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2 KOTTOL €vVOTNTOLC

e JKOTIOC TNC EVOTNTOC £LvaL N mopouciacn Ko
e€olkelwaon e ta aakoAovBa otoxeia PndpLaknc
emeepyaoioc ELKOVAC:

= Katatpnon €ikovac-video Ye TEXVLKEC OTITIKNC
ponc (optical flow)



[leplexopeva EVOTNTOLC

= Katatpnon €ikovac-video YE TEXVLKEC OTITIKAC
slelyls



Katatunon ewkovoc-video (Omtikn pon

Mnyn: Mathworks File Exchange, Wavelet Approximations Phase-based Optical Flow GUI
By Michael Dessauer, URL: http://www.mathworks.com/matlabcentral/fileexchange/26815-wavelet-approximations-phase-based-optical-flow-
gui/content/PBOFgui/WPBOF_GUl.m
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— Phaze-bazed Optical Flow using W et

Load matrix from Workspace

50 50

— Optical Flowe Params

Wavelet Type
Wavelet Level IZ]

“elocity Vector # III
Linearity Thresh
Windowy Size
Temp MNum

MC min III

Guiver Size

oW

100 100

150 150
200 200

250 250

50 100 150 200 250 300 350 50 100 150 200 250 300 350

-

Get Opttical Flow

Compute Time (=)
e i tatal 50 100 150 200 250 300 350 50 100 150 200 250 300 350

0.094759 28333 III
Create O.F. .mat file J
< [

Play

L]

|:| create unigue name

Ewkova 1: EUpeon omTikAC pong ewovac Baon dtadopdc paong e
Aoylouiko Matlab


http://www.mathworks.com/matlabcentral/fileexchange/26815-wavelet-approximations-phase-based-optical-flow-gui/content/PBOFgui/WPBOF_GUI.m

Katatpunon ewkovac-video
(Omtikn pon)

Elkova 2: EUpeon omTIkAG pong elkovag He Aoylopko Matlab

Mnyn (apxwkng eikovag): Video & Image Processing Lab, School of Electronic Engineering, Xinbo Gao,
URL: http://see.xidian.edu.cn/vipsl/database Video.html



http://see.xidian.edu.cn/vipsl/database_Video.html

Kivnon avtikelpevwy 3D- Meployec

opolalouoac KOTOVOUNC XPWHOATOC

Mnyn: Lectures on Image Processing by Lihi Zelnik-Manor, Computational Vision @
Caltech 2004, Available at: http://www.vision.caltech.edu/html-files/EE148-
2005/uploads/OpticalFlow.pdf, All images available in public domain at

http://www.vision

.caltech.edu/archive.html
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Elkova 3: TUTILKEC LopPPEG Kivnong



http://www.vision.caltech.edu/html-files/EE148-2005/uploads/OpticalFlow.pdf
http://www.vision.caltech.edu/archive.html

3D- 2D ormtikn pon

Mnyn: Lectures on Image Processing by Lihi Zelnik-Manor, Computational Vision @
Caltech 2004, Available at: http://www.vision.caltech.edu/html-files/EE148-
2005/uploads/OpticalFlow.pdf, All images available in public domain at
http://www.vision.caltech.edu/archive.html

CCD

2D optical *
flow vector |
i=(u,v)

Ewkova 4: Metatpornn 3-6tdotatng kivnong og 2-6laotatn (poviélo
Pinhole)


http://www.vision.caltech.edu/html-files/EE148-2005/uploads/OpticalFlow.pdf
http://www.vision.caltech.edu/archive.html

3D- 2D omtikn pon

Scene point velocity:

V.ot |
Image velocity:  V, =
Ewkova 5: YmoAoyLlopog taxutntac KvoULEVOU onUELlou
| o1 r,
Perspective projection: —1I; =
r .Z

o

Motion field
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3D- 2D ormtikn pon
Ideally Optical flow = Motion field

ANy pwTtiopou -> Kivnon aVTIKELLEVWY;

Kivnon ¢wtiotikol onueiou -> Kivnon avtlkelpEVWY;
Kivnon kapepoag -> Kivnon avilkelpevwy;

ANy eotiaong -> Kivnon avtlkelpeEvwy;

