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Course update

A Lectures

week 1 2 3 / 8 9 10 11 12 13 14

Student
Presentations

Image Denoising 2D Tracking Data Clustering
VincentLepetit Kevin Smith Mario Christoudias

Inference on

Graphical Models
Yunpend.i

Segmentation
FethallalBenmansou
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Course update

A Final mark
A 50% homework
A 50% presentation

A Homework mark [FlaEtiven

A Considers only the
bes{N-2) scores
fromN total
assignments

50%
Homework

50%

Oral
Presentation




Oral presentations

Each student on topics covered
In the course to the rest of the class

Each student happrox to speak (including questions)

A list of papers you may select from will be posted on the web site
http://cvlab.epfl.ch/teaching/topics/index.php

Alternatively, you may propose a paper to present (subject to
approval)

Instructors and other students will ask gquestions about the work

Presentationsill be held during the last 6 weeks of the coufaae

slots will be assigned on a figimefirst serve basis, after the list is
posted. A web site will be made available to sign up with your selecte
paper and time slot




Oral presentations

Hints for a good presentation

Goal: inform your classmates

Start strong
Skip the overview and introduction slides
Avoid outline slides
Start by showing the results/benefits of the work

Use formulas only when necessary (fewer is better)
Establish a notation the audience understands
Describe the intuition behind formulae

Concentrate on the novelty of the work
Summarize weknown methods to save time

Limit the number of slides (~ 1 slide / minute)
Anticipate questions

Practice!
In front of an audience, if possible




Course update

A Homework: 7 total assignments

JJddd| @

Imagedenoising Segmentation 2D Tracking Inference on Data
Graphical Clustering
Models

Only the besiN-2 scores fronN total assignments will
be considered

First 4 assignments available on course web site
http://cvlab.epfl.ch/teaching/topics/index.php




Homework

2D Tracking assignments

HWaA4: Derive the recursive Bayesian filtering equation

HWS5: Implement a particle filter, use it to track object:
In 3 video sequences
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Outline

Introduction to th
tracking problem

Recursive Bayesig
filtering

Batch probabillistic
methods
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Outline

AWhat is tracking?

I ntrOd u Ct|0 n to th s AApproaches & assumptions
traC k| ng problem ATracking applications

AState of the art & challenges

Recursive Bayesié
filtering

Batch probabilistic
methods




What Is tracking?

A detection
A recognition
A tracking
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What Is tracking?

A Definition: usingnage measurementand apredictive
dynamic modelto consistently estimate the stat&(®f one or
more object(s) over the discrete time steps corresponding to

video frames.




What Is tracking?

A Why not just do detection?/ - inefficient

/. Estimate the stadéateach  / - data association problem
time step
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Al t OSs b er‘ackirqgr t ‘pefficightgrestrictsearch space

4 Maintain arestimateof X over A+ smoothes noisy measurements
time, predict the future location / -requires knowledge about object behavic
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Tracking assumptions

Smooth camera
No instant transitions between viewpoints
Any camera pose/parameter changes are gradual

Object motion can be modeled
Linear models
Nonlinear mod

Likelihood of object presence at a location in the imac
can be modeled

Typically uses local image information



15 — —
— —————
- —_— ——

App_roaches to tracking

A Sequential A Batch Processing
(recursive, online) (offline)
+ Inexpensivey real-time - Expensiv&’ notreal-time*
- no future information + considers all information

- cannot revisit past errors + can correct past errors




Approaches to tracking

A Parallel trackers A Joint state

A several singl®bject trackers A single muHlobject representation
A computationally less expensive A computationally expensive

A how to handle interaction, cress A principled interaction models
overs?




