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Image Segmentation

e Segmentation: identifying the pixels of an
object of interest

* Not solvable in its generic form, due to :
— Variety of appearances of different instances of an object
— Varying conditions of illumination and contrast
— Varying relevant geometry between object — camera



Segmentation using
total thresholding

The method assumes there are 2 classes of pixels with
different values.

e Athreshold T is selected :
* For each pixel (/,j) of image |
e IF I(i,j) >=T,
THEN /(i,j) =1 (pixel belongs to object)
ELSE /(i,j) =1 (pixel belongs to background).



Example of total thresholding of a CT image




Segmentation using T= 35 Segmentation using T= 135



Napadeypa elkovog pe 6U0
KOTOVOLLEC pixel: avTikelpevo

(tvevoveg) kat urtoBabpo

, ¥
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ApXLKN ELKOVQL lotoypappa



Tunuotomnoinon pe KatwdpAiwon: H uebodoc Ridler
Calvard

e EmAgyetol we KaAtwdAL N LECN TLUN TNC ELkOVAC /.
* Emavalofe

— YmoAoyi{ovtal Ol LECEG TLUEG Uy KOL [, TWV 2 KAACEWV
pixel mov dnulovpyouvtal oo To KATWhAL.

— EvnuepwveTal N TN tou katwdoAiou:

1

TZE(:“O "':Ul)

000 n TN tou KatwdAiou sival dtadopn NG
IPONYOUEVNC TLUNC KATwdALOU



olnon pe tnv peBodo Ridle
EmavaAnyn 1

oV KaTtodAL

3.5625

20N TN pixels>TpExov katopAL | 6.667
€on TN pixels<=Tpéxov KatopAt | 1.7
=0 KATOPAL 4.1833




olnon pe tnv peBodo Ridle
EmavaAnyn 2

oV KaTtodAL 4.1833
20N TN pixels>Tpéxov katopALl | 8
€0n TN pixels<=Tpéxov katoPpAt | 2.083
£0 KATOAL 5.0417




oinon ue tnv néBodo Ridle
EmavaAnyn 3

XOV KATOPAL 5.0417
on TN pixels>Tpexov katopAl | 8

con TN pixels<=TpExov katodAL | 2.083
5.0417

0 KOTOAL




olnon pe tnv peBodo Ridle
EmavaAnyn 3

oV KaTtodAL 5.0417
20N TN pixels>Tpéxov katopALl | 8

€0n TN pixels<=Tpéxov katoPpAt | 2.083
5.0417

=0 KATOPAL




Mapatnpeiote OTL 0 OUPAVOG

dev €xeL TunpatonolnBel
owOoTA.
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Edappuoyn tou nponvobuezvof) a)&%i@&oJ Kall n €€EALEN TNG APLOUNTLKNG

TLUNG Tou KatwdAilou oa cuvaptnon Twv enavaAnPewy.




Tunuatomoinon pe KatwdAiwon: H
nebodoc Otsu

Eotw elkova e L SUVOTEC TIUEC, LOTOYPALLO N KOL KOLVOVIKOTIOLNLEVO
LOTOYpOLUpA p.

H elkova epLexel Vo katavopueg pixel mou avtiotoloUv 0TO OVTLKELLEVO
MPOG TUNpatomnoinon kat oto urtofabdpo. O duo katavoueg C,, C;
xwpilovtal amno eva KatwdAL k.

[TBavotta va aviketéva pixel otic khaceg C,,C,

W, :iZ::pi =w(k),0 = ZL: p =1-w(k)

i=k+1
Méon tiun tevpixel tov khdoewv C,,C, :
K

LS =£K) L 3 ip Sl

,Uo:;()i:l a)(k)’ﬂl:aizku l-w k)




Awiortopd twv pixel tov khdoewv G, C; :

=—Z ) B,

o i=1
: 2
B — Z (I_ﬂl) o;
@) j=k+1
polopa tnE SLaommopdc Twv Vo KAAoEWV (fexwplota)
2 2
O, = 0,0, + 0,0;
OTIOP AL LETOEL TwV SVO KAACEWV
2 2 2 7
Opg = a)o(,uo _/UT) +w1(/~‘1 _/”T) > a)Oa)l(:u’.L _:Uo)
ODAL ETUAEYETAL N TLUA TOU kK TTOU LEYLOTOTIOLEL TNV TTOCOTrK



