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Segmentation goal

« Segmentation partitions image into areas.
« Segmentation groups pixels in separate sets.
« lts goal is to find regions (areas) of interest for further analysis.
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Segmentation (image processing)

From Wikipedia,the free encyclopedia

WIKIPEDIA | in computer vision, segmentation efers to the process of parttioning a digital image into multiple segments (sets of pixels). The
The Free Encyclopedia | g0zl of segmentation is to simpify and/or change the representation of an image into something that is more meaningful and easier
avigation to analyze !l Image segmentation is typically used to locate objects and boundaries (lines. curves, etc.) in images. More precisely,
- Wain page image segmentation is the process of assigning a label to every pixel in an image such that pixels with the same label share certain
+ Contents visual characteristics.
+ Featured content
e Curtentevents The result of image segmentation is a set of segments that collectively cover the entire image, or a set of contours extracted from the
+ Random aricle image (see edge detection). Each of the pixels in a region are similar with respect to some characteristic or computed property. such
e as color, intensity, or texture. Adjacent regions are significantly different with respect to the same characteristic(s) "}
Contents ()
&= 1 Applications

2 Clustering methods
nteraction 3 Histogram-based mefhods
= AboutWikipedia 4 Edge detection methods
+ Communit portal 5 Region growing methods
+ Recent changes 6 Level set methods
+ Contact Wikipedia 7 Graph parttioning methods
= Donateto Wikipedia | | g watershed transformation
= Hatp 9 Wodel based segmentation
ooibox 10 Multscale segmentation
+ Wnatlinks here 11 Semi-automatic segmentation
+ Related changes 12 Neural networks segmentation
+ Upload e 13 Open saurce software
= Special pages 14See also
« Printable version P

= Permanentlink

Image Processing & Computer Graphics E

Segmentation

« Segmentation methods:
— Histogram based
— Edge detection
— Region based
« Selected methods:
— Grey-level thresholding
— Top-hat transform
— Watershed segmentation
— Seed-growing (flood-filling) algorithm
— Deformable models (level-set, active contour/surface)
« Segmentation aimed preprocessing
— Template matching detection
— Texture segmentation
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Segmentation

» Segmentation methods:
— Histogram based
Object pixels differ from background pixels with their gray-level
— Region based

Object area have specific characteristics we can compute.
...and then differentiate such areas from everything else

— Edge detection
Object edges have specific characteristics we can compute...
...and then differentiate edges from everything else
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Thresholding (image processing)

From Wikipedi

the free encyclopedia
m Adaptie thresholding

WIKIPEDIA - ’

The Free Encyclopedia Thresholding is the simplest method of image { 1 From a grayscale
avigation image, thresholding can be used to create binary images (Shapiro, et al 2001:83).
+ ainpage Contents e
+ Conten

1 Method
1.1 Adaptive Thresholding

2 Categorizing Thresholding Methods

3 Multiband Thresholding

4Sesalso

5 Citations.

6 References and Further Reading

= Random article

earch

[=3]

nteraction
= About Wikipedia

= Community portal
= Recent changes

= Contact Wikipedia
= Donate to Wikipedia
= Help

a

Method (ecit]
During the thresholding process. indiidual pixels in an image are marked as “object’
pixels if their value is greater than some threshold value (assuming an object to be
brighter than the background) and as “background pixels atherwise. This convention
is known as threshold above. Variants include threshold below, which is opposite of
threshold above; threshold inside, where a pixel is labeled "object” f ts value is
between two thresholds; and threshold outside, which is the opposte of threshold
inside (Shapio, et al 2001:83). Typically, an object pixel is given a value of “1" while
a background pixel is given a value of ‘0. Finally, a binary image is created by

oolbox
= Whatlinks here
= Related changes
= Uploadfile

coloring each pixel white or black, depending on a pixefs label. TR 8
s Specialpages
* Printable version Adaptive Thresholding fecit]
+ Permanent ik
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I.T. Young, J.J. Gerbrands, L.J. van Vliet
Fundamentals of Image Processing
http://www.ph.tn.tudelft.nl/Courses/FIP/

previous
Begmentation

« Thresholding

« Edge finding

« Binary mathematical morphology

« Gray-value mathematical morphology

the analysis of the objects in images itis essential that we can distinguish between the objects of interest and “the rest” This latter
roup is also referred to as the background. The techniques that are used to find the objects of interest are usually referred to as
begmentation techniques - segmenting the foreground from background. In this section we will two of the most common technigues—
ing and edge finding-- and we will present technigues for improving the quality of the segmentation result. Itis important to

inderstand that
there is no universally applicable segmentation techniue that will work for all images, and.
no segmentation technique is perfect.

Fhresholding

his technique is based upon asimple concept. A parameter 8called the brightness thresholdis chosen and applied to the image a
n]as follows:
If am,n)=6
Else

alm,n)= object =1

alm.n)= background =0

his version of the algorithm assumes that we are interested in light objects on a dark background. For dark objects on a light
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Grey-level thresholding
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. Optimum thresholding

Suppose an image contains two
intensity values m1, m2 combined with
additive Gaussian noise N(0,s) that
appear in an image with apriori —

probabilities P1 and P2
correspondingly P1 + P2=1.

The task is to define a threshold level
T that would minimise the overall

segmentation error o . |
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l Optimum thresholding
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. Optimum thresholding

For o,, o©, solution to this optimisation problem is the

following:
2
m +m oz P,
T ! 24— In| 2
2 m—m, \ R

If P,=P,, the optimal threshold is the average of the
image intensities.
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Grey-level thresholding
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- Related changes
= Uploadfie

- special pages
= Printable version

background pixel is given a value of 0." Finally, a binary image is created by coloring

each pixel white or black, depending on a pixel’s label. e &

+ Permanent link
= cite this page

anguages

Adaptive Thresholding

fedit]

Thresholding is called adaptive thresholding when a diferent threshold is used for diferent regions in the image. This may also be
known as local or dynamic thresholding (Shapiro, et al 2001:83).

