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Uro ecTb pacno3HaHHbI 06beKT?
PasHble ypoBHKM nokanusauum

e O6vekT (cueHa) NpUcyTCTBYET Ha
M3006PAXKEHNM

Knaccudmkaums, Kateropmsalms
nsobpakenuit (image classification)

 WU3sectHo mectononoxeHne obbekTa,
OOBbEKT BbIAENEH HA M30OPAXKEHMM

OBHOPYXXEHWE, BbigENeHWe, NTOKANU3aLms
obvekTa (object detection, localization)

 WU3secTHbl nukcenu, npuHagnexayme
06beKTy

obbekTHas cermeHTaums (object
segmentation)

7
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CNO>XHO

N
Tl

KaTeropum
as CermeHTaums

YpoBHM nokanusaymm

Onpepenexune kareropum
BblgeneHmne obbekTa Ha
M306PaKEHMM

Onpegenexue kateropmm
06beEKTA HA M306PaXKEHMUM

NpoCTO

N
Ll

YposHu 0606LeHus
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Yro Takoe cermeHTauums?

[enenue MszobparkeHus Ha COCTABRSIOLME €ro 0BNACTU MM OBbEKT

ObbvepnHeHne nukcenem B rpynmbl MO NPU3HAKY «OBHOPORHOCTUY, «CBI3HOCTMUY

CermeHrs!: --

[Mukcenu, npuHagnexalyme ogHoMy
CErMEHTY, «MMEIoT UTo-To obuiee»

CeFMeHTCILlMSI — OAHA M3 CAMbIX CJTOXKHbBIX 3a04A4 KOMMbBIOTEPHOIO 3PEHUA
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Yro Takoe cermeHTaums?
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Fig. credit: Shi, Malik
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TO TOKOEe cermeHraumusa”?
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[ne ucnonblyercs cermeHTaums?

CermeHTtaums
MEAMLMHCKMX
CHUMKOB

BoipeneHme o6bekToB Ha
NPOM3BONbHbIX
M30BPAXKEHMIX U BUREO
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[Nop3apaum cermeHTaumUm

 Kak onpegenmts, 4T 3HAUMT «MMKCENM MMEIOT YTO-TOo oBLyeex?
Yro ectb 310 «0BLeen?

 Kak noctpomnts MateMaTMueckyro Mofenb, OTPOXKAIOLLYHO HEOBXOAMMOE HaM
NOHMMAHUE KOBLLHOCTU» ?

 Kak Hatm peluenus B BLIGPAHHOM Mopenu?

8 © Copyright 2012 Hewlett-Packard Development Company, L.P. The information contained herein is subject fo change without notice.



Bo3morkHble KpUtepumn «obLLHOCTUY

[NpuHapnexHocCTb
opHOMY 0BbekTy

Martepuan
®opma, KOHTYpbI

Tekcrypa [lepemelyeHue,

OBUXKEHME

YpoBeHb apKoCTH

NpOoCTO
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TakcoHOMUA MeTol0B CermeHTaLuu

o «CHu3y-BBEPX» V.S. KCBEPXY-BHMU3Y

10 © Copyright 2012 Hewlett-Packard Development Company, L.P. The information contained herein is subject to change without notice.

Bottom-up v.s. top-down

Pixel-based v.s. region-based/area-based
Local v.s. global

Feature-space based v.s. image-domain based
Region-based v.s. edge-based

«CHuM3y-BBEPX»
« OueHnBaeMm «OBLIHOCTbY OTAEMNbHbIX
nMKcenem unu HeBOoMbLUMX rPyNn NUKcene

«CBepxy-BHM3»
e OueHnBaem «OBLHOCTbY HA FMOOANLHOM
YPOBHE AN BCErO CErMeHTa




TakcoHOMUA MeTol0B CermeHTaLuu

o «CHuM3y-BBEPX» V.S. KCBEPXY-BHM3»
 Bottom-up v.s. top-down
* Pixel-based v.s. region-based/area-based
¢ Llocal v.s. global
* Feature-space based v.s. image-domain based
 Region-based v.s. edge-based

* ABTOMATMYECKOS V.S. C YUMUTENEM
e Automated v.s. user-directed

11 © Copyright 2012 Hewlett-Packard Development Company, L.P. The information contained herein is subject to change without notice.




