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Image enhancement

Image enhancement belongs to image pre-processing methods.
Objective of image enhancement is to process the image so that it is
better suited for viewing, further processing or analysis.

Image enhancement methods are based on subjective image quality
criteria.

No objective mathematical criteria are used for optimizing processing
results.
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From Wikipedia, e fiee encyclopedia

WIKIPEDIA Tris aricle does not cite any refeonces orsources.Please help mprove this 1ice by
@ adding citations to reliable sources. Unverifiable material may be challenged and removed.
avigation (October 2008)
Wainpage
Contents In electrical engineering and computer science, image processing is any -
Featured content form of signal processing for which the input is an image, such as.
Current photographs or frames of video; the output of image processing can be either
Random afide an image or a set of characteristics or parameters related to the image. Most
earch image-processing techniques involve treating the image as a two-dimensional
signal and applying standard signalprocessing techniques to it
= Image processing usualyrefrs to digital image processing, but optial and
analog image processing are also possible. This article is about general
teraction techniques that apply to all of them.
About Wikpedia :
‘Community portal i
e 1Typical operations
Contact Wikipedia 2 Appicatons Wonochrome backte mage &
Donate o Wikipedia | | |3Seealso
Help 4 External links
obox
Whatlinks here Typical operations [edit]
Relsed changes
Uploadtle Among many other image procsssing operations are:
Specialpages + Geometic transformations siich as enlargement, reduction, and rotation
P ey = Calor comections such as brightness and contrast adjustmens,
fes DZE‘E quantization, or conversion to a diflerent color space

Digtal compositing or Optical compositing (combination of two or more

“The red, green, and biue color channeis of a photogragh 57

nguages images). Used in fimmaking to make a “matte" by Serge khalovieh ProkucinGorsk. The fourth iage i &
o = Interpolation, demosaicing, and recovery of 2 full image fiom a raw image  cososte
Bosanskl format using a Bayer fiter pattem

S0~ (W btpifen wikipeda crgfwiiDigtal_image srocessing (] (%] (5] [s00 »
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Digital image processing
From Wikipedis,he free encyclopedta

This article is about mathematical processing of digital images. For artistic processing of images, see Image editing.

by adding reliable references. Unsourced material may be challenged and removed. snusry

@ This article needs additional citations for verification. Please help improve this article
2009

ital image processing is the use of computer algorithms to perform image processing on digital images. As a subfield of digital
signal processing, digital image processing has many advantages over analog image processing: it allows  much wider range of
algorithms to be applied to the input data, and can avoid problems such as the build-up of noise and signal distortion during

earch processing
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teraction
About Wikipedia
Community portal
Recent changes
Contact Wikipedia
Donate to Wikipedia
Help

Random article

Contents frise]
1 History
2Tasks
3 Applications
31 Digital camera images
4See also
5References
6 Externallinks.

olbox History [edit]
Whatlinks here Many of the techniques of digital image processing, o digital picture processing as it was often called, were developed in the 1960s at
52::1::"?”9“ the Jet Propulsion Laboratory, MIT, Bell Labs, University of Maryland, and a few other places, with application to satelite imagery.
Spedal pages virephoto standards conversion, medical imaging, videophone, character recognition, and photo enhancement {"! But the cost of
Eiebie vecelon) processing was faifly high with the computing equipment of that era. In the 1970s, digital image processing prolferated, when cheaper

computers and dedicated hardware became avalable. Images could then be processed in real time, for some dedicated problems
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Image editing
From Wikipedis,he free encyclopedta
For the uses, culturalimpact, and ethical concems of image editing, sse Phofo maripulaton.