Napadelypo ekteEAeonc TtnC pebodou
Otsu
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8.0000
8.0000
8.6667
8.6667
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itial Image
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thresholded image
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AUVOLULLKOC UTTOAOYLOMOC KaTwdALOU

* Je meplntwon mou to urtoPabpo petafarAetal, ivol aduvato va
Bpebel eva katwddAL tou av epapUooTeEL o€ OAN TNV ELKOVA VOl
TLNLOITOTTIOLEL TO QVTLKELMEVO. 2€ AUTH TNV TEPLTTWON:

— Opiletal pia meploxn peyebouc (2w+1)x(2w+1).
— [ kaBe pixel p TNC eLkOVAC
* YmoAoyiletal to KatwdAl w¢ ouUVAPTNON EVOC N TIEPLOCOTEP WV
OTOTLOTIKWY HEYEOWV TWV TLUWV TNE ELKOVAC EVTOC TOU
TpEXOVTOG apabupou, OTwe: Heon Twun (mean), evélapeon
i (median), péylwotn (max), eAaxiwotn tTwun (min), TUMIKA
arokAlon (o), uTtoAOYLOUEVWY TOTILKA. EVOELKTLKOL TpOTIOL
uTtoAoyLopoU Tou KatwddAiou:
max (R )+ min(R)
-
2
T =mean(R)+wo (R)
e Av I(p)>T > I,(p)=1 ELSE /,(p)=0




Avvopikn KatwdAiwon pe
Oladopetika peyEON mapabBupou
(2w+1)x(2w+1).

To peyeboc w mpemelL va eival
ovVAAOyo Tou HeYEBOUC TOU
OLVTLKELLEVOU TTOU TIPETIEL VAL
TUNUoTornolnBeL.

AmntotéAeopa katwdAlwong pHe
ULKPO pEyeBoc mapabupou (w).

Initial Image

Anotéleopa katwdAlwong pe
KatdAAnAo péyebog napabupou
(w). Mapatnpeiote otTL O
oUpAVOG EXEL TUNMATOTIOLNOEL
owoTa.




Initial Image
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Tunpatomoinon latpltkwv Elkovwy

* MegBoboc avamtuénc eploxwv (region
growing):

— Eotw gwova /(x,y) kat onpeto (xq,Yo)

— 2TOX0C: eVpeon pixels tov avnkouv otnv oL
TLEPLOXN ME TO (X4, Vo)

— Kpttnpto: pixels mou avnkouv otnv oLa epLloxn
£XOUV TTOPOOLO XpWHLOL



YAomoinon tn¢ nebodou avamtuénc
TIEPLOY WV

H neBodoc avamtuéng nepLoXwv TULNHUOTOTOLEL EVA AVTLKELLLEVO OE Uiat
ELKOVQ UTTO TNV IpoumoBbeon OTL:

Assumptions
One pixel (x0,y0) is given, inside the object of interest
A similarity measure between pixels is defined

The algorithm uses a Q, initialized by pixel (x0,y0), that stores the neibs
of the current pixel.



y0, tol
nary image BW
(size(I)) // Object label
alize Q = (x0,vy0)
yy0)=1 // Q0 is (x0,y0)
tialize Apxlkomoinoe 1n METAPANTH WEON_TLPN_OVTLKE LY

LE QO not empty

. Extract the 15* pixel from Q kol set the current pixe
as (x0,vy0)

2. Update the average value of the object segmented so

1.TF p inside I AND

abs (I (p)- péon _tipn oavilkeLlpgvou)<=tol
AND BW (p)==0 THEN
INSERT p in Q

Set p as “Object” : BW(p)=1
TEAOX




* The criterion for inserting a pixel in Q is usually the following :
— To p has not already been selected B(p)=0
— The value /(p) satisfies a similarity condition, such as:
e abs(/(p)-/(p0))<T.