Approaches to tracking

Nonprobabilistic Probabillistic
+ quick convergence* + flexible, principled
+ efficient + multtimodal
- stuck in local minima - slower
- does not model multiple - Interpretation

objects




Tracking applications
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Tra(;king applications

Prithwijit Guha, Amitabha Mukerjee and K. S.Venkatesh
Vision, Graphics and Image Processing 4338-548 2007

A Tracking is an essential step in many computer vision based applications

JComputer



http://www.cse.iitk.ac.in/research/pdfs/phd/guha-mukerjee-venkatesh-icvgip07_spatiotemporal-discovery.pdf
http://www.cse.iitk.ac.in/research/pdfs/phd/guha-mukerjee-venkatesh-icvgip07_spatiotemporal-discovery.pdf
http://www.cse.iitk.ac.in/research/pdfs/phd/guha-mukerjee-venkatesh-icvgip07_spatiotemporal-discovery.pdf

Tracking applications

A Sports

P.Nillius, J. Sullivan,S.Carlsson, VUt Taroet Tracking Linking ldentities using Bayesian Network Inference
Computer Vision and Pattern Recognition (CVPR), 2006



http://www.nada.kth.se/cvap/Papers/406_sullivan_j.pdf
http://www.nada.kth.se/cvap/Papers/406_sullivan_j.pdf
http://www.nada.kth.se/cvap/Papers/406_sullivan_j.pdf
http://www.nada.kth.se/cvap/Papers/406_sullivan_j.pdf
http://www.nada.kth.se/cvap/Papers/406_sullivan_j.pdf
http://www.nada.kth.se/cvap/Papers/406_sullivan_j.pdf
http://www.nada.kth.se/cvap/Papers/406_sullivan_j.pdf

Tracking applications

A Survelllance

K. Smith, Buelhasand D.GaticaPerez,
Surveillance (PETS) Workshop at CVPR, New York, NY, June 18 2006

,» Performance Evaluation of Tracking and



http://cvlab.epfl.ch/~ksmith/papers/SMITH_PETS06
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Tra(;king applications

A Biological
research

lateral
ventrical (LV)

-—"'\
rostral migratory system (RMS)

—

K. Smith, A. Carleton, and V. Lepetit
Computer Vision and Pattern Recognition (CVPR), Anchorage, AK, June 2008


http://cvlab.epfl.ch/~ksmith/papers/SMITH_CVPR08.pdf
http://cvlab.epfl.ch/~ksmith/papers/SMITH_CVPR08.pdf
http://cvlab.epfl.ch/~ksmith/papers/SMITH_CVPR08.pdf
http://cvlab.epfl.ch/~ksmith/papers/SMITH_CVPR08.pdf
http://cvlab.epfl.ch/~ksmith/papers/SMITH_CVPR08.pdf

Tracking applications

Biological Research
Goal: develop a method to otr:

P. Horvath, QBuhkari 3D Tracking of poitdike objects in 2D image sequences, LMC, ETHZ



What Is the state of the art?

Despite being classic computer vision problem,
tracking is

Some limited successes

No generalpurpose tracker

No standard data corpus for comparison

No standard evaluation methodology

Challenging problems remain



Obstacles to tracking

)

appearance change
occlusion
distraction
Illumination change
difficult motion
multiple objects
scale change
efficient solution
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RuetSung LinDavid RossJongwoo Lim, Ming-HsuanYang,
Neural Information Processing Systems Conference (NIPS), 2004


http://www.ifp.uiuc.edu/~rlin1/publication/NIPS2004_0577.pdf
http://www.ifp.uiuc.edu/~rlin1/publication/NIPS2004_0577.pdf
http://www.ifp.uiuc.edu/~rlin1/adgm.html
http://www.ifp.uiuc.edu/~rlin1/publication/NIPS2004_0577.pdf
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occlusion
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Amit Adam, EhudRivlin and llan Shimshonj
IEEE Conference on Computer Vision and Pattern Recognition (CVPR), June 2006


http://www.cs.technion.ac.il/~amita/fragtrack/fragtrack_cvpr06.pdf
http://www.cs.technion.ac.il/~amita/fragtrack/fragtrack_cvpr06.pdf
http://www.cs.technion.ac.il/~amita/fragtrack/fragtrack_cvpr06.pdf
http://www.cs.technion.ac.il/~amita/fragtrack/fragtrack_cvpr06.pdf
http://www.cs.technion.ac.il/~amita/fragtrack/fragtrack_cvpr06.pdf
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Michaellsardand Andrew Blake
International Journal of Computer Vision (IJCV), 29;28,51998)