For the process of culling and archiving images, see Digital asset management.
Image editin

g encompasses the processes of altering images, whether they be digital photographs, traditional analog phatographs
orillustrations. Traditional analog image editing is known as photo retouching, using tools such as an aitbrush to modify photographs
or editing illustrations with any traditional at medium. Graphic software programs, which can be broadly grouped into vector graphics
editors, raster graphics editors, and 3 modelers, are the primary tools with which a user may manipulate, enhance, and transform
images. Many image editing programs are also used to render or create computer art from scratch
Contents frcel

1Basics of image editing
2Editng programs
30Digital data compression
41mage edtor features

4.1 Selection

42Laers

431mage size alteration

47 Removal of unwanted slements

48 Selective color change

49 Image orientation

4110 Perspective correction and distortion
411 Lens correction

412

Image histogram and point processing
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number of pixels

pixel grey-level
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Image histogram

From Wikipedia, the free encyclopedia

WIKIPEDIA | An image histogram is type of histogram which acts as a graphical representation

The Free Eneyclopedia | ot he tonal distribution in a digital image. !t plots the number of pixels for each
aigation tonal value. By looking at the histogram for a specifc image a viewsr il be able to
Main page judge the entre tonal distributon at a glance.
Contents
e o Image histograms are present on many modem digital cameras. Photographers can
e e use them as an aid to shaw the istribution of tones captured, and whather image
Random arlice detail has been lost to blown-out highiights or blacked-out shadows.?
s The harizontal axis ofthe graph represents the tonal vriatons, whil the vertical axis

represents the number of pixels in that particular tone ("l The left side of the horizontal
axis represents the black and dark areas, the middle represents medium grey and
the right hand side represents light and pure white areas. The vertical axis, on the
other hand, represents the size of the area which is captured in each one of these

Sunfower mage

wracion
snoutwinpeca

Community portal ioulati i =
Gommiypotsl || Image manipulation and histograms fed]

Contact Wikipedia

Do to Winpesia || Image editors typically have praisions o create a histogram o theimage being edited
Help

The histogram plots the number of pixels in the image (vertical axis) with a particular
brightness value (horizontal axis). Algorithms in the digital editor allow the user to visually
adjust the brightness value of each pixel and to dynamically display the results as Histogram of Sunfower image:
adjustments are made ¥ Improvements in picture brightness and contrast can thus be

obtained

olbox
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Special pages See also [edit]
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Histogram stretching
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Linear or nonlinear?

T A Examples created with GIMIP software
hitp:/iwww.gimp.org/
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Gamma correction

Dizywe
[ e [Y]
i +a

wote ] pamot) (]

Dz | Wygadzons )

L, p=1,"G))

I,e<01> Linear or nonlinear?

Examples created with GIMP software http://www.gimp.org/
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Gamma correction

From Wikipedia, the free encyclopedia

WIKIPEDIA | Gamma correction, gamma nonlinearity, gamma encoding, or often simply gamma, is the

The Free Encycopedia. | name of a nonlinear operation used to code and decode luminance or tristimulus values in video o
avigation still image systems ["! Gamma correction s, in the simplest cases, defined by the following

Main page power-law expression

Contents ,

Featured content Vour = Via

Current events.

where the input and output values are non-negative real values, typically in a predstermined range
Random article

such as 0to 1. Agamma vaiuey < 1 s sometimes called an encoding gamma, nd the
earcn process of encoding with this compressive power-law nonlineariy is called gamm:
compression: conversely a gamma value % > L is called a decoding gamma and the

application of the expansive power-law nonlinearity is called gamma expansion. S
s e

teraction
About Wikipedia
Community portal
Recent changes
Contact Wikipedia

1Explanation

2 Generalized gamma

3Windows, Mac, SRGB and TVMdeo standard gammas
4 Power law forvideo display

Donate to Wikipeaia | | | Methods to perform display gamma correcton in compuiing
Help 6 Simple monitor tests
7Photography
olbox 8 Terminology

Whatlinks here

1 External links.
i vetebon 1.1 General information
emaneni Bk 11.2 Honitor gamma tools
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Gamma correction
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Examples created with
Microsoft Photo Editor
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Histogram equalization (idea)

o(f) P9

) S

0 f L-1 0 g L1
py(f)=hist[f/MN Po(g)=1/(L-1)
Histogram equalization aims at obtaining

uniform statistical distribution of image gray
levels (uniform probability density function)
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Cumulative distribution function

From Wikipedia, the free encyclopedia

WIKIPEDIA | i probabity theory and statistics. the cumlative distribution function (CDF) or just distribution function, ") completely
iyt describes the probability distribution of a real-valued random variable X. For every real number x, the CDF of X is given by

avigation
— Fy(z) =

Wainpage = Fy(z) SP(X <),

Gontents ‘where the right-hand side represents the probabilty that the random variable X takes on a value less than or equal to x. The probabilty