* The absolute difference of /(p) and the average object
value does no exceed a threshold ~ of the standard
deviation of the values of the selected object pixels.



ary application of Regio
[@eolamn [ drow
value 0
0




MARBo¢ pixel
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Méon tun pixel MARBo¢ pixel
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Q otiAn

Q ypoppn

Méon tun pixel MARBo¢ pixel
OLVTLKELLEVOU OLVTLKELLEVOU
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QotAAn Q ypappn
\

Méon tun pixel MARBo¢ pixel
OLVTLKELLEVOU OLVTLKELLEVOU

9,25 4
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QotAAn Q ypappn
\

Méon tun pixel MARBo¢ pixel
OLVTLKELLEVOU OLVTLKELLEVOU
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QotAAn Q ypappn
\
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Méon tun pixel MARBo¢ pixel
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QotAAn Q ypappn
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QotAAn Q ypappn
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QotAAn Q ypappn
\

Méon tun pixel MARBo¢ pixel
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QotAAn Q ypappn
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\

Méon tun pixel MARBo¢ pixel
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To amoteAeoUO TNE TUNHATOTIOINONG




Application of the Region Grow algorithm in real image

Initial CT image Result of Region
Grow



Active contours (AC) - Snakes

Deformable curves

Initialized by the user close to the object of interest.
After a number of iterations the AC converges.

The final shape segments the object




AC may converge to a wrong position / shape

OT: The time step in the discrete equation that defines the
evolution of the curve :

— Small: 2 many iterations -explicit evolution, low
complexity (computational and algaibraic)

— Large: - fewer iterations -implicit evolution, high
complexity

We will study the explicit evolution



The snake may by expressed as a curve, parameterized by s.
At certain values of s, the equation defines a “node” of the
snake

The curve evolves with time t (changes shape),

v(s,t)=v,(8)=(x(5), ¥, (5),2(5))’

Two different energies are defined at each node:

— Internal and

— External energy

. H ouvoAlkn evepyetla tou snake eival to aBpolopa yia Kabe
KOuBo



The snake evolves so that it minimizes its total energy

Internal energy: drives the nodes to be equally spaced,
smooth shape

— Elastic potential energy: increases as the nodes move away
from each other

— Snake tension: increases energy when the curvature of the
snake increases

External energy: defined by the image, so that the snake
converges to the object of interest.



: Eowtepikn Suvapkn v

TEPLKN OUVOAULKN EVEPYELO TOU shake
Evepyela eAaotikotTnTaC: MPOKAAEL cUOTOAN TOU snake

— Evepyela Aoyw taong: epmodilel to snake va yivel
teOAaopEvVn ypoupun

Internal Force due to
energy energy
minimization

Elastic ~a(s)|v(s)|? Snake a(s) v(s)
contraction

Tension ~B(s)|v.(s)]? Resistance to B(s) v....(s)
bending




Snake: E¢wteplkn Suvallkn EVEpPYELL

To snake Kiwveltal €toL wWoTe N TeEALKN TOU BECON VOl CUUTIECEL UE
T 6oun evoladEPOVTOC OTNV ELKOVAL.

[l va cupBel auTO MPEMEL vaL 0pLOTEL KATAAANAQL N SUVOLLLKN
gvepyela (Lood. duvaun)

Yrtapxouv moAAot oplopol, o armAoVotePOC €lval:
2
P(s)= —c(s)‘VI (p(s))‘
EAKEL TO snake o€ epLOYEC Le akUeEC (VP NAEC TIMEC image

gradient)



Ol SuvauLkee evepyelec uTtoAoyilovtal o kaBe kopuBo tou snake
(e€aptnon armo tnv mapAapeTpo s Tou snake)

OL cuvteleoteg afs), B(s), c(s) kaBopilouv tn oxeTikn BapuTnta
KaBe opou

EAaxlotomoinon kaBe 0pou tn¢ SUVAULKNG EVEPYELOC ELOAYEL QTTO
gVl OpO «dUvAUNG» n omola aokeita oe kaBe onueio Tou snake ko
«KLVEL» TO Shake petaty dltadoykwy emavaAnPewv

H Mepikn Atadopikn e€icwon (MAE) tou snake:
ov(s,t)
ot

=av"(s,t)— Bv""(s,t)+f,. (v(s,t))



ELKOVOL Twn NG ESWTEPLKAG
SUVOULKAG EVEPYELOC

Mebio duvape
, SUVOLKN EVEP
P(s)= —|VI (p(s))| TNG YVWOTHG




Snake: Computational Implementation

* Derivative approximation by finite differences.