Mnyn: Lectures on Computer Vision by Khurram Hassan Shafique,

Computer Vision Lab @ Univeristy of California (USF), Spring 2003,
Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/

Elkova 6: H mepimtwon 18avikng omTiknG pOoNng


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

Ontikn pon - YmoBeoelg

| (X, y,1) =(1(X+adx,y+dy,t+1)

I'Inyn Op cal Flow by Andres C.E, URL: http://vis rtificialenrobotsmoviles.blog gr/2008/06/flujo-ptico-
robots-mviles-2.html

Ewkova 7: Omtikn pon - YroBEoelg

10


http://visionartificialenrobotsmoviles.blogspot.gr/2008/06/flujo-ptico-en-robots-mviles-2.html

Orntikn pon - EmtAuon

(X+Udt,y+Vor)

. ./. Optical Flow: Velocities (U \ V)

(X, ) (X, y)

Displacement:
(%, 0y) = (U o, v i)

—Assume brightness of patch remains same in both images:

E(X+uod,y+vat,t+a)=E(x,y,t)

timet timet+ ot

—Taylor:

ok ok ok
E(X, V,t{)+X—+0y —+ot —=E(X,V,t
(X, Y,t) ~ yay - (X, ,t)
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Orntikn pon - EmtAuon

5xa—E+5ya—E+é’[a—E=O
OX oy ot

Divide byé,[ and take the limit a—0

dxaE+dy 8E+8_E_
dt ox dt oy ot

Constraint Equation
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Ornttikn pon — EmiAvon Lucas Kanade —
Solving the aperture problem

e Least squares problem:

- I:(p1) Iy(p1) - Ii(p1)
I:(p2) Iy(p2) [ U } _ | I(p2) A d=b
: : v : 25x2 2X1 25x1
| Iz(p25) Iy(p2s) Ii(p2s) |

 When is this system solvable?

B. Lucas and T. Kanade, An iterative image registration technique with
an application to stereo vision., In Proceedings of the International Joint
Conference on Artificial Intelligence, pp. 674—679, 1981.

13


http://www.ri.cmu.edu/pub_files/pub3/lucas_bruce_d_1981_1/lucas_bruce_d_1981_1.pdf

Ontikn pon — Lucas Kanade flow

AT A Alp
e M = ATA is the second moment matrix

 The system is solvable by looking at the

eigenvalues of the second moment matrix

 The eigenvectors and eigenvalues of M relate to edge
direction and magnitude

« The eigenvector associated with the larger eigenvalue
points in the direction of fastest intensity change, and the
other eigenvector is orthogonal to it

{ZL@L@ z:fmfy] [u} _ _{zfxft]
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Ontikn pon — Edappoyn
Uniform region

— Gradients have small
magnitude

—  Small A;, small A,

—  Systemiisill-
conditioned

MNnyA: Lectures on Computer Vision by Svetlana Lazebnik (lazebnik -at-
cs.unc.edu), Lecture 25 (Optical Flow), Available at URL:
http://www.cs.unc.edu/~lazebnik/spring11/, Apxikrj eikova: Flower Garden
sequence, Signal Analysis and Machine Perception Laboratory, Ohio State
University, available at http://sampl.ece.ohio-
state.edu/data/motion/sflowg/index.htm & Professor Black
http://cs.brown.edu/~black/

Ewkova 8: Omtikn pory — Opolopopdn mepLoxn

15


http://www.cs.unc.edu/%7Elazebnik/spring11/
http://sampl.ece.ohio-state.edu/data/motion/sflowg/index.htm
http://cs.brown.edu/%7Eblack/

Ontikn pon — Edappoyn

— Gradients have one
dominant region

— lLarge A, small A,

—  Systemiisill-
conditioned

MNnyA: Lectures on Computer Vision by Svetlana Lazebnik (lazebnik -at-
cs.unc.edu), Lecture 25 (Optical Flow), Available at URL:
http://www.cs.unc.edu/~lazebnik/spring11/, Apxikrj eikova: Flower Garden
sequence, Signal Analysis and Machine Perception Laboratory, Ohio State
University, available at http://sampl.ece.ohio-
state.edu/data/motion/sflowg/index.htm & Professor Black
http://cs.brown.edu/~black/