Kputepuu «obuyHoctny»
Liset

255x192, 9603 ugetos 255x192, 8 ygetos

D. Comaniciu, P. Meer: Robust Analysis of Feature Spaces: Color Image Segmentation, CVPR'97
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Kputepuu «obuyHoctny

cxopHoe n3obpaskeHme

ero Oypbe-cnekrp

AMNNUTYAbI Pe3ynbTaToB
cBepTkM € 4 pasHbIMM
dunsrpamu Fabopa

Vincent Levesque, Texture Segmentation Using Gabor Filters
http://www.cs.huji.ac.il/~simonp/papers/ip_project.pdf

Pesynbrat cermeHTaymm
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Kputepuu «obuyHoctny»
Tekctypa

Thomas Hofmann, Jan Puzicha, Joachim M. Buhmann, Deterministic annealing for unsupervised texture segmentation,
EMMCVPR ‘97, pp. 213-228
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Kputepuu «obuyHoctny»
PacnonoseHnue otTHocuTeNbHO KOHTYpPG

Stella Yu, PhD thesis, 2003
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Kputepuu «obuyHoctny»
[lepemeryenue, neuxxeHune (motion)

OpuHaKOBbIE NOPAMETPbI BEKTPOB NEPEMELLEHMS: HAMPOBNEHME, OJIMHA

o

http://www.svcl.ucsd.edu/projects/ motiondytex/demo.htm

http://vcla.stat.ucla.edu/old/Barbu Research/Motion estim/index.html
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Kputepuu «obuyHoctny»
ny6buna (depth)

M. Dominguez-Morales, A. Jiménez-Fernandez, R. PazVicente, A. Linares-Barranco and G. Jiménez-Moreno
Stereo Matching: From the Basis to Neuromorphic Engineering
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Kputepuu «obuyHoctny
[no6anbHble

 Paccrosnne mexxpy nmkcenimu
 [lukcenu U3 ogHOrO CErMeHTa PACNONOXEHbI PIROM

e Yycno cermenTos
o CeMaHTMYECKM 3HAUMMBIX CEFMEHTOB HEe OOMXHO ObiTb MHOTO HA M306pa>|<eH1414

« Qopma/KoHTYp cermeHTa
 KoHyTp cermeHTa He fon>keH GbiTb OYEHb COXKHBIM

18 © Copyright 2012 Hewlett-Packard Development Company, L.P. The information contained herein is subject to change without notice.



Marematnueckme mogenm

Knacrepebi B [NonHoCBA3HbIM

NPOCTPAHCTBE rpaé
MPWU3HAKOB %

2-D pewertka Mtoxkectso

perMoHoB

ﬂ
- s s s
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Ucnonb3osanue knacrepusaumm

& & ® ® @

L

X
X, 2

\

\

\

X;,X, — BEKTOPA NPMU3HAKOB

(onmcbisatot user, Tekctypy,
nepemeLleHme, ...)
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Ucnonb3osanme knacrepusaumm

» Cluster similar pixels (features) together

R=255

G=200

B=250 (R=245
6=220
B=248
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Knacrepuasuums

Bonpoch!:

» Kakune npusHakm Mcnonb3osats? X \

» Kak cpasHMBaTH BekTOpa

(kakas metpuka)? Ko s—|

» Ckonbko knacrepos? Xy < o

» ®opma knacrepos?

22 © Copyright 2012 Hewlett-Packard Development Company, L.P. The information contained herein is subject to change without notice.