The key parameter in the thresholding process is the choice of the threshold value (or values, as mentioned eariier). Several diferent
methods for choosing a threshold exist; users can manually choose a threshold value, or a thresholding algarithm can compute a
value automatically, which is known as automatic thresholding (Shapiro, et al 2001:83). A simple method would be to choose the

mean or median value, the rationale being that i the object pixels are brighter than the background, they should also be brighter than
the average. In  noiseless image with uniform background and object values, the mean or median will work well as the threshold.
however, this vill generally not be the case. A more sophisticated approach might be to create a histogram of the image pixel
intensities and use the valley point as the threshold. The histogram approach assumes that there is some average value fo the
background and object pixels, but that the actual pixel values have some variation around these average values. Howeer, this may be
computationally expensive, and image histograms may not have clearly defined valley points, often making the selection of an
accurate threshold dificult. One method that is relatively simple, does not require much specific knowledge of the image, and is
robust against image noise, is the following iterative method

An initial threshold (T) is chosen, this can be done randomly or according to any other method desired

2. The image is segmented into object and background pixels as described above, creating two sets:
1. G, = {fm.n)f{m.n)>T) (object pixels)
2. G, = {fim.n)f(m.n)<T} (background pixels) (note, f(m,n) is the value of the pixel located in the m™ column,
3. The average of each set is computed.
my = average value of G,
2. my = average value of G,
4. Anew thieshold is created that s the average of m, and i,
1T =y m)2
5. Go back to step two, now using the new threshold computed in step four, keep repeating untl the new threshold matches the

one before it i e. until convergence has been reached)
This terative algorithm is a special one-dimensional case of the k-means clustering algorithm, which has been proven to converge at
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Correction of monuniform illumination
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As we have seen in Section 10.1.2, gray-value morphological processing techniques can be used for practical problems such as
shading correction. In this section several other techniques will be presented

* Top-hat transform - The isolation of gray-value objects that are convex can be accomplished with the top-hat transform as
developed by Meyer . Depending upon whether we are dealing with light objects on a dark background or dark objects on a light
background, the transform is defined as:

Light objects - ToPHat(h.B) = & ~ (1 ©B) = & - ma m_m(.n)

Dark objects - ToPHat(4.B) = (4 ® )~ & = min{max(a)} - &

[where the structuring element Bis chosen to be bigger than the objects in question and, if possible, to have a convex shape
Because of the properties given in eqs. and , Topat(/A,B) >=0. An example of this technique is shown in Figure 63

[ The original image including shading is processed by a 15 x 1 structuring element as described in egs. and to produce the desired
result. Note that the transform for dark objects has been defined in such a way as to yield “positive" objects as opposed to "negative”
objects. Other definitions are, of course, possible.

* Thresholding - A simple estimate of a locally-varying threshold surface can be derived from morphological processing as follows:
1
Threshold surface - "= Em\m A)+min(A))

Once again, we suppress the notation for the structuring element B under the max and min operations to keep the notation simple. fts
use, however, is understood.
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Segmenting white numbers from a non-uniform intensity background

The goalin this experiment is to segment the foreground mmbers wich are on a non-uiform backeround. This image i a synthetic one and was made to
iosirate the power of the gray-scale top hat.

[Beiorw we show the original image and the result of a simple thresholding technique. As the overall fhumination of the image is not wriform, we get the
oumbers properly segment in just one portion of the image

aoriginal; b)simple thresholding

[The opening of the crigina image recovers the uneven background and the resultant top hat just shows the segmented mumbers.

P) )
opening; b)top hat
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How many objects?
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. Region based segmentation

The main idea in region-based segmentation techniques
is to identify different regions in an image that have
similar features (gray level, color, texture, etc.). There are
two main region-based image segmentation techniques:
— region growing (merging)
— region splitting
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Region growing

In region growing the image is divided into atomic
regions (e.g., pixels, templates). These “seed” points
grow by appending to each point other points that have
similar properties. The key problem lies in selecting
proper criterion (predicate) for merging. A frequently
used merging rule is:

Merge two regions if they are ,similar”
(in terms of a predefined features)

w ramach Europejskiego Funduszu Spolecznego
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Region growing — general formulation

. Image Processing & Compur Graphics n

Let R represent the entire image. Segmentation may be viewed as a process
that partitions R into N disjoint regions, R,, R, ..., Ry, such that:

N
a) E]R, =R
b) R, is a connected region, i =1, 2, ...N,
¢) R,NR;= I foralliandj, i=
d) P(R)=TRUEfori=1,2,..N,
e) P(R; UR,) = FALSE for i

where P(R) is a logical predicate over the points in set R, and & is the
empty set.
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Region growing

From Wikipedia, the free encyclopedia

WIKIPEDIA | Region growing is one of the simplest region-based image segmentation methods and it can also be classified s one of the pixek-

The Free Encyclopedia. | baseq image segmentations because it inolves the selection of niial seed points.
&
ZV“?Z fon This approach to segmentation examines the neighboring pixels of the initial *seed points” and determines if the pixel should be
R C:‘""‘E‘:? added to the seed point or not. The process is iterated as same as data clustering. We describe the algorithm as below.
+ Featured content Contents [rce]

1 Region-Based Segmentation
2Basic Concept of Seedpoints
earch 3 Some Important Issuss

4 Simulation Examples

= Random article

5 The Advantages and Disadvantages of Region Growing
6 References

nteraction 7 See also

+ Apout Wikpedia

« communityporsi || Region-Based Segmentation fecit
+ Recent changes

= Contact Wikipedia ‘The main goal of segmentation is to partition an image into regions. Some segmentation methods such as "Thresholding”, achieve

= Donate to Wikipedia the goal by looking for the boundaries between regions based on discontinities in gray levels or color properties. Region-based

= Help Segmentation is a technique finding the region directly. Here are the basic formulation for Region-Based Segmentation:

foolbox. ~

- wnatinkoners @ U =P

+ Related changes (R, comectedregion,i= 1.2, .

= Upload file .

+ Specialpages (¢) Ri( \Ry=@ foralli=1,2,

'+ Prntabl version

+ Permanentink (@)= TRUEfor i=12...n.
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Flood fill

From Wikipedia, the free encyclopedia

NS

WIKIPEDIA | Fiood fill, also called seed fil is an algorithm that determines the area connected to a given node in a
TheFr

g multi-dimensional array. It is used in the "bucket” fill tool of paint programs to determine which parts of
avigation a bitmap to il with color. and in puzzle games such as Minesweeper, Puyo Puyo, Lumines.
| wain page Samegame and Magical Drop for detemining which pieces are cleared. When applied on an image to

- contents fil a particular bounded area with color, it is also known as Boundary fll

- Featured content

- Curent events Contents [ride]

|- Random article 1The algorithm.

11 Altematve implementations

e recursie foodfi wth 4 1
2 Fixed memory method (1ght-hand fil method) s
3 Scanline il

4Vector implementations

e 5 Large scale behaviour

- About wikipeaia S

M 7 Extemnal i

- communtportal Exiomal inks

- Recent canges

|- Contact wikipedia The algorithm [edit]

- Donate to wikipedia

- Hep The flood fl algorithm takes three parameters: a start node, a target color, and a replacement color.

obox The aigorithm looks for all nodes in the array which are connected to the start node by a path of the
target color, and changes them to the replacement color. There are many ways in which the flood-il

- whatiinks nere

L Rt dsnges algorithm can be structured, but they all make use of a queue or stack data structure, explicitly or

Efipets implicity. One implicitl stack-based (recursiv) lood-fil implementation (for a two-dimensional aray)

l+ special pages goes as follows:
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- Donate to
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— The aigorithm looks fo all nodes in the array which are connected to the start node by a path of the
target color, and changes them to the replacement color. There are many ways in which the flood-il

|- Related changes
9 implicitly. One implicitly stack-based (recursive) flood-fllimplementation (for a two-dimensional array)

= Uploadfie
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- Printable version

= Permanent ink
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Drainage basin

From Wikipedia, the free encyclopedia

WIKIPEDIA A drainage basin is an extent ofland where viter fom rain or snow melt

The Free Encyclopedia drains downhill into a body of water, such as a river, lake, resevoir, estuary.
avigation watland, sea or ocean. The drainage basin includes both the streams and
- wain page rivers that convey the water as wel as the land surfaces fiom which water i
[+ Contents drains into those channels, and is separated from adjacent basins by a
- Featured content [0
i drainage dide.