Fealured content that X lies in the intenval (s, 6] is therefore #y(8) ~ F3(e) ifa < b

Curent event

Ran:g;;"“; Iftreating several random variables X, ¥, __etc. the corresponding letters are used as subscripts while, iftreating only one, the

subscrpt s omited. It is comventionlto use a capital ¥ for a cumulative distrbution function, in contrast to the lower-case £ used for

earch

probability density functions and probability mass functions. This applies when discussing general distributions: some specific
distributions have their own conventional notation, for example the norma distribution.

teracton F(s
About Wikipedia

The CDF of X can be defined in terms of the probabilty density function f as folows:

]; F(t)dt.

Community portal Note that in the definition above, the “less or equal” sign, ' is a convention, but it is a universally used one, and is important for
Recent changes discrete distributions. The proper use of tables of the binomial and Poisson distributions depend upon this convention. Moreover,
Contact Wikipedia important formulas like Levy's inversion formla for the characteristic function also rely on the “less or equal” formulation
E;n;xsm. Kipedia Contots

o 1Properties
e 1.1 Point probabilty
Reid S inges 2Kolmogorov-Smimav and Kuipers tests
Upload e 3 Complementary cumulative distribution function
Special pages 4Folded cumulative distribution
Printable version 5 Examples

5l

Image Processing & Computer Graphics I:I

Cumulative histogram

1000 15

o s0 100 150 200 250 o 50 10 150 200 250

Histogram Cumulative histogram
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Corresponding histogram (red) and cumuative histogram &
(viack)

I

Corresponding istogram (red) and cumuitive histogram &
)

o

The same image afer histogram equalizaten

Notes [edit]

1

A Laughiin, $.8 (1981). A simple coding procedure enhances 3 neuron's information capacit. Z Naturorsch. 9-10(36:910-2
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Histogram equalization vs. gamma correction

o -
2
S ‘
| l hllmmmnmnm
1 011

Histogram equalized
(is it a point processing method?)
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Image filtering

Image filtering

i 1]
‘ In spectrum (Fourier) domain ‘

In spatial domain
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Image filtering in spectrum domain

g.y) = IFFT{ H(u,v) FFT{f(x,y)} }

§ource FFT IFFT H Qutput
image image

fxy) gxy)
H(u,v)
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Fourier transform

F(u)= [ f(x)e”/*™dx| forward

Joseph Fourier
(1768-1830)

fx)= TF(u)ejzmdu inverse

o0
F(u) - Fourier coefficients
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«Gha P Fourier transform
paR=e)

From Wikipedia, the free encyclopedia

WIKIPEDIA This artice specifically discusses Fourer transfornation of functions on the rea in; forother kinds of Fourer transformation,
The Free Encyclopedia see Fourier analysis and list of Fourier-related transforms.

avgation In mathematics, the Fourier transform is an operation that transforms one complex-valued function of a real variable into another.
g The new function, often called the frequency dorain rpresentation of the original function, describes which frequencies are present in
Featured content the original function. This is in a similar spirit to the way that a chord of music can be described by notes that are being played. In
Curtentevents

effect, the Fourir transform decomposes a function into oscilltory functions. The Fourier transform (FT) is similar to many other
operations in mathematics which make up the subject of Fourier analysis. In this specific case, both the domains of the original
function and its frequency domain representation are continuous and unbounded. The term Fourer transform can refer o both the
osich) frequency domain representation of a function or to the process/formula that “transforms” one function into the other.