Metop k-cpegHux

OcHoBHOs 1aes

G e o G oC1e
[ X ] ® ° [ ] ° ..E PS .d
R >
Y ° o 0833
R R

Kaxxpas Touka gomkHa GbiTb KOK MOXHO Gnuxe K LIEHTPY CBOEro KIactepa:

Z Z ||p—C@'||2 — > min

clusters 7 points p in cluster ¢

/
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http://www.cs.washington.edu/education/courses/cse576/08sp/lectures/segment.pdf

Mertop k-cpepHux (k-means)
Anroputm

1. Beibparts k
2. Mnmymanmamposarts k ueHTpoB (Hanpumep, cnyyaitHbiM 06pa3om)

3. Pacnpepenuts ToukM No Knactepam: KAXKAYHO TOUKY NPUCBOMTbL K KIACTEPY C
ErIVMXKAMLLIMM K TOUKE LIEHTPOM

4. MMepemectntb LEHTPbI, 4TOBbl OHU BEHTCBUTENBHO ObINU LEHTPOMM MOMYUMBLUMXCS

KNaCTepoB

5. Ecnm xots 6bl opuH LeHTp noMeHsncs Ha ware 4, nepeitm K wary 3

Java gemo:
http://home.dei.polimi.it/matteucc/Clustering/tutorial _html/AppletKM. html

/
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http://home.dei.polimi.it/matteucc/Clustering/tutorial_html/AppletKM.html
http://www.cs.washington.edu/education/courses/cse576/08sp/lectures/segment.pdf

Metop k-cpeghux: war 1

Distance Metric: Euclidean Distance

5
IS IS
A IS ‘0’
Ck ®
1 IS
IS
3
IS
. O
2 S 4
® IS
® IS
1 o‘ o :
oo ka ® o
O I I I
0 1 2 4 5
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Metop k-cpeghux: war 2

Distance Metric: Euclidean Distance
5
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Merop, k-cpepgHux: war 3

Distance Metric: Euclidean Distance
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Mertop k-cpepHux: war 4

Distance Metric: Euclidean Distance

5
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Merop, k-cpepgHux: war 5

Distance Metric: Euclidean Distance
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CermeHtaums metrogom k-cpeghux

« K-means clustering based on intensity or color is essentially vector quantization of
the image attributes
e Clusters don't have to be spatially coherent

Image Intensity-based clusters Color-based clusters




[lobaeneHue npocTtpaHcTBeHHOMU MHPOpMALUM

* Cluster similar pixels (features) together

r ™
R=0
G=200
B=20
X=30
(Y=20 |
. Distance based
R=15
o150 on color and
B=2 T
20 position
Y=400 R=3
~ - G=12
B=2
X=100
[ Y=200 |

Source: K. Grauman @
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Cermentaums metogom k-cpegHux

*Clustering based on (r,g,b,x,y) values enforces more spatial coherence

32 © Copyright 2012 Hewlett-Packard Development Company, L.P. The information contained herein is subject to change without notice. Sllde credi’r' Llhl Ze|n|k Monor w



k-Means: fOCTOMHCTBA U HE[OCTATKM

e [loctomnHcTBO
* [1pocrora

* HepocraTku

« Converges to a local minimum of the error function (pewwenue: K-means++)

Memory-intensive
Need to pick K
Sensitive to initialization

outher

Sensitive to outliers

|ll

Only finds “spherica
clusters

outher

¥

(B): Ideal clusters
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Mean-shift for image segmentation

Useful to take into account spatial information
« instead of (R, G, B), runin (R, G, B, x, y) space
« D. Comaniciu, P. Meer, Mean shift analysis and applications, 7th International Conference on

Computer Vision, Kerkyra, Greece, September 1999, 1197-1203.
— hitp://www.caip.rutgers.edu/riul /research/papers/pdt/spatmsft. pdf

More Examples: http://www.caip.rutgers.edu/~comanici/segm_images.html

/
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Slide credit: http://www.cs.washington.edu/education/courses/cse576/08sp/lectures/segment.pdf



http://www.caip.rutgers.edu/riul/research/papers/pdf/spatmsft.pdf
http://www.caip.rutgers.edu/~comanici/segm_images.html
http://www.cs.washington.edu/education/courses/cse576/08sp/lectures/segment.pdf

