



Camera Calibration matrix

e The difference between ideal sensor ant the
real one is modeled by a 3x3 matrix K:

fa, b ¢
K=0 a, c
L0 0 1,
o camera center, pixel

dimensions, b skew
e We end with g=Kp



ErtutoAtkec ouvOnkec (Uncalibrated
case)
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Elkova 6: Oswpia mpoBoAkng yewpeTploc-
ABeBatotnta- 2uvOnkeg(l)

p'EP =0

i :> p'Fp =0 with F=K 1K !
T L
p'=K'p’

Fundamental Matrix
(Faugeras and Luong, 1992
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The Eight-Point Algorithm
(Longuet-Higgins, 1981)
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Non-Linear Least-Squares Approach
(Luong et al., 1993)

Minimize

E[dj(pé?j:p;:l + dg(p;?j:Tpé)]

i=1

with respect to the coefficients of /', using an
appropriate rank-2 parameterization.
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Extipnon tou R ko t o tov E

An SVD of E gives E = UzV'T (

-1 0
W = 0 0
0 1

E=USVT=UWIVTVW 3 V=R [t]

I e N
‘\'.."'-———."'-“‘,

o
= e O

= = O

R=UWLVT & [tx]=VW I VT
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Ektipnon Bgonc

e [lwg PBpiokw Ta

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique
Computer Vision Lab @ University of California (USF), Spring
2003, Available at:

http://www.cs.ucf.edu/courses/cap6411/cap5415/

(%% %)

V1, Y,) V.,Y,)

Ewkova 7: Edappoyn mpoBoAlkng yewWUETpLag yia ektipnon 6€ong
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>xeon avopeoa o€ 3D kat 2D

Two normalized cameras project the 3D world onto their respective image planes
Let the 3D coordinates of a point P be (z1.22,23) and (#1:73,73)  relative to each
camera's coordinate system.

Since the cameras are normalized, the corresponding image coordinates are

() -=() (4)-3()
Yo T3 \ T2 Ys xh \ X5
A homogeneous representation of the two image coordinates is then given by

il 1 il Y1 1 T
2 - 2 y‘r = — If
1 T3 Ta 12 Lg Ii

which also can be written more compactly as
1. L1

y=—X = —X
T3 Y Ty
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!

X3 —

TeAwkol uTtoAoylopol

(27, 75, 25)

y T ri(x—=t) ri(y-—t/zg)
=

rh  r3(Xx—t) ra(y—t/r3)

SN () ==(1)
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Xpnuotodotnon

To apov ekmaldeUTLKO UALKO €XeL avarmtuxBel oto mAaiolo Tou
ekmaldeuTIKOU €pyou Tou dtdbdokovta.

To £pyo «Avolkta Akadnpaika Madipata oto MNaveniotipio Natpwvy

EXEL XpnUatodotAoEL povo tTnv avadlapopdwaon Tou eKTOLOEUTIKOU
UALKOU.

To £pyo vAomoleital oto rAaiolo Tou Emyelpnotakol Mpoypappatoc
«Ekmaiidevon kot Ata Blou Mabnon» kat cuyxpnuatodoteital oo tnv
Evpwmnaikni Evwon (Evpwraiko Kowvwviko Tapeio) kot oo BvVikoug
TTOPOUC.

EMIXEIPHEIAKO TMPOIPAMMA
G EKMAIAEYZH KAl AlA BIOY MAGHZH 5 EZI-IA
: : enévduen GTnv Uotvwvia TNe. YVwen
* o Kk EE=] < [ npdypopo yo v vl

YNOYPTEIO MAIAEIAL KAl BPHEKEYMATON

Evpwmnaikr 'Evwon EIAIKH YMHPEZIA AIAXEIPIZIHE

Evpwmaiké Koivwviko Tapeio . ; .
Me ) ouyxpnparodétnon tng EAAGdag kat tng Evpwmnaikig Evwong
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2 NUELWLOTOL