— 2"d order
V'(s,t)=v(s+Lt)-2v(s,t)+v(s-1t)

— 4th order
v"'(s,t)=v(s+2,t)—4v(s+Lt)+6v(s,t)-4v(s—-1t)+Vv(s—2t)
e Discretization of the PDE

v(s,t+1(3t—v<s’t>:v(s_z,t><—m+v<s—1,t><a+4ﬂ>

+Vv(s,t)(-68-2a)+v(s+Lt)(a+4p8)+Vv(s+2,t)(—B)+F.




EvaAAakTikol TpOmotL UTToAOYLOOU TNG
Klvnonc tou snake

e EKTOC OtO TOV OpLOHO SUVAUEWVY, UTTOPEL Val
ePOPUOOTEL:
— «greedy» aAyoplBuoc tov avalnta tnv B€on UE
TNV Min evepyela o€ kKaBe kopPo tou snake

— AAyopLBpol mou Bacifovtatl o SUVALKO
npoypappatiopo (dynamic programming — viterbi
algorithm) ywa tnv eUpeon tng emopevng Beong
kaBe kopPou tou snake



Edappoyn oe 3D: evepyec eMLPAVELEC
- active surfaces (AS)

* H peBodboc tou snake emekteivetal o€ 3D:

— AVTL TTEPLYPAUMOTOC, XPNOLULOTIOLELTOL EMLPAVELQL
(2 mapapetpol, s kot u)

— Avtl 276 kat 41S taénc mapoywyLtonc we mpocg s (1
noPApETPOC snake) eppapdlovtal oL TEAEOTEC

L oVt o°V POV

+ 4.t -
os®>  ou’ Vv (s.u) os* y ou*

VAv' (s,u)

— O 0poC TNC EEWTEPLKNC SUVOULKNG EVEPYELOG
vurtoAoyiletal o 3D
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Clustering: n nebodoc
mean shift

Mia pe@odoc mou epapuoletal o€ povielomnoinon,
opadomoinon (clustering), dtakprtwv dSedopuevwy

AVOKQAUTITEL KEVTPO KAQCEWVY, XWPLC ToV KBopLoUO ToU
TANBoUC TWV KEVIPWV
Optletal upnvoc (Kernel K) mou otaBuilel tnv
ONUOVILKOTNTO EVOG CNIELOU P, YLOL TO TPEXOV CNUELD Py
2uvnBwg K glval ykoouolavn KoL n TapAUETPOG O i, KAOOPLLEL
10 HEYEDOC TNC ImepLoxnC ou AapPavetol urtoyn

_d(p,po)

Kdist (p’ po) =€ 2
Q¢ PeTpLKA TNC atootaonc oto feature space opiletol n

oy d(p.py) = Ip—po|




Implicit active snakes
Level-Set method

* |nvented in 1988 by Osher and Sethian:—Stanley Osher and
James A. Sethian. Fronts propagating with curvature-
dependent speed: algorithms based on Hamilton-Jacobi
formulations.). Comput. Phys., 79(1):12—-49, 1988

 Represent a curve c(x,y)=0 by a surface ®(x,y)=z, at any given
level of O:

— O(x,y)=z2 c(x,y)=0



ontours drawbacks:

Node distribution Sharp corners Topology changes




2.5 Summary

e Level sets:
— function y : [0, 1,igen | X[ O, lheigneJ XN >R
(x,y,t)—=>wyxyt)
— embed a curve y: y(t) = { (x,y), w(x,y,t) =0}
— v(0) is provided externally, y(x,y,0) is computed

— y(x,y,t+1) is computed by changing the values of
y(x,y.t)

— changes using a product of influences

— on convergence, Y(t..4) is the border of the object

* |ssue:
— computation time (improved with narrow band)



2.1 Introduction to LS

Usual choice for y: signed distance to the front y(0)
£ d(x,y, v) if (x,y) inside the front
y(x,y,0) = {10 “ on
| d(x,y,y) “ outside

o

o

y(xy. 1),

g|ld|lw|dph]|dD|lwWIN|[R]|RLR|IDD]| WD
O[O DWWV WD O

ol |ldlwINDNINDNINDN WM O|O]|N

gld|lw|N|[~r][Rr][~R][D|lw|[DM|O]| O

4

_—Tn |-

w(xy.1) v(1)

»




2.1 Introduction to LS
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* |nitializing ®(x,y,t), at t=0, as the signed
distance function