Mean shift algorithm

The mean shift algorithm seeks modes or local maxima of density in the feature space

Feature space
(L*u*v* color values)

50

100
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Mean shift clustering/segmentation

* Find features (color, gradients, texture, etc)
* Initialize windows at individual feature points

e Perform mean shitt for each window until convergence
* Merge windows that end up near the same “peak” or mode

-20 - : e o :
20 30 40 50 60 70 80 80 100
o

(@) (b)

NORMALIZED DENSITY

o o ©
o n £ o
\f'

o
=1
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Mean shift

Search
window

Center of
mass

- Mean Shift

~

® vector
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Mean shift

Search
window

Center of
mass

Mean Shift

® vector
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Mean shift

Search
window

Center of
mass

Mean Shift
o vector
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Mean shift

Search
window

Center of
mass

Mean Shift

® vector
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Mean shift

® Search
9 ® ° ® window
® ® ®
® ® Center of
® mass
®
PY ®
®
®
®
®
° ° ® e o Mean Shift
o vector
/
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Mean shift

® Search
9 ® ° ® window
® ® ®
® ® Center of
® mass
®
PY ®
®
®
®
®
° ° ® e o Mean Shift
o vector
/
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Mean shift

43  © Copyright 2012 Hewlett-Packard Development Company, L.P. The information contained herein is subject to change without notice.
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Center of
mass



Mean shift clustering

*Cluster: all data points in the attraction basin of a mode
* Attraction basin: the region for which all trajectories lead to the same mode

44  © Copyright 2012 Hewlett-Packard Development Company, L.P. The information contained herein is subject to change without notice.
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Mecm shlft segmentahon results

http://www.caip.rutgers.edu/~comanici/ MSPAMI/msPamiResults. html @
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http://www.caip.rutgers.edu/~comanici/MSPAMI/msPamiResults.html

More results
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Mean shift: poctouncTBa n HegocTatkm

* [loctomHcTea
— Does not assume spherical clusters
—Just a single parameter (window size)
—Finds variable number of modes
—Robust to outliers

* HepocTtatkm

— Output depends on window size
— Computationally expensive
—Does not scale well with dimension of feature space

47 © Copyright 2012 Hewlett-Packard Development Company, L.P. The information contained herein is subject to change without notice.



Probabilistic clustering

Basic questions

* what's the probability that a point x is in cluster m?
 what's the shape of each cluster?

K-means doesn’t answer these questions

Basic idea

« instead of treating the data as a bunch of points, assume that they are all generated
by sampling a continuous function

e This function is called o generative model

— defined by a vector of parameters ©

/
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http://www.cs.washington.edu/education/courses/cse576/08sp/lectures/segment.pdf

Expectation maximization (EM)

L Lt

Goal

« find blob parameters O that maximize the likelihood function:
P(data|0) = || P(z|0)
Approach: T
1. Estep: given current guess of blobs, compute ownership of each point
2. M step: given ownership probabilities, update blobs to maximize likelihood function
3. repeat until convergence

EM demo: http://Icn.epfl.ch/tutorial /english/gaussian/html/index.html

/
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http://lcn.epfl.ch/tutorial/english/gaussian/html/index.html
http://www.cs.washington.edu/education/courses/cse576/08sp/lectures/segment.pdf

Uepapxuueckas knacrepusanms
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Mopgenb ans meTpuyecKoro NPoCTPAaHCTBA

Korga Het BekTopoB NPU3HAKOB, KAK TAKOBbIX, O €CTb TOMbKO 3HAUEHUE YHKLMM
paccTosHus/nogobus ans kaxkgon napsl nukcenen: d(-,°)

Hanpumep:
d(m,m) >> d(m,m)

notomy uto mexxay [l v [ et rparmupi,
a mexay [ v [l ecrs.
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MopenuposaHue npu nomoLum rpacos

/
Slide credit: O. Carmichael w

ubject to change without notice
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Automatic graph cut

