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Binocular stereo

e Given a calibrated binocular stereo pair, fuse it to
produce a depth image

image 2

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/

Dense depth map

Ewkova 1: NMapoucioon oTtoXou 0TEPEOCKOTILKNC OPAONC


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Simplest case: Parallel images

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/

e Image planes of cameras
are parallel to each other
and to the baseline

« Camera centers are at the
same height

 Focal lengths are the same

Ewkova 2: MeBoboloyia evpeong Babouc (I)


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Simplest case: Parallel images

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

e Image planes of cameras
are parallel to each other
and to the baseline

« Camera centers are at the
same height

 Focal lengths are the same

e Then, epipolar lines fall
along the horizontal scan
lines of the images

Ewkova 3: MeBoboloyia elpeong Babouc (Il)


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Essential matrix for parallel images

Mnyn: Lectures on Co mp uter Vision by Khurram Hassan Shafigue, Computer Vision Lab
@ University of Califor (USF) Sp ng 2003 Availa bI at:
http://www.cs.ucf. edu/c capb411/c p5415/

Epipolar constraint:
x ExX'=0, E=[t]R

R=1 t=(T,0,0)

—[tJR=|0 0 —-T

Ewkova 4: MeBoboloyia elpeonc Babouc (llI)


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Essential matrix for parallel images

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/

Epipolar constraint:
x ExX'=0, E=[t]R

R=1 t=(T,0,0)

E=[t]JR=|0 0 -T

Ewkova 5:
MeBodoAoyla eUpeong 0O T 0
BaBouc (IV) N |
0 0 0 Ju 0
v 10 0o -T|v|=0 (U v 1)-T|=0 Tv=TV
0T 0|1 TV

The y-coordinates of corresponding points are the same!


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Depth from disparity

X

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/

O Baseline O’
B gupeoncg Babouc (V)

Elkova 6: MeBoboloyia

disparity =x—x' = B-1
Z

Disparity is inversely proportional to depth!


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Basic stereo matching algorithm

_— N ; ; o )
721 HON. {‘““:ﬁlf‘iht Llﬁ_COIJ\,-l’DC-S_III_EI}t .Of l«n“(‘d htntcs.._ | Y |f necessa ry’ rectlfy the two

stereo images to transform
epipolar lines into scanlines

e For each pixel x in the first
image
— Find corresponding epipolar
scanline in the right image
— Examine all pixels on the

scanline and pick the best
match x’

— Compute disparity x-x” and

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, Computer Vision Lab — v’
@ University of California (USF), Spring 2003, Available at: Set d e pth (X) - 1/(X X )

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

Ewkova 7: H nepimtwon tng Sopbwonc swkovag ylo epeon Babouc
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http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Correspondence problem

e Hypothesis 1
© Hypothesis 2
o Hypothesis 3

o) Left image Right image

C

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/

Ewkova 8: MpoBAnpa MoAAATAWY aVTLOTOLXIoEWV

» Multiple matching hypotheses
satisfy the epipolar constraint,
but which one is correct?

11


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Correspondence problem

& ".”' HON. ABRAHAM LINCOLN, President of United States., 5 ° Let’s make some assumpt|ons to

simplify the matching problem

— The baseline is relatively
small (compared to the
depth of scene points)

— Then most scene points are
visible in both views

| . — Also, matching regions are
j 3 similar in appearance

e v e

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/

Ewkova 9: Napadoyxéc eniAvong mpoBARpaToc ToOAAATTAWY
avilotolyioswv

12


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Correspondence problem

e Let’'s make some assumptions to simplify
the matching problem

— The baseline is relatively small (compared
to the depth of scene points)

— Then most scene points are visible in both
views

— Also, matching regions are similar in
appearance

13



Correspondence search with
similarity constraint

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique, .
Computer Vision Lab @ University of California (USF), Spring 2003, Left nght
Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/ i -

scanline

Matching cost

,» disparity

Ewkova 10:MeBodoloyia emniAuong |
npoBANpatog moAAamAwy avtiotolyicewv (1)

e Let’s make some assumptions to simplify the matching problem
— The baseline is relatively small (compared to the depth of scene
points)
— Then most scene points are visible in both views
— Also, matching regions are similar in appearance

14


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Correspondence search with
similarity constraint

Left Right

scanline

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/

Ewkova 11:MeBodoloyia emiduong
npoBANpatog moAAamAwy avtiotolxioewv (I1)

SSD
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http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Correspondence search with
similarity constraint

Left Right

scanline

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/

Ewkova 12:MeBodoloyia eniduong Norm. corr
nipoPAfuatoc moANarmAwy avtiotolxioswv (l11)
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http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Effect of window size

— Smaller window
+ More detall
e More noise

— Larger window
+ Smoother disparity maps
e Less detall

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/

Ewkova 13:MeBodoloyia emniduong
nipoBANRatog moAAamAwyY avtlotolxicewv (I1V)
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http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

The S|m|Iar|ty constraint

EE;E = HON. A'I!lhﬂl AM LINCOLN, l’rtshlcut of Lnltm States.