http://www.robots.ox.ac.uk/~ab/abstracts/ijcv98.html
http://www.robots.ox.ac.uk/~ab/abstracts/ijcv98.html
http://www.robots.ox.ac.uk/~ab/abstracts/ijcv98.html
http://www.robots.ox.ac.uk/~ab/abstracts/ijcv98.html
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Obstacles to tracking

appearance change
occlusion
distraction
Illumination change
difficult motion
multiple objects
scale change
efficient solution

RuetSung LinDavid RossJongwoo Lim, Ming-HsuanYang,
Neural Information Processing Systems Conference (NIPS), 2004


http://www.ifp.uiuc.edu/~rlin1/publication/NIPS2004_0577.pdf
http://www.ifp.uiuc.edu/~rlin1/publication/NIPS2004_0577.pdf
http://www.ifp.uiuc.edu/~rlin1/adgm.html
http://www.ifp.uiuc.edu/~rlin1/publication/NIPS2004_0577.pdf
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Michaellsardand Andrew Blake
International Journal of Computer Vision (IJCV), 29;28,51998)


http://www.robots.ox.ac.uk/~ab/abstracts/ijcv98.html
http://www.robots.ox.ac.uk/~ab/abstracts/ijcv98.html
http://www.robots.ox.ac.uk/~ab/abstracts/ijcv98.html
http://www.robots.ox.ac.uk/~ab/abstracts/ijcv98.html
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SaadAli and Mubarak Shah , European Conference on
Computer Vision (ECCV), 2008.


http://www.cs.cmu.edu/~saada/Publications/2008_ECCV_TrackingInCrowds.pdf
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Shawn_anktonJames Malcolmrie Nakhmaniand AllenTannenbaum
Proceedings of International Conference on Image Processing (ICIP), 2008.


http://www.shawnlankton.com/wp-content/uploads/articles/lankton-ttcis-ICIP-2008.pdf
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Outline

Introduction to th
tracking problem

: - ABackground & formulation
Recursive Bayesidiymisiedse

filtering AParticle filter

Batch probabilistic

methods




Recursive Bayesian filtering

A How Is it characterized?
Sequential
Parallel trackers OR joint modeling of multiple objects
Probabilistic

A Popular examples
Kalmarfilter
Particle filter
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Recursive Bayesian filtering

A Key idea 1:Probability distributions represent our belief as to
the state of the object

A Key idea 2: Recursiveeycle
1. Predictfrom motion model
from image
3. Correcthe prediction
érepeat
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Recursive Bayesian filtering

4 )

A State definition
Represent the object
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Observation model
Take measurements from the
image

A Dynamic model
Predict the next state give
current state

\_

~

A Inference method
. Solution estimation
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Tracking ingredients

A State Definition




State definition

Describes properties of the tracked object(s) at an instant in time
Defines solution space

X, ={ X X 10X}
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State definition

» Decomposed for time stepX, can parameterize the object in
many ways, often via:

A location
A velocity
/i size A l----' - oy
i shape [ I '
A identity | : : 0
A switching model o : 10 I
y 0
Xt _ (X’ y) ‘\:& : . ' '
X, =(x ¥, h) f L= g
— 1
X, ={x;, X3}

X



State definition

A Object defined by a point
A position
A velocity

~

A acceleration

X, = (X Y)
X =%y, % Y)
X, = (4 Y, % ¥ %)
SaadAli and Mubarak Shah , European Conference on

Computer Vision (ECCV), 2008.


http://www.cs.cmu.edu/~saada/Publications/2008_ECCV_TrackingInCrowds.pdf

State definition

Bounding box
position
height
aspect
velocity

X, =(XY)
X, =(xy,h a)