Random article

Contents [rde]

Fourier transforms
i Continuous Fourier transform
tracion 2 noducion
About Wikipedia 3 Properties of the Fourier transform Fourier series
Communty ot 31 Basicproperes

Discrete Fourier transform
2L

andthe Riemann-L

Discrete-time Fourer transform
Contact Wikipedia 33 The Plancherel theorem and Parseval's thearem

Donate to Wikipedia 3.4 Uncertainty principle

Help 35 Poisson summaton formula
olbox. 356 Comvolution theorem

hatlinks here 37 Cross-correlation theorem
Related changes 38 Eigenfunctions

Upload file 39 Spherical hamonics

Special pages 4 Generalizations
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Walt

Nederlands

S Definition [edit]
Norsk (vokmal)

Polski There are several common conventions for defining the Fouriertransform of a integrable function - R — C (Kaiser 1994). This article
Portugués will use the defintion

Romdna 5 oo i

Pycorni & :/ flx) €™ dx, for every real number € (This letter is the lowercase Greek letter i)

Simple English o

Sloventina When the independent variable  represents fime (with SI unit of seconds), the transform variable ¢ represents ordinary fiequency (in

STy hertz). Under suitable conditons, f can be reconstructed from f by the inverse transform:

uomi

St (@) L " F() €7 de, ooy e e«

Tiéng viét

Lo For other common conventions and otations see the sections Other conventions and Other notations below.

Introduction [edit]

See also: Fourier analysis

The motivation for the Fourier transform comes from the study of Fourier series. In the study of Fourier series, complicated periodic
functions are written as the sum of simple waves mathematically represented by sines and cosines. Due to the propeftis of sine and
cosine it is possible to recover the amount of each wave in the sum by an integral In many cases it is desirable to use Eulers
formula, which states that 62™ = cos 2176 + i sin 218, to write Fourier series in terms of the basic waves 6™ This has the
advantage of simplifying many of the formulas imvolved and providing a formulation for Fourier series that more closely resembles the
definiion folowed in this article. This passage from sines and cosines to complex exponentials makes it necessary for the Fourier
coeffcients to be complex valusd. The usual interpretation of this complex number is that it gives you both the amplituds (or size) of
the wave present in the function and the phase (or the inital angle) of the wave. This passage also introduces the need for negative
“frequencies”. If  were measured in seconds then the waves €2 and 2™ would both complete one cycle per second, but they
represent diferent frequencies i the Fourier transfom. Hence. frequency no longer measures the number of cycles per unit time, but
is clossly related

We may use Fourier series to motivate the Fourier transform as follows. Suppose that £ is a function which is zero outside of some
interval [-LJ2, L/2]. Then for any T L we may expand f in a Fourie series on the interval [~T/2.T/2], where the “amount” (denoted by

5 )~ (W ntpten witpe.rgfwbaFouser_tenstorm 4] (52)[x] [co00 »
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Fourier transform of functions in L for the range 2 < p < = requires the study of distributions (Katznelson 1976).In fact, it can be
shown that there are functions in L° with 0>2 0 that the Fourier transform is not defined as a function (Stein & Weiss 1971).

Multi-dimensional version (edit

The Fourier transform can be in any arbitrary number of dimensions . As with the one-dimensional case there are many conventions,
for an integrable function f(x) this article takes the defiition:

FO=FN©O= [ fajer=tds

Where x and € ae imensionsl wectos, and x- 8 the dat product ofthe vectars. The dotproductis sometimes writen as {Z £).

Al o the basic propertis listed above hold for the n-imensional Fouriertransform, as do Plancherafs and Parseval's theorems.
When the function is integrable, the Fourier transform is still uniformly continuous and the Riemann-Lebesgue lemma holds. (Stein &
Weiss 1971)

In higher dimensions it becomes interesting to study restriction problems for the Fourier transform. The Fourier transform of an
integrable function is continuous and the restriction of this function to any set is defined. But for a squareintegrable function the.
Fourier transform could be a general class of square inteqrable functions. As such, the restriction of the Fourier transform of an L%R")
function cannot be defined on sets of measure 0. It is still an active area of study to understand restriction problems in L? for

1< p <2 Surprisingly. it is possible in some cases to define the restriction of a Fourier transform to a set S, provided S has non-zero
curvature. The case when S is the unit sphere in R” is of particular interest. In this case the Thomas-Stein restriction theorem states
that the restriction of the Fourier transform to the unit sphere in R” is a bounded operator on L° provided 15 p < (2 + 2)/(n + 3).

One notable diflerence between the Fourier transform in 1 dimension versus higher dimensions concems the partial sum operator. For
a given integrable function f. consider the function f,, defined by.

frlz) = / fe)em=tde, zeR".