Changing @ to evolve C

* |t can be proven that if @ evolves with appropriate
force field, ob -

—+F-VO =0
ot
* the level set curve C will also evolve as desired
oC =
—=F'n

e |f Fis parallel to thePhormal vector n of C, which iIs

the direction of steepest ascend (descend) of @&:

R, Y
Vo

:>a—¢+FE-Vq5=0:>a—¢+FHV¢H:0
ot |V ot



2.2 Equation of motion

e Equation 17 p162: product of influences

(F, o) [V =0

extension of the

speed function k;
(image influence)

local curvature x
(contour influence) N

3

constant “"force" |
(balloon pressure) 2 dl\{v WJ

‘/ l \ spatial
y(x,y,1+1) - y(xy.1) .l . derivative
smoothing "force of
depending on the i

link between spatial and temporal derivatives,
but not the same type of motion as contours!




2.2 Equation of motion

e Speed function:

— k, is meant to stop the front on the object’s boundaries

— similar to image energy: k/(x,y)=1/(1+ || VI(xy) || )

— only makes sense for the front (level set 0)

— yet, same equation for all level sets
—> extend k, to all level sets, definingkI

— possible extension:

K (X.y) = ke(X'y')
where (x')y') is the point in the front closest to (x,y)

(such a /IiI (x,y) depends on the front location )



Vo
G(p) = —||V|div (W—)
() = ~IVepldiv (W2

S — O _ 1G(p1)
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Tunuatomoinon: n neBodoc
mean shift

H neBodoc pmopet va uAomotnBel £ToL wote ekTeAEL
TUNUatomoilnon

Opiletal mupnvag yla tn dtadopa twv TLpwv Twv pixel v=I(p),
Vo=I{Po (v-vo)

B 2

K, (V,V,)=Ae **

A: TETOLO WOTE To ABpolopa Twv oToLxeElwv Tou K va elval too
ue 1

MropouUv va xpnotpomotnBouv kal pn ykaovotavol K
H napapetpog o, kaBopilel Tnv aktiva TLpwV Twv pixel mou
AappBavetol vrtoyn



while (NOT(termination condition))

For each image pixel p, with value v
Find pixels p with K(p)>0

Calculate: Z K Z |

peN
peN

Set p: /;,(p)=a
[€1,.
end

NOT(termination condition : maximum number of
iterations, OR minimum change of the segmented image
between 2 iterations
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D. Comaniciu and P. Meer. Mean shift: A robust approach toward feature space analysis. IEEE Trans. Pattern Anal. Machine Intell.,
24:603—619, 2002. Available at http://www.caip.rutgers.edu/riul/research/papers/pdf/mnshft.pdf



AAyoplOpuoc peylotnc nilBavodaveLlac
Expectation Maximization -EM

* Eotw OTL exoupe eva mANBoc¢ N deypatwy mou
npogpyovtal amno K dtadpopetikolc
nAnBucopolc =2 akoAouBoUv K ocuvaptnoEeLC
nukvotntac nibavotntog -pdfs

* YKOTTOC ELvOlL VoL TtPOOOLOPLOOUE TLC
TTOPOAMETPOUC KABE KOTOVONC KOl VoL BPOUE
OUTTO TTOLOL KOLTOLVOLN) TIPOEPXETOL TO KOLOE
delypa



The Problem

* You have data that you believe is drawn from
n populations

* You want to identify parameters for each
population

* You don’t know anything about the
populations a priori

— Except you believe that they’re gaussian...



an Mixture v

han identifying clusters by “neare

et of k Gaussians to the data
imum Likelihood over a mixture model

t = 384, current sol = 796.5325, global sol = 795.7721,d=2







Mixture Models

* Formally a Mixture Model is the weighted sum
of a number of pdfs where the weights are
determined by a distribution, 7

p(z) = mo fo(z) + m f1(z) + w2 fa(z) + . .. + 7k fr(2)

k
where E i — 1
i=0

p(r) = Z T




Gaussian Mixture Models

e GMM: the weighted sum of a number of
Gaussians where the weights are determined
by a distribution, 7

i) = WoN(ZC’;l:Q, Yo) +mN(x|pur, 1) + ... + 7 N(x|pr, 2k)

where E iy — 1
i=0

k

p(z) = > miN (aljn, £




| -‘ LE Gaussic
Models -GMM




Harris corner detection

The Harris corner detection [Harris C., Stephens M., ALVEV Vision
Conference, 1988] is based on approximating partial image
derivatives with convolutions with gaussians, where o, is the
standard dev. for the differentiation

x2+y2

(i3~ Z0(00)*1 (59 3(00) g nd 8

B 2
270

The following Table M is constructed, using a gaussian with g, for
integration, with 0,=0.70,
Ix,,D2 I (X, ¥,0p5 )1, (XY,
o (L.(xy.05)) (% ¥,00)1, ( yz%)