Ewkova 9: Omtikn) por) — AKpo

16


http://www.cs.unc.edu/%7Elazebnik/spring11/
http://sampl.ece.ohio-state.edu/data/motion/sflowg/index.htm
http://cs.brown.edu/%7Eblack/

Ontikn pon — Epappoyn
High-texture or corner region

— Gradients have
different directions,
large magnitudes

— Large A, Large A,

—  System is well-
conditioned

MNnyA: Lectures on Computer Vision by Svetlana Lazebnik (lazebnik -at-
cs.unc.edu), Lecture 25 (Optical Flow), Available at URL:
http://www.cs.unc.edu/~lazebnik/spring11/, Apxikrj eikova: Flower Garden
sequence, Signal Analysis and Machine Perception Laboratory, Ohio State
University, available at http://sampl.ece.ohio-
state.edu/data/motion/sflowg/index.htm & Professor Black
http://cs.brown.edu/~black/

Ewkova 10: Omttikn) pony — YYnAN petapfAntotnta uPpng
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http://www.cs.unc.edu/%7Elazebnik/spring11/
http://sampl.ece.ohio-state.edu/data/motion/sflowg/index.htm
http://cs.brown.edu/%7Eblack/

Orntikn pon — 2paApata pebodou
Lucas-Kanade

e The motion is large (larger than a pixel)
— [terative refinement
— Coarse-to-fine estimation

e A point does not move like its neighbors

— Motion segmentation

e Brightness constancy does not hold

— Exhaustive neighborhood search with normalized
correlation

18



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

20



2 NUELWLOTOL



2NUelwpa lotopkou Ekbooewv Epyou

To tapov €pyo amoteAel tnv €kdoon 1.0

22



>NUElwpo Avadopag

Copyright MNavernotiuwo MNatpwy, Avtwviog T(Eg, Evayyehoc Aspuatacg,
«Popurmotika Zuothpoata. Katdtunon elikovoc-video omttiki por». Exkdoon: 1.0.
Natpa 2015. AwaBgotpo amnod tn diktuakn dtevBuvon:
https://eclass.upatras.gr/courses/EE804/index.php

23


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

24



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 (1/2)

Ewkoveg/Zxnpata/Aaypappata/Pwrtoypadisg

Ewkova 1: EUpeon omtikng pong lkovag Baon dtadopag paonc pe Aoylopukd Matlab, Mathworks File Exchange, Wavelet
Approximations Phase-based Optical Flow GUI By Michael Dessauer, URL:
http://www.mathworks.com/matlabcentral/fileexchange/26815-wavelet-approximations-phase-based-optical-flow-
gui/content/PBOFgui/WPBOF GUI.m, Apxtkn swova: Mathworks, Matlab, Image processing toolbox sample images,
Copyright © 2015, Image Analyst, All rights reserved, URL:
http://www.mathworks.com/matlabcentral/fileexchange/25157-image-segmentation-tutorial

Ewkova 2: EUpeon omTIkAG poNng lkOvac e Aoylopko Matlab, Mnyn (apxikng etkdvac): Video & Image Processing Lab,
School of Electronic Engineering, Xinbo Gao, URL: http://see.xidian.edu.cn/vipsl/database Video.html

Ewkova 3Tumikég popdEg kivnong, Lectures on Image Processing by Lihi Zelnik-Manor, Computational Vision @ Caltech
2004, Available at: http://www.vision.caltech.edu/html-files/EE148-2005/uploads/OpticalFlow.pdf, All images available
in public domain at http://www.vision.caltech.edu/archive.html|

Ewkova 4: Metatponn 3-6laotatng kivnong os 2-6tactatn (Lovtélo Pinhole), Lectures on Image Processing by Lihi
Zelnik-Manor, Computational Vision @ Caltech 2004, Available at: http://www.vision.caltech.edu/html-files/EE148-
2005/uploads/OpticalFlow.pdf, All images available in public domain at http://www.vision.caltech.edu/archive.html