Gurrent events \ S
- Random artcie The drainage basin acts like a funnel, collecting al the water vithin the area \

= covered by the basin and channeling it into a waterway. Each drainage \ )
L basin is separated topographically from adjacent basins by a geographical N\ Gl

barrer such as a idge, hill or mountain, which is known as a water divide 4

Other terms that are used to describe a drainage basin are catchment,
catchment area, catchment basin, drainage area, river basin, water

rteraction ; L\
[ Avoutwiccedn basin and watershed 2 In the technical sense, a watershed refers to a %
e s diide that separates one drainage area from another drainage area

[ it fhoss However, in the United States and Canada, the term is often used to mean a

- Contact wikipedia drainage basin or catchment area itself. Watersheds drain into other e
- Donste o Wikpecia || watersheds n a hierarchical o, large anes breaking into smalleranes or (18149 208" T Se%
- Help sub.watersheds with the topography determining where the water flows

Fr is essential in

- whatiinks here imercomect 1

- Reated changes Contents frce]

cadse Malordrainage basins ofthe word

Special pages
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I Watershed segmentation
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Watershed (algorithm)

From Wikipedia,the free encyclopedia

WIKIPEDIA | The watershed algorithm is an image processing segmentation algorithm that splits an image into areas, based on the topology of

The Free Encyclo the image. The length of the gradients is interpreted as elevation information. During the successive flooding of the grey value relief,
avigation watersheds vith adjacent catchment basins are constructed. This flooding process is performed on the gradient image. ie. the

- Wain page basins should emerge along the edges. Normally this willlead to an over-segmentation of the image. especially for noisy image

+ Con

material, e.g. medical CT data. Either the image must be pre-processed o the regions must be merged on the basis of a similaity.
criterion afterwards

+ Random arice A israrchic watershed transfomation convets the result nto a graph display (. the neighbor relatonships of the segmented
N regions are detemmined) and applies futher watershed ransformations recursively. A problem is that the watersheds wil increase in
carc
width
The marker based watershed transformation performs flooding stating rom specific marker positions which have been either
(&) explicitly defined by the user or determined with morphological operators.
rteraction Interactiv watershed transformations allow to determine include and exclude points to construct rtifcial watersheds. This can
Fiwa enhance the resuft of segmentation.
+ Community portal )
= Recent changes Meyer's watershed algorithm [edit]
+ ContactWikipedia
.+ Donate o Vikipedia | | ON ofthe most common watershed algorthms was introduced by F. Meyer in the eary 90s
s Help

‘The algorithm works on a gray scale image

oolbox 1. Aset of markers, pxels where the flooding shal start, are choosen. Each is given a diferent label.

nat inks here 2. The neighboring pixels of each marked area are inserted into a priority queue with a priority level corresponding to the gray
= Related changes level of the pixel.
= Upload i 3. The pixel vith the highest priority level is extracted from the priority queue. If the neighbors of the extracted pixel that have

+ Specialpages
e oablo v alfeady been labeled all have the same label, then the pixe s labeled vith their label. Allnon-marked neighbors that are not
+ Permanentink yetin the priorty queue are put ino the pririy queve.




Region splitting

Quad-tree decomposition

Initially, the image is subdivided into a set of arbitrary disjoint regions, then splits

of the regions take place in attempt to satisfy region uniformity criteria (a-e).

An example split algorithm works as follows:
Subdivide the entire image successively into smaller and smaller quadrant
regions until P(Ri) = TRUE for any region; that is if P is FALSE for any
quadrant, subdivide the quadrant into sub-quadrants, and so on.

However, if only splitting is used the final result likely would contain adjacent
regions with identical properties.

This can be improved by allowing merging as well as splitting. The following
procedure can be implemented:

Split any region Ri if P(Ri) = FALSE,
Merge any adjacent regions for which P(Riu Rj) = TRUE,
Stop when no further merging or splitting is possible.
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Quadtree

From Wikipedia, the free encyclopedia

WIKIPEDIA A quadtree is a tree data structure in which each intemal node has up to

oIt | o g Custhens e o oor ot o ot s o ivrers  (EFTE] PEREE] | PPl e
avigation space by recursively subdividing it into four quadrants or regions. The et | B - b
- wain page regions may be square of rectangular, or may have arbitrary shapes. This

[ Conens ata st was named a cadiee by Fapho Pl nd L Sy L 551 2oy
miEealtired content 1974. A similar parttioning is also known as a Q-tree. All forms of St H e vyr‘-r
[« Currentevents Quadirees share some common features: f I

- Random artice

= They decompose space into adaptable cells
= Each cell (or bucket) has a maximum capacity. When maximum
capacity is reached, the bucket spits

earch

= The tree directory follows the spatial decomposition of the Quadtree
rteracton Contents [is] . ?I?F‘F
- Aboutwikipeaia 1Types
- Communit portal 1.1 The region quadtee
- Recent cnanges 1.2 Point quades ! B
= Contact wikipedia 121 Node structure for 2 point quadree A
|- Donate to Wikipedia T pont quadiree
- Hep 2 Some common uses of quadrees
ooibox 3Caveats
= What links here 4 References
- Related changes 5Seealso
- Uploaa e & Extemal links

= special pages
- Printable version
= Permanent ink

Types [edit]

Image Processing & Computer Graphics z:l

Quadtree decomposition

[ v Quadtee decomposition

Block means

Projotwep8linansowany rzaz Ui Evepoisa o
xapmcLO e Eurapeiokiogn Fundusz Spoleesnons w2
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Image Processing & Computer Graphics !I

. Edge detection methods

Boundary based segmentation (edge detection)
Changes (or discontinuous) in an image amplitude are important primitive
characteristics of an image that carry information about object borders.
Detection methods of image discontinuities are principal approaches to image
segmentation and identification of objects in a scene. Local discontinuities in
image intensity fall into three categories: points, lines, or edges

Oem/

Projekt wspdifinansowany przez Unig Europejska re—
KAPITAL LUDZKI w ramach Europejskiego Funduszu Spolecznego ruvouse Sk -

Image Processing & Computer Graphics a
Point detection

Point detection mask:

The point is rendered if:

-1 -1 -1

D>T

-1 8 -1 where D is a similarity measure
between the image and the

1 1 1 template, and T is a non-negative
threshold.