L (X, y,05)1,(X,Y,005) (1.(x,y.05))

Corner pixels are detected by thresholding the following quantities:
— det(M)-k(trace(M))?, 0.04<k<0.06
— det(M)/trace(M)



Corner Harris detection with different
derivative approximations

IR 10,8



T

lIR derivative mask with order of accuracy=10

the 7-point FIR derivative mask generated by the proposed algorithm



Harris-Laplace corner detection

Harris detector is rotation and intensity invariant

Harris-Laplace is in addition scale invariant [K. Mikolajczyk, C.
Schmid, IJCV 1(60), 2004, ICCV 2001].

The corner response is calculated at each pixel and for
different scales (o, 0))

Non-maximum suppression is applied to keep only one corner
point in the surrounding area, for each scale

The Laplacian of Gaussian (LoG) of /(x,y) is calculated for
different scales (size of neighborhood masks)

If a point detected as corner by the Harris detector at a scale,
has a local maximum response of the LoG at the same scale,
then this point is accepted as corner.



Example of the application of Harris-Laplace

The points of interest that have been identified are illustrated in the
figure, along with their estimated scale (radius of circle =30, o the

standard dev. of the LoG mask size that produced maximum
response).

Derivative of Gaussian



Tunuatomolnon ayyelwyv
Vessel segmentation

* Ayyela amelkovilovtal o TTOAAQ €i0n e€etaoewy, o€ 2A Kall
3A.

e http://www.isi.uu.nl/Research/Databases/DRIVE/results.php

Eyxpwun ewova apdpipAnotpoeldolg Ayyeia TUNUATOMOLNMEVA ATTO ELOLKO



WHETPLOC

LKOVOG HE PWTELVO

Bodo¢ Baoiletal otnv Bewpnon TNG ELKOVOLC
LbavELQ KOl OTLG LOLOTNTEC mq 6Lac|>opu<r]q



Tunuatomolnon ayyvelwv BaclopeEvn
otov Hessian Ttivaka tThC ELKOVOC

[l kaBe pixel (x,y) TNG elkovac / urtoAoyileton o Hessian mivakog
TIOU TtapEXEL TTANpodopia yia tnv torkn doun (oxnua) tng I.

I : I :
H(x,y;0)= w(6Y) Ly (%)
Ly (0Y) 1y (%0 Y)
O 6eiktec cupBoAilouvv mapaywyton. O UTTOAOYLOMOC TWV

TIOPOYWYWV YIVETOL LLE CUVEALEN LE TNV TTAPAYWYO ULOG
yKOlouoLovnG UE O TNG EMIAOYNAC TOU XPNOTN

2 2
l _X +¥
G(x,y;a):(@(yj 2o

H mapapeTPOC 0 XpNOLUOTIOLELTOL YLO VO ETUAEVEL 1] OLAUETPOC TOU
ayyelou mou Ba tpnuatomnolnOel

1°G (x, y; s)
%

L (X ¥55) =5 (% y)*



Eotw A;, A, oL mpaypatikeg blotipeg (eigenvalues) tou H o€ kabe
pixel (x,y) yla cuyKekpLUEVO O.
A, =max(A;, A,)>>A_ . =min(A,, A,)=>0

g D
=— A =—
-

g :—%(bJrsgn(D))\/Tr2 —4D

— D: opiltouvoa, Tr: ixvoc tou H.