X, =(X ¥, X ¥y, ha

M. Breitenstein F. Reichlin B.Leibe E.Koller-Meier, L. VanGool|,
International Conference on Computer Vision (ICCV), 2009


http://www.sciweavers.org/external_ieee.php?u=http://www.vision.ee.ethz.ch/~bremicha/tracking/iccv09.pdf
http://www.sciweavers.org/external_ieee.php?u=http://www.vision.ee.ethz.ch/~bremicha/tracking/iccv09.pdf
http://www.sciweavers.org/external_ieee.php?u=http://www.vision.ee.ethz.ch/~bremicha/tracking/iccv09.pdf
http://www.sciweavers.org/external_ieee.php?u=http://www.vision.ee.ethz.ch/~bremicha/tracking/iccv09.pdf
http://www.sciweavers.org/external_ieee.php?u=http://www.vision.ee.ethz.ch/~bremicha/tracking/iccv09.pdf
http://www.sciweavers.org/external_ieee.php?u=http://www.vision.ee.ethz.ch/~bremicha/tracking/iccv09.pdf
http://www.sciweavers.org/external_ieee.php?u=http://www.vision.ee.ethz.ch/~bremicha/tracking/iccv09.pdf

State definition

A Ellipse
location
eccentricity
major axis

X, =(x,y,m &
X, =(x y,ab

Yuan LI, Chang Huang, Riavatia
Computer Vision and Pattern Recognition (CVPR), June 2009



http://iris.usc.edu/~yli8/papers/tracking_cvpr09.pdf
http://iris.usc.edu/~yli8/papers/tracking_cvpr09.pdf
http://iris.usc.edu/~yli8/papers/tracking_cvpr09.pdf

State definition

A Active contour
b-splines
control points
splinelength
H basis functions

X, =(X(9), Y(3)
X(9= H($X,0 ¢s N

Y(9 = H(9Y
X ={x; % ..., X}
Y=y, ¥, ¥}

Michaellsardand Andrew Blake
International Journal of Computer Vision (IJCV), 29;28,51998)


http://www.robots.ox.ac.uk/~ab/abstracts/ijcv98.html
http://www.robots.ox.ac.uk/~ab/abstracts/ijcv98.html
http://www.robots.ox.ac.uk/~ab/abstracts/ijcv98.html
http://www.robots.ox.ac.uk/~ab/abstracts/ijcv98.html

State definition

A Articulated & Parbased Models

set of vertices
locations
scales
constraints

X, ={V}, V,.., V'}
vV =(X,Y,$)

M. Andriluka, S. Roth, BSchiele , Computer Vision
and Pattern Recognition (CVPR'08), Anchorage, USA, June 2008


http://www.mis.informatik.tu-darmstadt.de/People/micha/tracking-by-detection-data/andriluka-cvpr08.pdf
http://www.mis.informatik.tu-darmstadt.de/People/micha/tracking-by-detection-data/andriluka-cvpr08.pdf
http://www.mis.informatik.tu-darmstadt.de/People/micha/tracking-by-detection-data/andriluka-cvpr08.pdf
http://www.mis.informatik.tu-darmstadt.de/People/micha/tracking-by-detection-data/andriluka-cvpr08.pdf
http://www.mis.informatik.tu-darmstadt.de/People/micha/tracking-by-detection-data/andriluka-cvpr08.pdf
http://www.mis.informatik.tu-darmstadt.de/People/micha/tracking-by-detection-data/andriluka-cvpr08.pdf
http://www.mis.informatik.tu-darmstadt.de/People/micha/tracking-by-detection-data/andriluka-cvpr08.pdf
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Tracking ingredients

ObservatiorModel




Observation model

Notation- observations

Z,={2...,2 4,2}

Returns the likelihood that a state hypothesis gave
rise to the observed image data

p(z, %)
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Observation model

A Modeling skin color




Observation model

A Sum of measurements
taken from lines
perpendicular to a
contour

Michaellsardand Andrew Blake
International Journal of Computer Vision (1JCV), 29;28,51998)