E Ko b tisbeniods e iiacond o] - |

Image Processing & Computer Graphics EI
Line detection

al | I T

22 | 2 a2 |

2 2|

a0 | a t]z !
Horizontal Vertical

-1 -1 2 2 -1 -1

-1 2 -1 -1 2 -1

2 -1 -1 -1 -1 2

+45° -45°

PSS —
" e e [
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Image Processing & Computer Graphics 3 z’
Line detection

Projekt wspGifinansowany przez Unig Europejska, s cnorcsn
KAPITAL LUDZKI w ramach Europejskiego Funduszu Spolecznego sz SR -

Image Processing & Computer Graphics ,a
Edge detection

An edge

is the boundary between two regions
with distinct gray-level properties.

Edges characterize the physical extent
of objects thus their accurate detection
plays a key role in image analysis and
pattern recognition problems.

The main idea underlying most edge-
detection techniques is the
computation of a local derivative of an
image.

Projekt wspétfinansowany przez Unie Europejska J—
KapTAL LDZK| wramach Europeskiego Funduszu Spolecznego i -

Image Processing & Computer Graphics :i :’
Edge detectors

Operators:
«  Sobel

+  Prewitt
* Roberts

Pairs of detectors
(gradient is a vector)

Projekt wspGifinansowany przez Unig Europejska, s norcsen
KAPITAL LUDZKI w ramach Europejskiego Funduszu Spolecznego sz SR -




Image Processing & Computer Graphics a

Gradient operators (1D example)

flx)

A

dx

Double Threshold

crossing

Projekt wspelfinansowany proz Urie Europeiska J—
KAPITAL LUDZK! w ramach Europejskiego Funduszu Spolecznego P -

Image ProcesSing & Computer Graphics ! I

Gradient operators (1D example)

the magnitude of the [
first derivative can be e
used to detect the

presence of an edge in J |
Brightness
profile ‘

an image,
First
derivative ‘

the sign of the second
derivative can be used
to determine whether
an edge pixel is on the
dark or light side of an
edge,

the second derivative
has zero crossing at
the midpoint of a grey-

Secon
™ derivative
level transition.

T

Projekt wspéifinansowany przez Unie Europejska. [
o, e Eutperbiess Furiszy Spoeciness ez
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Gradient (2D)

Gradient (vector field)

Second order derivative
»equivalents”:

« Gradient divergence
« Gradient curl (rotation)
« Laplacian vector field

Gy
Vf =

G,

Sy |Y

Gradient’s magnitude

v/ =mag(vf)=62+62] " =[G MG,

Projekt wspolfinansowany przez Unig Europejska. A EUROPEISKA
KAPITAL LUDZK! w ramach Europejskiego Funduszu Spolecznego P -
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=) Vector operations [edit) :’”‘:““‘ "‘“9

rteraction Vector calculus studies various difierential operators defined on scalar or vector fieds, which are ain ule

[« Apout wikipedia typically expressed in terms of the del operator (/). The four most important operations in vector Change of variables

- Communiy portal caleulus are: Implicit differentiation

- Recent changes Taylor's theorem

- Contact ikiped Operation Notation Description Domain/Range Related rates

| Donate to wikipedia Listof diflerentition identities

Measures the rate and

[ He M: lar fiel

2 Gradient | grad(f) = V. | diecion of change i a scalar| %75 5C1% fleds o Inegration
ooibox = vector fields.
1 etdoes o Messures the endancy to i
[« Related changes I Maps vector fields to improper integrals.
LAy o | curl(F) = V X F | rtate sbout a oin ina vector| 272 261 fek e
[» Special pages field. parts, disks, cylindrical
|+ Printable version Measures the magnitude of a shells, substitution,

Divergence|  div(F) = V- F | source orsink at a given point | 2P> Yoo felds 10 || yrigonometiic substitation,
scalar fields.

in a vector field patial fractions, changing

anguages order
uage composition of the.

A
5 2 Maps scalar fields to
Laplacian |Af = V°f =V - Vf| divergence and gradient e,
operations

= Permanent ink
= Cite this page

A quantity called the Jacobian is useful or studying functions when both the domain and range of the function are multivariable. such
as a change of variables during integration

Theorems [edit]

Likevise, there are several important theorems related to these operators which generalize the fundamental theorem of calculus to
higher dimensions

- ==
- Bahasa ndonesia

£ Gradient - Wikipedia, the free encyclopedia - Windows Internet Explorer E}@
)~ W ntpfen whipeda, orgiwiifGradent ¥ [#][%] [ceos »
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Gradient
From Wikipedis, e res encyclopedia

WIKIPEDIA For the measure of steepness of a line, see Siope.

The Free Encyclopedia For other uses, see Gradient (disambiguation).
dgalion In vector calculus, the gradient of a scalarfield is  vector field which points in the =
= Main page direction of the greatest rate of increase of the scalar field, and whose magnitude is the I Wikionary, the free dict
[ Contents reatest rate of change. e e o
- Featurea content k. 4
- curentevents A generalization of the gradient for functions on a Euclidean space which
- Random artice have values in another Euclidean space is the Jacobian. A futher
eneralization for a function from one Banach space to another is the
earch g L
Fréchet derivative.
=] Contents frcel
interpretations ofthe aradient
nteraction 2 Definition
- Aboutwikipeaia 3 Expressions fo the gradientin 3 dimensions
- Communty portal e Inthe above two mages, he scalr eld s n back and 51
back representing higher valus, and 13
= Recent changes 4 The gradient and the derivatve o diferental e
- ContactWikpedia 4.1 Linear approximation to a function

2 0onéie o Wikpedia, 42 The differential o (exterior) derivative

- Hep 43 Gradient as a derhative

oolbox 4.4 Transformation properties

- whatiinks nere 5 Further propefties and applications

- Related changes 5.1 Level sets

- Uploaa e 5.2 Consenvative vector fields
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- Permanentink

= Cite this page Definition [edit]

anguages

The curl of a vector field 7, denoted mﬂ(ﬁ)m WV x F.atapoint s defined in terms of its projection onto various lines through
the point. If 7 is any unit vector, the projection of the cur of £ onto 73 is defined to be the limiting value of a closed line integral in a
plane orthogonal to 72 as the path used in the integral becomes infintesimally close to the point, dhided by the area enclosed.