| A, |>>A_. =20KAIA__ >0 TOTE 10 (X,y) QVAKEL OE OKOUPO
ayyeio
| Ao [>>A,., 20 KAI A, <0 TOTE 1o (X,y) avikeL o€ pwTEWVO

ayyeio



odLavuopa pe A, ., kaBopilel TV kateuE
maximum KapmuAotnta

u=(ux,uy),ux_




Vesselness: Oeiyvel av gva pixel elva
o€ ayyelo

 Ta mponyovpeva cuvdualovtal otnv akoAouvBn Ekdpacn mou
TTOOOTLKOTIOLEL TNV TIIBavoTnTa va aviKeL Eva pixel og ayyeio

(ﬂ*r%ax""/?“r%]in) _LM
- 5 2
vesselness=|1—e 2¢ |e 2Pl — AL B

* O0pogA—2>1otav |A, | kau [N |>0 (xpnowpomoteital yLa
va e€atpeoel pixels tov utoBabpou)

e B>10tav |\ |>>kat [N |20

max min



ApxLKn elkova apudLBAnotpoedbolg Juvaptnon Vesselness



lllustration of eigenvector u for A, >0 in the case of an

image with dark vessels, for 0=2.
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u for pixels with A__ >0 the resulting vessel segmentation



KatwdAlwon HE uoTEPNON

 EmAeyovtou 2 katwdAla yia vesselness (TH > TL) are

selected

* To pixel (x,,y,) avnkeL og ayyeio av to akoAouvBo
KpLtnplo Lkawvormoleita—hysteresis thresholding:

V(Xo,Yo) 2 TH OR
( v(Xq,yo) 2TL AND
(Xo,¥o) is connected to pixel with v TH via pixels with v>TL)



Awaypadn pixel mouv dev eival Tomika
LEYLOTA
Non-maxima suppression

e AAyoplBpuoc nmouv epappoletal yia va amopipoupe
rtoA\amtAa cuvOebepeva pixels mou tkovormoLlouv TNV
KatwdAlwon He votEpnoN:

— [ kaBe pixel p mou wavomolel tnv KatwdAlwon
LLE VOTEPNON

* |F vesselness(p)> vesselness kB¢ pixel otn yettovia tou
p, TOTE p elvat ayyeio



Keviplkol afovec Twv ayyeilwv



Eupeon ayyelwv pe petaPAntn SLOUETPO —
n €vvolo Tou

multi-resolution image processing

e OLumoAoylopol yia to vesselness (mivakog H,
LOLOTLMEG A, A,, KATT) xpnotpomolouv Gaussian
TUPNVEC.

e MetafaAlovtoc to o, urtoAoyiletal eva vesselness
yLa kaBe pixel, yio kaBe tun tou o.

* (Qc vesselness ylo kaBe pixel Bewpeital To max Twv
vesselness yla dtadpopetikad o. To 0 PE TO max
vesselness o, elval avaloyo tng aktivag tou
QyVELoU



EvaAlakTtikoc tpornoc Eupeonc
KEVTPLKOU afova TOU ayYELOU

* [ kaBe pixel (x,y) otn /, urtoAoyiletaL n B€on (subpixel) omou
n 15t mopaywyoc katd pAKoc u 20 pundeviletol kat n 2"
TOPAYWYOC TNG /, amoktad uPpnAn amoAutn TLun:

(P (x,¥), B, (% ¥)) = (tO6 Y)u, (%, ¥) L (%, V), (%)),

L, +1,u,

_ 2 2
I, U, +21 uu, +1 uf

* To pixel (x,y) avkel o okoUpa ypapuLky doun, ov o
UNOEVIOMOC TNG TTapoywyou cupBaivel eviog tou pixel

H( Py (X, Y), P, (X, y))”2 <05 |t(x, y)| <05



Tunpatomnoinon ayyeiwv PAcEL YEWUETPLKOU
LLOVTEAOU
Model-based Vessel segmentation

* Hxpnon Hadbnuotikwv/cTaTLoTIKWY LOVTEAWYV TOU
QVTLIKELLEVOU eviladEpovTOoC eival avtiotpodn dtadikaoia
(top-down)

* [EWUETPLKO LOVTIEAO ayyEeLloU: EUBUYPAUO LOVTEAOD LIE
TOPAAANAEC OKUEG, LLE TIAPOUETPOUC:

— EVOL ONPELo TOou Kuplou agova (Xg,Y,), TNV kKatevBuvan 6, To unkog L
Kol tnv aktiva R