Elkova 5: YoAoylopog taxutntag KWWoUpEVOU onpelou, Lectures on Image Processing by Lihi Zelnik-Manor,
Computational Vision @ Caltech 2004, Available at: http://www.vision.caltech.edu/html-files/EE148-
2005/uploads/OpticalFlow.pdf, All images available in public domain at http://www.vision.caltech.edu/archive.html
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http://www.mathworks.com/matlabcentral/fileexchange/26815-wavelet-approximations-phase-based-optical-flow-gui/content/PBOFgui/WPBOF_GUI.m
http://www.mathworks.com/matlabcentral/fileexchange/25157-image-segmentation-tutorial
http://see.xidian.edu.cn/vipsl/database_Video.html
http://www.vision.caltech.edu/html-files/EE148-2005/uploads/OpticalFlow.pdf
http://www.vision.caltech.edu/archive.html
http://www.vision.caltech.edu/html-files/EE148-2005/uploads/OpticalFlow.pdf
http://www.vision.caltech.edu/archive.html
http://www.vision.caltech.edu/html-files/EE148-2005/uploads/OpticalFlow.pdf
http://www.vision.caltech.edu/archive.html

Ynuelwpo Xpnonc Epywv Tplttwv (2/2)
To Epyo auTo KAVEL Xprion Twv aKOAOUBwV £pywv:
Ewkoveg/Zxnpata/Aaypappata/Pwrtoypadisg

Ewkova 6: H mepinmtwon davikng omtikng pong, Lectures on Computer Vision by Khurram Hassan Shafique, Computer
Vision Lab @ Univeristy of California (USF), Spring 2003, Available at: http://www.cs.ucf.edu/courses/cap6411/cap5415/

Ewkova 7: Omtikn pon - YmoB€oelg, http://visionartificialenrobotsmoviles.blogspot.gr/2008/06/flujo-ptico-en-robots-
mviles-2.html

Elkova 8: Omtikn por) — Opolopopdn neptoxn, Mnyn: Lectures on Computer Vision by Svetlana Lazebnik (lazebnik -at-
cs.unc.edu), Lecture 25 (Optical Flow), Available at URL: http://www.cs.unc.edu/~lazebnik/spring11/, Apxkrn elkova:
Flower Garden sequence, Signal Analysis and Machine Perception Laboratory, Ohio State University, available at
http://sampl.ece.ohio-state.edu/data/motion/sflowg/index.htm and Professor Black http://cs.brown.edu/~black/

Ewkova 9: Omtikn pon — Akpo, Mnyn: Lectures on Computer Vision by Svetlana Lazebnik (lazebnik -at- cs.unc.edu), Lecture
25 (Optical Flow), Available at URL: http://www.cs.unc.edu/~lazebnik/spring11/, Apxwn €ikova: Flower Garden sequence,
Signal Analysis and Machine Perception Laboratory, Ohio State University, available at http://sampl.ece.ohio-
state.edu/data/motion/sflowg/index.htm and Professor Black http://cs.brown.edu/~black/

Ewkova 10: Omtikn pon — YPnAn petapAntotnta udng, Mnyn: Lectures on Computer Vision by Svetlana Lazebnik (lazebnik -
at- cs.unc.edu), Lecture 25 (Optical Flow), Available at URL: http://www.cs.unc.edu/~lazebnik/spring11/, Apxikn ewkova:
Flower Garden sequence, Signal Analysis and Machine Perception Laboratory, Ohio State University, available at
http://sampl.ece.ohio-state.edu/data/motion/sflowg/index.htm and Professor Black http://cs.brown.edu/~black/
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http://www.cs.ucf.edu/courses/cap6411/cap5415/
http://visionartificialenrobotsmoviles.blogspot.gr/2008/06/flujo-ptico-en-robots-mviles-2.html
http://www.cs.unc.edu/%7Elazebnik/spring11/
http://sampl.ece.ohio-state.edu/data/motion/sflowg/index.htm
http://cs.brown.edu/%7Eblack/
http://www.cs.unc.edu/%7Elazebnik/spring11/
http://sampl.ece.ohio-state.edu/data/motion/sflowg/index.htm
http://cs.brown.edu/%7Eblack/
http://www.cs.unc.edu/%7Elazebnik/spring11/
http://sampl.ece.ohio-state.edu/data/motion/sflowg/index.htm
http://cs.brown.edu/%7Eblack/
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