As such, the curl operator maps C' functions fiom R* to R® to C? functions from R® to R®.
Explicitly, curl is defined by-{'!

islenska

mtano Hore f 7P diis v itegral sround the ares in question, and A s the magnitude ofthe
Wit area. I i an outward pointing normal to 73 (see caption at right), then the orientation of C is
Nederands chosen 5o that a veclor G) tangent 10.C is posiinely oriented ¥ and only ¥ {73, 7, 0} forms'a
2=z positively oriented basis for R® (right-hand rule). Convention for vector rientaton of &)
Polsk theine integral
Portugués Intuitive Definition [edit]
Romana
il Suppose the vector ield describes the velocity field of a flud flow (maybe a large tank of water or gas) and a small balis located
Slovengina within the flid or gas (the centre of the ball being fixed at a certain point). ffthe ball has a rough surface it will be made to rotate, by
Slovenséina the fluid flowing past it The rotation axis (orented according to the right hand rule) points in the direction of the curl of the field at the
Spskohmatski/ centre of the ball, and the angular speed of the rotation s half the value of the curl at this point
Gpncxonpsatcn
B Even if al the flow fines are paralel, the ball can start spinning if the fluid moves past it faster on one side than the other.
- svenska
- Turkce Usage [edi]
- vipaincoka
B In practice, the above definiton is rarely used because in irtually allcases, the curl operator can be applied using some set of

cunilinear coordinates, for which simpler representations have been derived
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[+ whatiinks here
- Retated changes Let x, y, 2 be a system of Cartesian coordinates on a 3-imensional Euclidean space, and et i, ],k be the carresponding basis of
N :"‘”2"‘“'5 unit vectors.
B W The divergence of a continuously diferentiable vector field F = F, i + £, + F, ks defined o be the scalar-alued function
- Permanentink OF, OF, OF,
= Cite this page. divF=V.F=—=4 24 2

dr  dy 0z

anguages
e Although expressed in terms of coordinates, the result is invariant under orthogonal transformations, as the physical interpretation
= Bunrapcan suggests.
- cata The common notation for the divergence I'F s a convenient mnemonic, where the dot denotes an operation reminiscent of the dot

Cesky product: take the components of = (see del), apply them to the components of F, and sum the results. As a result, this is considered
pILEED an abuse of notation.
- Eest
N S“’"“‘ Physical interpretation as source density [edit]
- Esperanto
i In physical terms, the divergence of a three dimensional vector feld s the extent to which the vector field flow behaves like a source
B ora sink at a given point. It is a local measure cf its "outgoingness"—the extent to which there is more exing an infintesimal region
[« isienska of space than entering it. If the divergence is nonzero at some point then there must be a source or sink at that position''.
- ratiano An altemative but equivalent definition, gies the divergence as the dervativ of the net flow of the vector field acoss the surace of a
- 2 small sphere relative o the volume of the sphere. (Note that we are imagining the vector field o be like the velocity vector field of a
N ;‘2;“2‘:‘ fluid (in motion) when we use the terms flow, sink and so on.) Formally,

e . F -ndS
(divF)(p) = lim e
o T
ki Sr) 3

- rorugues whers S{) donotes the sphers f raius rabout & oin p in R and the ntagrl i & suace intogal taken wi respet t 1, the
- Romana normal to that sphere.
- Pycouni T
- Siovens -
i omman) Insoad of a spher, ay thervoums A is possibe, finstead of ™ one wites| AV | . From tis dsfiion it also becomes

(BED

F¥ Laplace operator - Wikipedia, the free encyclopedia - Windows Internet Expl

)~ W htoffen wkipeda, g epace_operator ¥ (4] (] [ceco »

ik Edycja  Widok Ulublone  Narzedzia  Pomog

Foogle[8 + v seukay o+ o B 0y zatada- | (G zneids - Y sprawds + T Autoumupelnionie X, + () 2dogujse
& \Eg\- W Vector cakcuu... |\ Gradient - Wi... | \/Curl (mathem... | \/Divergence -... |\ Laplacea... % 3~ B) v @ - | strona v £ Narzeddia +

fanguages Definition [edit]

The Laplace opsrator i  scond order ciferentalapsrator in the r-imensional Euclidean space, dsfined as the divergence (V) of
the gradient (V). Thus i is a tuice-diferentiabl real-ralued function, then the Laplacian of  is defined by

Af=Vf=V-Vf 0
il 1 i el e i 5 Al VA8 31 s oMM,

2

- isienska Af= B
[ s f=Ya @ |
- Loty
Magyar As a second-order differential operator, the Laplace operator maps C*:unctions to C*2-functions for k 2 2. The expression (1) (or
= Nedertands equivalently (2)) defines an operator A - C(R") — C*"2(R"), or more generally an operator A : C(Q) — C¥2(Q) for any open set Q.
E :‘:‘:‘]ués ‘The Laplacian of a function s also the trace of the function's Hessian, a definition more accessible fom linear algebra and statistics:
[ Romana Af =te(H(f)).
- Pycoani
= Siovencina Motivation [edit]

Diffusion [edit)
- Turkce In the physical theory of iftusion, the Laplace operator (via Laplace's equation) arises naturally in the mathematical description of

8 YkpaHChka) equilibrium "7 Specifically, if u is the density at equilibrium of some quantity such as a chemical concentration, then the net flux of u
thiough the boundary, of any smoath region V is zero, provided there is no source or sink within

- v
/ Vu-ndS =0,
ov
where n s the unit normal to the boundary of V. By the divergence theorem.

/divVudV:/ Vu-ndS =0.
v
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Discrete Laplace operator

From Wikipedia, the free encyclopedia

WIKIPEDIA s aricle needs addional citation fo verification. Pleass hlp mpro s aice
@ by adding reliable references. Unsourced material may be challenged and removed.

avigation (December 2007)
[ s page
= Contents In mathematics, the discrete Laplace operator is an analog of the continuous Laplace operator, defined so that it has meaning on a
= Featured content graph or a discrete grid. For the case of a finite-dimensional graph (having a finite number of edges and verticies), the discrete Laplace
o et events operator is more commonly called the Laplacian matrix.
[ Rincom ance

The discrete Laplace operator occurs in physics problems such as the Ising model and loop quantum gravity, as well as in the study
of discrete dynamical systems. It is also used in numerical analysis as a stand-in for the continuous Laplace operator. Common
applications include image processing, where it is known as the Laplace fiter, and in machine leaming for clustering and semi-
supenvised leaming on neighborhood graphs.

earch

e Contents fee]
- Aboutwikipedia 1 Defition

- Communt portal 2 Spectum

- Recent changes 3 Theorems

- Contact wikipedia 4 Discrete Schradinger operator

= Donate to Wikipedia 5 Discrete Green's function

2 Hep 6Seealso
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= Related changes Definition [edit]
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Image Processing & Computer Graphics !5
Laplacian

Laplacian of a 2-D function f(x,y) is a second
derivative defined as:

*f 3?
VI e

The Laplacian of a discrete image can be approximated
by a difference equation:

V2 == (o 2yt 2+ 5)

Profokt wspdinansowany przez Unie Eucpolsa
xapmcLO e Eunapaiiogn Fundus Spotoainogs