2NUelwpa lotopkou Ekbooewv Epyou

To tapov €pyo amoteAel tnv €kdoon 1.0
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>NUElwpo Avadopag

Copyright MNavernotiuwo MNatpwy, Avtwviog T(Eg, Evayyehoc Aspuatacg,
«Popurmotika Zuotipoata. MpoPoAwkn yewpetpior. Ekdoon: 1.0. Matpa 2015.
AwaBgopo amno tn diktuakn dtevBuvon:
https://eclass.upatras.gr/courses/EE804/index.php

22
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>NUelwpa Adelodotnonc

To mapov VALKO SlatiBetal pe toucg opouc tng adetac xpnong Creative Commons Avadopa,
Noapopota Atavopun 4.0 [1] § petayeveotepn, AteBvnc Ekdoon. E€alpouvtal Ta auTtoTeAn £pya
Tpltwv T.Y. Ppwrtoypadieg, Staypappota K.A.1T., T OTtolo EUTIEPLEXOVTAL OE AUTO KOL TOL OTtoLaL
avadEpovtal pall He TOUC OPOUC XPRONCE TOUC 0TO «2npeiwpa Xpnong Epywv Tplitwvy.

@ 06

[1] http://creativecommons.org/licenses/by-sa/4.0/

J0udwva e avtiv thv adeta o Sikatouxog oo divel o dikaiwpa va:

Molpaoteite — avilypaPete kol ovaSLAVEUETE TO UALKO

Npoocapuoote — avapeifte, TPOMOMOLAOTE Kal SNULOUPYNOTE MAVW OTO UALKO yla KABe okomo
Y16 toug aakoAouBOoug 6poug:

Avadopad Anpovpyol — Oa MPEMEL va Kataxwploste avadopd oto dSnuloupyo , e cUVOECHO
NG adelag

Napopola Atavopl — Av avapeifete, TPOMOMOLNOETE, 1) SNULOUPYNOETE TIAVW OTO UALKO,
TPETIEL VAL OLOVELUETE TIG OLKEC o oLUVELODOPEC UTIO TNV dLla Adela OwE Kol TO TIPWTOTUTIO
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AloTtnpnon ZNUELWLATWY

Ornoladnmnote avamapoywyn N dSlookeun Tou UALKOU Ba TtpeETmel
va cupreplthapBavet:

" 10 2nueilwpa Avadopdc

" 10 2nuelwpa Adelodotnong

= N 6nAwon Alathpnong ZNUELWUATWY

" 10 2nueilwpa Xpriong Epywv Tpitwv (epooov utapyel)

nall pe Toug cuvodEVOUEVOUC UTIEPOUVOECUOUC.
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>nueilwpo Xpnonc Epywv Tpltwv (1/2)
Ewkoveg/Zxnpata/Aaypappata/Pwtoypadieg

Elkova 1: Oswpla tpoBoAiknc yewpetpiag, Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision
Lab @ Univeristy of California (UCF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/

Elkova 2: Oswpla tpoBoAiknc yewpetpiag-2uvOnkeg(l), Lectures on Computer Vision by Khurram Hassan Shafique,
Computer Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Elkova 3: Oewplia tpoBoAiknc yewpetpiag-2uvoOnkeg(ll), Lectures on Computer Vision by Khurram Hassan Shafique,
Computer Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 4: Oewpla tpoBoAikng yewpetpiag-2uvonkeg(lll), Lectures on Computer Vision by Khurram Hassan Shafique,
Computer Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Elkova 5: Movtélo BaBpovopunong kapepag, 161o €pyo

Elkova 6: Oswpla tpoBoAikng yewpetpiag-ABeBatotnta- uvOnkeg, Lectures on Computer Vision by Khurram Hassan
Shafique, Computer Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 7: Epappoyn mpoBoAiknc yewpetplag yia ektipnon 6éong, Lectures on Computer Vision by Khurram Hassan
Shafique, Computer Vision Lab @ Univeristy of California (UCF), Spring 2003, Available at:
http://www.cs.ucf.edu/courses/cap6411/cap5415/
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