Fully-connected graph

* node for every pixel

e link between every pair of pixels, p,q
* cost ¢, for each link

— €,q Measures similarity

o similarity is inversely proportional to difference in color and position

/
53 © Copyright 2012 Hewleft-Packard Development Company, L.P. The information contained herein is subject to change without notice. @
Slide credit: http://www.cs.washington.edu/education/courses/cse576/08sp/lectures/segment.pdf



http://www.cs.washington.edu/education/courses/cse576/08sp/lectures/segment.pdf

Segmentation by Graph Cuts

Break Graph into Segments
* Delete links that cross between segments
» Easiest to break links that have low cost (similarity)

— similar pixels should be in the same segments
— dissimilar pixels should be in different segments

/
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http://www.cs.washington.edu/education/courses/cse576/08sp/lectures/segment.pdf

Min cut

Link Cut

e set of links whose removal makes a graph disconnected
« cost of a cut:

cut(A,B) = Y ¢pg
. . pEA,qEB
Find minimum cut

e gives you a segmentation

/
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http://www.cs.washington.edu/education/courses/cse576/08sp/lectures/segment.pdf

But min cut is not always the best cut...

/

|deal Cut

... and it is NP-complete

56 © Copyright 2012 Hewlett-Packard Development Company, L.P. The information contain
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Normalized Cut

Normalized Cut
e a cut penalizes large segments
 fix by normalizing for size of segments

cut(A, B) cut(A, B)
volume(A)  wvolume(B)
« volume(A) = sum of costs of all edges that touch A

Ncut(A,B) =

/
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http://www.cs.washington.edu/education/courses/cse576/08sp/lectures/segment.pdf

[Mpumepbl cermeHTaumm

Graph-based results

Normalized
Cuts
Features =
Intensity
histograms

Normalized Cuts for Spinal MRl Segmentation
Julio Carballido-Gamio, Serge J. Belongie, and

Sharmila Majumdar
ght 2012 H ment Company, L.P. The information contained herein is subject to change without notice. S||c|e credii: O. CGrmiChGel @




[Mpumepbl cermeHTaumm

Graph-based results

Normalized
Cuts
Features =
Intesnsity

MNormalized Cuts and

Image Segmentation
Shi and Malik
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[Mpumepbl cermeHTaumm

Graph-based results

Normalized
Cuts
Features =

Normalized Cuts and Image
Segmentation
Shi and Malik
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Ucnonb3zosanue rpados

[onHoceasHble rpadsl cogep>Kar MHPOPMALMIO 06 OTHOLLEHMSX 4N1s BCEX
BO3MOXKHbIX MAP MUKCENeN
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Ucnonb3oBanue 2-D peluetku

2-D pPeLleTKa CofepPXXuT MHd)opMGumo TONMbKO 06 OTHOLLIEHMSX cocegHMX
nuKcenen

MopgenvpoaHue npu nomoLm MapKOBCKMX CyUYaiMHbIX NONe

(Markov Random Fields, MRF)

62 © Copyright 2012 Hewlett-Packard Development Company, L.P. The information contained herein is subject to change without notice. Sllde Cred”: O. Ca rmiChGeI @



Marematnueckme mogenm

Knacrepebi B [NonHoCBA3HbIM

NPOCTPAHCTBE rpaé
MPWU3HAKOB %

2-D pewertka Mtoxkectso

perMoHoB

ﬂ
- s s s
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Metoppbl cermeHTaUUM «CBEPXY-BHU3Y

[ebopmmpyembie KOHTYPb!
Deformable contours/active contours/snakes

* Ecrv u3sectHo, CKOMbKO CErMEHTOB XOTWUM BBIGENUTL HO M3OBPAKEHMM
» Ecnu ectb BO3MOXXHOCTb MONY4YMTb HOYANBHOE NPEACKA3AHME, FAe NMPOXORANUT KOHTYP
 Ecnm cermeHTbl MMELOT OTHOCHTENBHO NPOCTYHO POpPMY

 Ecnm ectb BO3MOXHOCTb NOMTyuMTh BBOQHYHO MHGOPMALMIO O MOSb3OBATENS

Lei He, Zhigang Peng, Bryan Everding, Xun Wang, Chia Y. Han, Kenneth L. Weiss, William G. Wee,
A comparative study of deformable contour methods on medical image segmentation,