Image Processing & Computer Graphics a

I Laplacian of a discrete image

0 -1 0 -1 -1 -1
-1 4 -1 -1 8 -1
0 -1 0 -1 -1 -1
Projekt wspdifinansowany przez Unig Europejska
H L, w ramach Europejskiego Funduszu Spolecznego
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I Laplacian of a discrete image

-1-1 A

é é =

Profokt wspiinansowany przez Unie Eucpolsa
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Image Processing & Computer Graphics !-I

H LoG (Laplacian of Gaussian)

A more suitable use of the Laplacian is in finding the location of
edges using its zero-crossing property. This concept is based on
convolving an image with the Laplacian of a 2-D Gaussian function
of the form:

X2+ y?

h(x,y)=exp| —
207

where ¢ is the standard deviation. Assume r2=x2+y2. Then, the Laplacian
of h with respect to ris:

R W2 _ o2 2
Vih=|——F— |exp| ———
o 20

Projekt wspGifinansowany przez Unig Europejska.
Kapmawend,, w ramach Europejskiego Funduszu Spolecznego

Image Processing & Computer Graphics zl

H LoG (Laplacian of Gaussian)

zero crossings

Laplacian of a 2-D Gaussian function for =1
(also called the Mexican hat function).

Projekt wspdifinansowany przez Unig Europejska
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H LoG (Laplacian of Gaussian)
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The Laplacian of Gaussian edil Ofference of Gaussins (006)

Determinant of Hessian (Dot)
One of the first and also most common blob detectors is based on the Laplacian of the
Gaussian (LoG). Given an input image fxy). this image is convolved by a Gaussian kemel

=1 eeen

Maximaly stable extremal regions

Ridge detection

g(@,y,t) = s—e Atfine invatant fsture detection
2nt Affine shape adaptation
ot a cetan scale 110 ghe @ scalespace representation
L(z,y,t) = g(z,y,t) * f(z,y) Then, the Lsplacian operator Hars aftne
V2L = L.+ Ly,
Feature descipton

S Rl e v R e B

ST
and strong negative responses for bright blobs of similar size. A main problem when i
applying this operator at a single scale, however, is that the operator response is strongly

dependent on the relationship between the size of the biob structures i the image domain GLoH
and the size ofthe Gaussian kemel used for pre-smoothing. In order to automatically LesH
capture blobs of different (unknowin) size in the image domain, a multi-scale approach is s

therefore necessary. -
A straightforward way to obtain a multi-scale blob defector with automatic scale selection is o
1o consider the scale-nomlzed Laplacian operator
> o s

Voorm L(2,45t) = t(Lez + Lyy)
and o detect scale-space maxima/minim, that e poits that are simultaneously local
maxima/minima of /2, | I with respect to both space and scale (Lindsberg 1998). Thus, given a discrate two-dimensional input
image fix) a three-dimensional discrete scale-space volume Z(x,y.9) is computed and a point is regarded as a bright (dark) blob if the
value at this point is greater (smaller) than the value in all its 26 neighbours. Thus, simultaneous selection of interest points (&, /)
and scales § is performed according to

(#,8:1)
flte thal this naton ofbob proices 2 concis httry://@n. wikipedia.org/wiki/Blob_detection

Implementatin detais.
Pyramids.

i s

gmaxminlocali ) (Viorn L(2,951))

&)~ [Ene: m [ (][] [ »
Byl Widok Uubione Neredza Pomo
¢ 4 (g5 | @uaptacan of Gaussin (o) |\ B detection - vikped, th.. | | B-8 Strons « () Narzedsia -

[Laplacian of Gaussian (LoG)

[As Laplace operator may detect edges as wellas noise (solated, out-of-range), it may be desirable to smooth the image first by convolution with a Gassian
kernel of width o

ﬂ]

3
/2% SIP[7 202

Golz,y

o suppress the noise before using Laplace for edge detection:
AlGo(z,y) * f(z,y)] = [AG,(2,9)] * f(x,y) = LoG * f(z,3)
[The first equal sign i due to the fact that

L0l = L [ sme=r)ar = [ £ She=rdr = sapne)

So we can obtain the Laplacian of Gassian A\G. (2, ) frstand then convalve it withthe input image. To do so, frst consider

%GV(L y= :,xs—uurvwzu’ ~(=24v?) /2%
o http://fourier.eng.hmc.edu/e161/lectures/gradient/node10.html
‘iga(ryy) AR N et A S

8z

) = | W ntpiffen wipedia orgfwiifiob,_detectin# The_determinant_f the_Hessian

%] [coor o
ik Edycis Widok  Uubione  Warasdaa  Pomog
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The determinant of the Hessian [edit]

By considering the scale-nomalized determinant of the Hessian, also referred to as the Monge-Ampere operator,
2 2

detHL(z,y;t) = t*(LasLyy — L2,)
where AL denates the Hessian matix of Z and then detecting scale-space maxima of tis operator one obtains another
straightforward diffrential blob etector with automatic scale selection which also responds to saddles (Lindeberg 1398)

(&,9;1) = argmaxlocal .. (detH L(z, y; 1))
The blob points (&, gj) and scales { are also defined from an operational differential geometric defiitions that leads to blob
descriptors that are covariant with translations, rotations and rescalings in the image domain. I terms of scale selection, biobs
defined from scale-space extrema of the determinant of the Hessian (DoH) also have slightly better scale selection properties under
non-Euclidean afine transformations than the mare commonly used Laplacian operator (Lindeberg 1998). In simplified form, the

determinant of the Hessian computed fom Haar waelets is used as the basic interest paint operator in the SURF descriptor (Bay et
al 2006)for image matching and object recognition

The hybrid Laplacian and determinant of the Hessian operator (Hessian-Laplace) [edit]

A hybrid operator between the Laplacian and the determinant of the Hessian biob detectors has also been proposed, where spatial
selection is done by the determinant of the Hessian and scale selection is performed with the scale-nommalized Laplacian

(Mikolajczyk and Schmid 2004)
(2,9) = argmaxminlocal, (detHL(2,3;1)

= argmaxminlocal, (V7. L(Z, ;1))

This operator has been used for image matching. object recognition as well as texture analysis

ffine-adapted ial blob d [edi]

The biob descriptors obtained fom these blob detectors with automatic scale selection are invariant to translations, rotations and
uniform rescalings in the spatial domain. The images that constitute the input to a computer vision system are, howeer, also subject
to perspective distortions. To obtain biob descriptors that are more robust to perspective transformations, a natural approach is to
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Texture problem

A texture
perceived by humans is a visualization of complex patterns composed of spatially
organized, repeated subpatterns, which have a characteristic, somewhat uniform
appearance. The local subpatterns within an image are perceived to demonstrate
specific brightness, color size, roughness, directivity, randomness, smoothness,
granulation, etc. A texture may carry substantial information about the structure of
physical objects.
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Texture analysis software
.