Suppose in addiion that £ is in L°(R") Forn =1and 1<p <, if one takes S = (-R. R). then f, comerges to f in L° as Rtends to
infinty. by the boundedness of the Hilbert Transform. Naively one may hope the same holds true for n > 1. In the case that S is
taken to be a cube with side length R. then comiergence still holds. Another natural candidate s the Euclidean ball S, 11 <R}
In order for this partial sum operator to converge, it is necessary that the multipier for the unit ball be bounded in L°(R?). For n > 2itis
a celebrated theorem of Charles Fefferman that the multiplier for the unit ball s never bounded unless p = 2 (Duoandikoetxea 2001). In
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Basic properties edit]

Given integrable functions (). g(e). and hx) denote theirFouiertransforms by £ (¢). (&), and (&) respectively. The Fourier
transform has the following basic propeties (Pinsky 2002).
Linearity

For any complex numbers a and b, if h{x)

161+ ot then h(€) = a - f(€) +b- §(€)-
Translation

For any real number x,, if h(x) = f(x - ;) then },(g) — g~ 2mizof f(g)_

Modulation
2

For any real number &, if h(x) =

o ten () = F(€ — &)

Scaling

For all non-zero real numbers a, if h(x) = f(ax), then h(€) = ~1leads to the time-reversal

property, which states: if ) = f(-x), then h(€) = f(—€)
Conjugation

th(z) = F(z).then j(e) = F(_£)
Convolution P P

th(z) = (f * g) (z) tnen h(€) = f(€) - §(€)-

Uniform continuity and the Riemann-Lebesgue lemma (edit

The Fourier transform of integrable functions have additional properties that do not always hold. The Fourier transform of integrable
functions  are uniformly continuous and | f ||, < || || (Katznslson 1876). The Fouriertransform ofintegrable functions also
satisfy the Riemann-Lebesgue lemma which states that (Stein & Weiss 1971)
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[Important properties of the Fourier transform
Suppose we are given two finctions f'and g, vith Fourier transforms F and G, and suppose that a and b are constants. Then

« The Fourier transform s finear, thatis,
Flaf(e) +bg(y)) = eF(w) + bG{

« Changing spatial scale inversely affects frequency and amplitude, that i,

1w
F(f(az)) = =F(=).
(flez)) = ZF(=)
« Shifting the function only changes the phase of the spectrum, that s,

F(f(o—a)) = F)e™".

We can also take advantage of the spatial domains as foll

o () is real, then F{—w) = Flw)* = =
P P em——— gy g o Real part is an even function
Imaginary part is an odd function

o £ s even, then F(—w)

o /() is odd. then F{—w)

icre, the notation  indicates the complex conjugate operation. Thus, i /1) i real and even, then /(%) i real and even, and ffix) i real and 0dd. thea

215 [ if.ed. T Tajnode2.himl [l 2] [] 600 £
ik Edycja  Widok Ulubione  Narzedzia  Pomog
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i many applications only the is needed and the phase infc discarded. However, despite this common practice, phase
information should not be ignored. In images, as in sound signals, phase carries considerable information [3]. Openheim and Lim have shown that f we

i of one image and the ph of another, itis the
hase data that we perceive, if somewhat degraded

Figure 5: The amplitude data are taken from
the vdu image and the phase data are taken
from the face image.
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Figure 6: The phase data dominates our
‘perception
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Discrete Fourier transform

From Wikipedia, the free encyclopedia

WIKIPEDIA e 115 e gt hat Aot complity o e dcree Fourr st b
merged into this artcle or section. (Discuss)
aigation
Wain page This article includes 3 st of references or extemal links, but its sources remain unclear
Contents ? | because it has insufficient inline citations. Please help to improve this article by
Featured content —introducing more precise citations where appropriate. (snuary 2009)
Gurrent events
Random arcle In mathematics, the discrete Fourier transform (DFT) is one of the specifc forms of Fourier e —
analysis. I transforms one function into another, which is called the frequency domain
earch Continuous Fourier transform
representation, or simply the DFT. of the original function (which s often a function i the time
domain). But the DFT requires an input function that is discrefe and whose non-zero values have a | 0urier series
(=] limited (finite) duration. Such inputs are often created by sampling a continuous function, like a Discrete Fourier transform

person's vaice. And unlike the discrete-time Fourier transform (DTFT), it only evaluates enough
frequency components to reconstruct the finite segment that was analyzed. ts inverse transfom
‘cannot reproduce the entire time domain, unless the input happens to be periodic (forever)
Therefore it is often said that the DFT is a transform for Fourier analyss of finite-domain discrete-time functions. The sinusoidal basis