Py (t) = (Lcos(8)t+x, +sin(0)Ry, Lsin()t +y, —cos(8)Ry)
P, (t) =(Lcos(8)t+x, —sin(&) Ry, Lsin(6)t+y, +cos(0)Ry)



 KaBe pia armo Tig 2 MOPAUETPLKEC EELOWOELG TIEPLYPADEL piaL
QO TLC TTAEUPEC (QLKMEC) TOU ayyELoU

* To povtelo pmopel va emektoBel, wote va cupumepAaBEL N
gVBUYpPOO KEVTPLKO Atova Kol LeETABOAEC TNC SLapeTpOU (TTX
OTEVWOELG, aveupiopata KATt) —6€v LOXVEL N TTPONYOUEVN

eélowon

gvBuypappoU ayyeiou

MovteAo

Movtélo
VEVIKEUUEVOU OyyEiou



OTLKOTTOLNON TOU TOLPLACHATOC TOU LOVTIEAOU UE TNV
ova (Measure of Match — MoM)

ataokevalovpue 2 ayyeia (ekBetec a kal B) pe LOLeg
OQPOLUETPOUGC, EKTOC QIO TNV aKTiva: To a £xeL 1 pixel> aktl
ou f.

pllouE TNV ocuvaptnon:

MoM, + MoM, if MoM, > Oand
0 otherwi

UCORICA)
UCRUCH)

MoM (xo,yo,e,R):{

MoM, = — (1
N

MoM, =—$"(i
N



Ta 2 ayyela elvall ToTtoBeTNUEVA ETTL TTPOLYLLOLTLKO
£LVOU QYYELOU OTNV £LKOVO TOL CNUELO TOU LOVTEAOU
okovtal o€ pixel pe vPNAOTEPEC TILEC QIO OLUTA TOU
vteAou B (og apdotepec TIc mMAeupEc) 2 to MoM malp
YVOAEC TLUEC



AAyoplBpoc mou akoAouBel to ayyelo
(vessel tracing)

O aAyoplOuoc apyLKoToLEiTaL O€ Eva ONUELO TOU ayyELlou Ko
TO aKoAouBel 000 eival duvato.

Apxkomoinon (BA mapakatw)
OplleTal aktiva THwyv Kot KatdAAnAo Bripa yia to R ko to O.

[Lla To TPEXOV pixel
— YmoAoyiCovtal oL TipeG Ry, 6, mov peylotomnotouvv 1o MoM

— IF MoM > p€on tiul MoM tou TpEXOoVTOC ayYELOU LLELOV 3 TUTTILKEG
QTIOKALOELC
* To TpPEXOV pixel HapKAPETAL WG KEVTPLKOG AEovag
* To emopevo pixel cUuPwvaA e TO HOVTEAD TOU ayyeiou oplleTal wg TPEXOV
* Opietal vea aktiva TLpwv Kat yupw amno to Ry, 6,

— ELSE N€a apyikomoinon



ApxlKoTtolnon tou aAyoplOuou

l6awvika 0 aAyopLOpocg pmopel va
apxlkormolnBetl o 1 povo onueLo
TOU KevTpLkoU afova.

2TNV mpaén umoAoyilou e To
vesselness ko kpatape 1 onueio
o€ kaBe meploxn 32x32 pixel, mou
tomoBeteital os pia oupa Q.

Av o ay tracing otapuatAOEL, TOTE
ETOLVEKLVETOLL OLTTO TO EMOUEVO

pixel Tnc Q.

50 onueia apyilkomoinong oe
TUTTLKN €lKkOova BuBou
apdoPAnotposldouc.



AlokAadwoelc - Bifurcations

* [La kaBe eva oo ta Aava onpelo Tou POVTEAOU TOU
QYYELOU EAEYXETAL OV AUTO ATIOTEAEL ONULELO KEVTPLKOU aéoval
dlakAadwonc:

— YmoAoyiletatl to MoM ylo cUyKEKPLUEVN aKTiva Twv 6, R
— Av 1o MoM > tatwdAL TOTE eAeyyetal av to pixel auto avnkeL
non o€ ayyeio

* Av OXI tOTE TO ONUELO AUTO MpooTiBetal otnv Q yLa va
OPXLKOTTOLNOEL TOV aAyoplOpuo tracing apyotepa
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Emtionuoivovtol o KEVIPLKOC aéovag,
TPOC TWV OYYELWV.