Vieb Site - Windows Internet Explorer
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MaZda

Mazda i a computer program fo calalaton o texture parameters (features) in
ltied images. e e nderGevsmentsoce 1595 0 saly e e

http://www.eletel.p.lodz /

http:/www.eletel.p.lodz, ramy/cost/cos! ject.htral

http:/www.eletel.p.lodz, ramy/cost/

http://dx.doi.org/10.1016/j. .2 .
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Texture problem
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MaZda texture maps

Mazda - options

Featues Maps | Waveles | Geomely |
[] [ C Seect  C ca
Fealutes selcted [20(53)
Mask: i
5
: RN
% 3 Grader fi5—
= §0 Histogt e
Vien
Ste
V/jtaience i o]
Skewness
4= i
 Pacdlz g
WV Peic10% i il
M ~Nomalsation
V Pecs0x [v] | @ image € mask
Cancel

Examples created with MaZda software
http://www.eletel.p.lodz.pl/mazda/
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Texture segmentation

1. Convert a textured image into textural
feature maps
2. Combine maps if needed

" <
3. Use agray-level thresholding S
]
E o
gl g
al E
2
g =
S
s 8
)
e g
R
)
g
s
[
3
2
2
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Segmentation from motion

~
v .
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Optical flow

From Wikipedia, the free encyclopedia

WIKIPEDIA

The Free Encyclopedia

ptical flow or optic flow is the pattem of apparent mation of objects.
surfaces, and edges in a visual scene caused by the relative motion between

avigation an observer (an eye or a camera) and the scene."1?! Optical flow techniques
= 1ain page such as motion detection, object segmentation, time-to-callision and focus,
= Content: of expansion calculations, motion compensated encoding, and stereo

e Eeatirod corar, disparity measurement utiize this motion of the objects surfaces, and

- curent events o

- Random artice edges 7

— Contents [rde]
1 Estimation ofthe optical flow
1 Methods for determining optical flow
2 Uses of optical flow
3References
4 Exteral links

Figure 1 The optical flow vector of  moving object i a
video sequence.

erscton
RS —

[« Recent cnanges Estimation of the optical flow fedit]

- Contact wikipedia

. Donste to Wikipedia | | Sequences of ordered images allow the estimation of motion as either instantaneous image velocities or discrete image

e H displacements ! Fleet and Weiss provide a tutorial introduction to gradient based optical flow 1*! John L. Barron, David J. Fleet, and

e Steven Beauchemin provides a performance analysis of a number of optical flow techniques. It emphasizes the accuracy and density
x L

- whatlinks here of measirements

- Reated changes The optical flow methods try to calculate the motion between two image frames which are taken at times  and ¢= a¢ at every voxel

- Upload fle position. These methods are called differential since they are based on local Taylor series approximations of the image signal. that is

- special pages they use partial dervatives with respect to the spatial and temporal coordinates

= Printable version = el - s . 5 i e g e

£ Optical flow - Wikipedia. the free encyclopedia - Windows Internet Explos @@

~ [ W httpifjen.wiipedia.crgjwkifOptial flow

»

Ik Edyoe widok Ulbone Nersdsa Pomog
| W Opticaflow -Wikipedie, the free encycopedia 0 Nrgecia ~
Methods for determining optical flow (ecit]

= Phase correlation ~ inverse of normalized cross-power spectrum

= Block-based methods — minimizing sum of squared difierences or sum of absolute differences, or maximizing nomalized cross-
corelation

Differential methods of estimating optical flow, based on partal dervatives of the image signal and/or the sought flow field and

higher-order partial derivatives, such as:

= Lucas-Kanade method — regarding image patches and an afine model fo the flow field

= Hom-Schunck method — optimizing a functional based on esiduals from the brightness constancy constraint, and a partcular
regularization term expressing the expected smoothness of the flow field

Buxton-Buxton method ~ based on a model of the motion of edges i image sequences!®

= Black-Jepson method — coarse optical flow via correlation’®!

riational methods — a range of modifications/extensions of Horm-Schunck, using other data terms and other

smoathness terms.

Discrete optimization methods ~ the search spac is quantized, and then image matching is addressed through label assignment
at every pixel, such that the comresponding deformation minimizes the distance between the source and the target image.['"! The
optimal solution is often recovered through min-cut max-flow algorithmes, linear programming or belief propagation methods.

Uses of optical flow [edit]

Motion estimation and video compression have developed as a major aspect of optical flow ressarch. Wile the optical flow fied is
superfcally similar to a dense motion field derived from the techniques of mation estimation, optical flow i the study of not only the
determination of the optical flow fied tself, but also ofits use in estimating the three-dimensional nature and structure of the scene.
as well as the 3D motion of objects and the obsenver relative to the scene

Optical flow was used by robatics researchers in many areas such as: object detection and tracking, image dominant plane
extraction, movement detection, robot navigation and visual odometry.1''!

The application of optical flow includes the problem of inferring not only the motion of the observer and objects in the scene, but also
the structure of objects and the emironment. Since awareness of motion and the gensration of mental maps of the structure of our
emironment are ciitical components of animal (and human) ision, the conversion of ths innate ability to a computer capability is
similarly crucial in the field of machine vision ['2

Image Processing & Computer Graphics EI

*  MAD - Mean Absolute Difference

+  SAD-Sum of Absolute Differences
* M- Mutual Information

+ NCC - Normalized Cross-Corelal

Block matching

1 & M N
MAD(x, y) WZZI XEm=—yen=—

MAD

LS 4
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Segmentation form motion

« Divide video frame (n) into blocks,

« Calculate MAD functions of all the blocks by matching them with the
next frame (n+1),

« For each block calculate vector from block coordinates to MAD
maximum corresponding with the block,

« Find high magnitude vectors.
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Deformable models

Deformable models

[
i 3

Nonparametric Parametric
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Level set method

From Wikipedia, the free encyclopedia

"WIKIPEDIA | The level set method (sometimes abbreviated as L SM) is a numerical technique for tracking interfaces and shapes. The advantage

B of the level set mathod is that one can perform numerical computations invohing curves and surfaces on a fixed Cartesian grid
gaton; without having to parameterize these objects (this is called the Eulerian approach) (! Also, the level set method makes it very easy
- Wain page to follow shapes that change topology, for example when a shape splits in two, develops holes, or the reverse of these operations. All
+ Contents these make the level set method a great tool for modeling time-varying objects, like infiation of an airbag, or a drop of ol floating in
+ Featured content b
+ Current events
+ Random aricle Contents (i)

1 Level setfunction

carcn
2The leve set equation
3Histoy
=3 4560 ais0

5 References
6 Exteral links.

nteraction
= About Wikipedia
= Community portal

= Recent changes Level set function [edit]
+ Contact Wikipedia

= Donate to Wikipedia In two dimensions, the level set method amounts to

= Help representing a closed curve T in the plane as the zero level

= set of a two-dimensional ausilary function ¢
+ Whatlinks here '={(@y)le(z,y) =0}, . .
" Related changes and then manipulating T implicity, through the function
= Unoadule “This function is called a level sef function.  is assumed