Image and Vision Computing 26 (2008) 141-163 @
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[edopmupyembie KOHTYpbI
[logzapaun: napametpusaums

« Kak matematMueckn onmcatb KOHTyp?
Ckornbko napametpos notpedyercs 3aaaTh?

s/

Kaxkpgas Touka KoHTypa
MMeeT KoopaMaHTsl (xi(s), yi(s))
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[edopmupyembie KOHTYpbI

» Kak maremaTtnyeckn 3a0path, KOKMM HOM XOYETCS BMOETb KOHTYP?
Hanpumep:
e Yro6bl BOOMb KOHTYP HOXOAMICS B TOYKAX CUIBHOMO Nepenapa SpKoCTH

* Yro6bl KOHTYP ObIN HE CNOXKHbIM
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[edopmupyembie KOHTYpbI
[logzapaum: ontMmmsaums

o [logo6pats napameTpsl 4is KOHTYPA TAK, YTOObI MMHUMMU3MPOBATL SHEPTUIO KOHTYPA
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MNapametpusauus

 KycouHo-nuHelHble GyHKLMM
« CnnaiHbl
* Onucanue cnektpa (Pypbe, Beitnetsi)
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3apaHue 3Heprum KOHTypa

Iinfernda Image user

E = ja(s)Et + L(SYE  +y(s)E  ds

E. iernal — BHYTPEHHSS SHEPrUS KOHTYPA, 3000ET XKeNaemble CBOMCTBA KOHTYPd BHE

30BMCMMOCTM OT CBOMCTB BHYTPEHHEH 0BnacTy
Hanpumep:

* HenpepbiBHOCTb KOHTYPO — MUHMM3ALMS NEPBOM NPOU3BOLHOM
e [nopkocTb KOHTYPA — MMHUM3ALMS BTOPOM NPOU3BOOHOM
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3apaHue 3Heprum KOHTypa

Iinfernda Image user

E = jcz(s)E f

E

image ~ 3a0aet >xenaemblie CBOMCTBA BHYTpeHHeM/BHeLLIHeM obnactu

Hanpumep:
 [lepenap fpkocTM — MOKCUMM3ALMSA TPARMEHTA SPKOCTH
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+P(S)E  +y(s)E ds



3apaHue 3Heprum KOHTypa

Iinfernda Image user

E = ja(s)Et + L(SYE  +y(s)E  ds

E

— 3a00€T AONOJTHHUTENbHbBIE BHELLUHUE YCIOBUA

user

Hanpumep:

« Habop KOHTpOnbHbIX TOUEK M MUHUMM3ALMS,/ MOKCUMM3ALMS PACCTOSHUS O HUX
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Ontumuzauums

[papueHTHBbIN cnyck
1. NMwem MMHMMYM 3HEPIMKU — TOUKY, rOe ee NPOU3BOLHAS PABHA HYIIHO
2. [epemelyaem KOHTYp MO HOMPABMNEHWUIO YMEHbLUEHUS TPOAMEHTA SHEPTUM

3. [losTopsem war 2 go 1ex Nop, NOKa HE OKAXKEMCS B TOUKE MUHMMYMA
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Berkeley Segmentation DataSet [BSDS]

D. Martin, C. Fowlkes, D. Tal, J. Malik. "A Database of Human Segmented Natural Images and its Application to
Evaluating Segmentation Algorithms and Measuring Ecological Statistics", ICCV, 2001
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http://www.cs.ubc.ca/conferences/ICCV/

3aKnro4yeHume

* Bottom-up

OnpepeneHune kputepmes «0BLHOCTHY

[locTpoeHne matemaTnyeckon mogenm

Hatm pelwenure B Bi6paHHOM Mogenm

e Top-down (active contours)

[Napametpuszaums

[MoctpoeHue PyHKLMM SHEPTMM KOHTY PO

Ontumusaums
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