: ;T e Corresponding

{ regions in two
images should be
similar in

appearance
e ...and non-
R corresponding
Caltani (03} sprng 203 valoleat regIO ns s h ou |d be
, , , , different
Ewova 14: Napadeypa amotuyiag pebodou
e When will the
similarity

constraint fail?


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Results with window search

Data

Mnyn: Lectu C omputer V n by Khuri ram Has: afi
Computer v Lab @ Uni ty fc If (USF) Sp g2003
Ava I ble at: http //www. cs f edu/ ( ap6411/cap5415/

Ewkova 15: AntoteAéopata pe avalntnon napadbupou
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http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Non-local constraints

e Unigueness

— For any point in one image, there should be at most
one matching point in the other image

MNnyA: Lectures on Computer Vision by Khurram
assan Shafique, Computer Vision Lab @ University

of California (USF), Spring 2003, Available at:

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

o Violates uniqueness
constraint

Left image Right image

Ewkova 16: H mepinmtwon pn-tomikwyv neploptopwvy (1) .


http://www.cs.ucf.edu/%7Ekhurram
http://www.cs.ucf.edu/courses/cap6411/cap5415/

Non-local constraints

Ewkova 17: H mepimtwon pn-tomikwy neptoptopwv (I1)
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Teloc Evotntoc



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

25



>NUElwpo Avadopag

Copyright MNavernotiuwo MNatpwy, Avtwviog T(Eg, Evayyehoc Aspuatacg,
«POUTTOTIKA ZUOTHUOTA. TEPEOOKOTILKN amtelkovion». Ekboon: 1.0. MNatpa
2015. AtaBgoipo amod tn diktuakn dtevBuvon:
https://eclass.upatras.gr/courses/EE804/index.php

26


https://eclass.upatras.gr/courses/EE804/index.php

>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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Ynuelwpo Xpnonc Epywv Tpttwv (1/3)
To Epyo auTo KAVEL Xprion Twv aKOAOUBwV £pywv:
Ewkoveg/Zxnpata/Aaypappata/Pwrtoypadisg

Ewkova 1: Nopouciacn oTOXou OTEPEOOKOTILKN G Opaaong, 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 2: MeBobohoyla elpeong Baboug (1), 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 3:MeBodoloyia eupeong Babouc (l1), 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: MeBobohoyla elpeong Baboug (Ill), 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:MeBodoloyia eupeong Babouc (1V), 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 6: MeBobohoyla elpeong Baboug (V), 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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Ynuelwpo Xpnonc Epywv Tpttwv (2/3)
To Epyo auTo KAVEL Xprion Twv aKOAOUBwV £pywv:
Ewkoveg/Zxnpata/Aaypappata/Pwrtoypadisg

Ewkova 7: H mepinmtwon tng d1opbwonc swkovag yla epeon Babouc, 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 8: MpoBAnua moAAamAwy avtiotolxioswy, 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 9: Napadoxeg emiluong mpoPAnpatog moAAamAwy avtiotolyioswy, 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 10: 10:MeBoboloyia eniduong mpoBAnpoatog moAAamAwyv avtiotolyioewy (1), 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 11: MeBoboloyia eniduong mpoBAnpatog moAAamAwyv avtiotolyioewv (1), 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 12: MeBoboloyia emiduong npoBAnuoatog moAAamAwyv avtiotolxioswy (I11), 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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>nueiwpa Xpnone Epywv Tpitwv (3/3)
To Epyo auTo KAVEL Xprion Twv aKOAOUBwV £pywv:
Ewkoveg/Zxnpata/Aaypappata/Pwrtoypadisg

Ewkova 13: MeBoboloyia eniduong npoBAnpatog moAamAwy avtiotolxioswy (IV) , 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 14: Napadetypa anotuyiog peboddou, 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 15: AnoteAéopata pe avalntnon napabupou, 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 16: H mepinmtwon pn-tomikwyv neploptopwv (1), 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 17: H mepintwon pn-tomikwy nieploptopwv (I1), 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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