+ specialpages

e oablo v t0 take positive values inside the region delimited by the

= Permanentlink cune T and negative values outside 21°)
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€ G|\ Levelset method - Wikpedia, the free encycopects 3 Strona ~ 3 Norzedia -

E Level set method - Wikipedia. the free encyclopedia - Windows Internet Explorer [;@E

= bout Wikipedia
Community portal
Recent changes

5 Level set function edit]
= Contactwikipedia

In two dimensions, the level set method amounts to

- Heip set of a two-dimensional auxilary function ¥ a

by A >
I = {0l = 0, b e
- what inks here and then manipulating ' impliciy, through the function . | § A
P :Eli‘eﬂﬂﬁ‘l’““es This function is calleda leve set function. ¥ is assumed | @ @ \ 4 \"

totake positve values inside the region delimited by the
- special pages 6
|+ Frintableversion curve T and negative values outside.
= Permanent ink The figure on the right ilustrates several important ideas

- Gite his page about the level set method. In the upper-left comer we see

(e a shape, that is, a bounded region with a well-behaved

oot boundary. Below i, the red surface s the graph of a level

= Poiski set function § determining this shape, and the flat biue
region represents the x - plane. The boundary of the
shape is then the zero level set of %, while the shape tself

is the set of points in the plane for which  is positive or
zero

An Hustration of the leve set method &

In the top row we see a shape changing topology by spliting in two. It would be quite hard to describe this transformation numerically
by parameterizing the boundary of the shape and following its evolution. One would need an algorithm able to detect the moment the
shape splits in two, and then construct parameterizations for the two newly abtained curves. On the other hand, if we look at the
battom row, we see that the level set function merely got translated downward. We see that it is much easier to work with a shape
through its level set function than with the shape directly, when we need to watch out for al the possible deformations the shape
might undergo

The level set equation fesi]

Ifthe zero level set moves in the normal direction to itself with a speed v. this movement can be represented by means of a so-called

Image Processing & Computer Graphics z I

Leveset method

(X, 1) — function of image and time
X - coordinates in image space
t — time (function ¢ evolves)

Function ¢ evolves according to some defined criteria
After the evolution completes equation ¢ = 0 is solved to find objects boundaries.

One of possible equations (implementations) to evolve function ¢:
op(x) A 2 2
o = 0elo)) R (p(x)) = {1 (x) = p1)” = (I(x) = o)}

e is a derivative of sign(p),

I(X) is an image grey level in range <0, 1>,

U4 4, are mean grey levels for object and background,

K is divergence of normalized gradient of ¢,

vis constant speed
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Example
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Active contour
From Wikipedi, the ree encyclopecta

WIKIPEDIA | a

The Free Encycl

contour, also called snakes. is a framework for delineating an object outline from a possibly noisy 20 image

‘This framework attempts to minimize an energy associated to the current contour as a sum of an internal and extemal energy:

avigation
Na 5 = The extemal energy is supposed to be minimal when the snake is at the object boundary position. The most straightforward

- Contents approach consists in giving low values when the regularized gradient around the contour position reaches its peak value.

= Featured content = The intemal energy is supposed to be minimal when the snake has a shape which is supposed to be relevant considering the

« Currentevents shape of the sought object. The most straightforward approach grants high energy to elongated contours (elastic force) and to

= Random aricle bended/high cunvature contours (fgid force), considering the shape should be as regular and smooth as possible.

earch This model s highly popular in computer vision, and led to several developments in 2D and 3D. Namely, in two dimensions, the active

shape model represents a discrete version of this approach taking advantage of the point distribution model to restrict the shape
&= range to an explicit domain leamed from a training set

nteraction

= AboutWikipedia
= Community portal
= Recent changes
= Contact Wikipedia
= Donateto wikipedia | | | Categories: Computer vision
= Help

See also [edit)

= Michael Kass, Andrew Witkin and Demetri Terzopoulos (1987). "Snakes: active contour models”. Inemational Jounal of
Computer Vision: 259-268. [1]@

oolbox

= Whatlinks here
= Related changes
= Uploadfile

= Special pages
= Printable version
= Permanentlink
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Active contour (parametric model)
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Active contour equations

Eg= v|T[E,‘(V(S))+ E,,(V(S))]ds Models energy
0

E, (s)= —VI((s))| image component

2 2
dv(s) 4 d*v(s) tension component

2

E.
'(V(S)) ds ds®

F(s)=-VE((s) Force minimizing the energy

Energy minimization

9°v(s,t) Ov(s,t)
O VAL | OVASSD)
o * ot
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Active contour (parametric model)

Object to find

Es= Z[Ei(v(s))+ E}, (V(S))]
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Active contour in 3D (deformable surface)

J[E (v)+E, (ves)) s
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Piotr M. Szczypinski (@ <] )

ACTIVE CONTOUR

s Active contour is a mathematical model of deformable curve made up of abstract, elastic material. It s used for computer
ek image analysis, for detection of object boundary that is presented in the computer image.

At the beginning of analysis, active contour (that has a simple, arbitrary chosen shape) is placed on the surface of the image.
Then process of matching starts, which displace and deforms active contour to fit it to the shape of objects boundary.

Process of active contowr matching performed for ultrasound image of a human heart
The purpose of the analysis is to detect a shape of left ventricle.

Some additional information on active contour may be found on the Publications page

DEFORMABLE MODEL

Deformable (elastic) modelis mathematical model for computer image analysis. It may be used for object recognition, for
finding objects co-ordinates, sze and orientation. In case of object in motion, deformable model may be used for tracking its
‘movement.

Deformable model looks ke a grid that i placed on the surface of computer image. At the first step, not deformed grid is
placed on the surface of image presenting a reference (model) object. During tis step, the information on local image feafures
is stored at every node of a grid. We can say that grid learns how reference object looks like. In the next step the grid is placed
on a suface of the image, which presents an object to be analysed. Then process of matching starts, which displace and
deforms deformable model's grid to fit a stored image of reference object to the object being analysed.
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G 1200 obrazach cyfrowych, Wydzial Elektrotechniki i Elektroniki Politechniki Lodzkiej, L6dz 2000 b}
ki ooks 3 iiiski, M. Kociolek, A. Materka, M. Strzelecki, Computer Program for Image Texture Analysis in PhD
e “Helion Students Laboratory, Tntemational Conference on Signals and Electronic Systems, L6di-Poland 2001, pp 255-262
S s « J.Jaksa, K. Slot, P. Szczypitiski, Face Recognition Using Deformable Models. International Conference on Signals
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Summary, discussion and quiz

Summary, discussion and quiz
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