Discrete-time Fourier transform
teraction

Retstea vansorms
About Wikipedia

Community portal

Recent changes
AW functions of the decomposition have the same properties
Donate fo Wikipedia | | Since the input function is a finite sequence of real or complex numbers, the DFT is ideal for processing information stored in
Help computers. In particular, the DFT is widely employed in signal processing and related fields to analyze the frequencies contained ina
o sampled signal, to solve partial diflerential equations, and to perfor other operations such as comvolutions. The DFT can be
it ‘computed eficiently in practice using a fast Fourier transform (FFT) algorithm
Related changes Since FFT algorithms are so commonly employed to compute the DFT. the two ters are often used interchangeably in calloguial
Upload fle

settings, although there is a clear distinction: “DFT" refers to a mathematical transformation, regardless of how it is computed, while

Special pages “FFT" rfers to any one of several effcient algorthms for the DET. This distinctionis further blurred. however, by the synonym fite

£ ) (W ntpfen wiiped.rgfubart ][] [¢] [soos B

ik Edycje  Widok  Ulbene Nerzeda  Pomog

Foogie 3~ (] suuko e | B+ O zakodie | [@znwidt - P swandt - ElAwoumpelnioni & - () zsboousie
=x v ‘ ‘ v B v @ v [ stona + () Narzedaia -

Log in/ create account
article || discussion | | editthis page | [ history

Fast Fourier transform ‘

From Wikipedia, the free encyclopedia
® mFF)

‘WIKIPEDIA
The Free Encyclopedia “FFT" redirects here. For other uses, see FFT (disambiguation).

avigation Afast Fourier transform (FFT) is an efficient algorithm to compute the discrete Fourier transform (DFT) and its inverse. There are
Main page many distinct FFT algorithms invohing a wide range of mathematics, from simple complex-number arithmetic to group theory and
Contents

number theory; this article gives an overview of the available techniques and some of their general properties, while the specific

e
Fealured content algorithms are described in subsidiary articles linked below.

il A DFT decomposes a sequence of values into components of diferent requencies. This operation is usefulin many fields (see
discrete Fourier transform for properties and applications of the transform) but computing it directly from the defintion s often too slow
earch to be practical. An FFT is a way to compute the same result more quickly: computing a DFT of N points in the obvious way, using the
defintion, takes O(N %) arithmetical operations, while an FFT can compute the same result in only O(N'log N) operations. The
(=) difirence in speed can be substantial, especially for long data sets where N may be in the thousands or millons—in practice, the
‘computation time can be reduced by several orders of magnitude in such cases. and the improvement s roughly pmpnmnnz\ to Nilog
teracton (N). This huge improvement made many DFT-based algorithms practical; FFTS are of great importance to a wide

About Wikipedia apphcmmns from digtal signal processing and salving partial differential equations to algorithms for quick mumphcamn nHarge
Community portal

Recent changes

Contact Wikipedia The most well known FFT algarithms depend upon the factorization of N, but (contrary to popular mnsnnm:splmn) there are FFTs with
Donate to Wikipedia || O(N log N) complexity for allV, even for prime N. Many FFT algorithms only depend on the fact that o~

Help

2% is an Mh primitive root of
unity. and thus can be applied to analogous transforms over any finite fild. such as number-theoretic wanchoms.

olbox Since the inverse DFT is the same as the DFT, but with the opposite sign in the expanent and a 1/N factor, any FFT algorithm can
Whatlinks here easily be adapted for it

Upload file Contents e
Special pages 1 Defnition and speed

Image Processing & Computer Graphics EI

Image filtering in spectrum domain

Examples created with GIMIP software
with FFT plugin by Remi Peyronnet

Projekt wspdifinansowany przez Unig Europejska. o enorosa
KAPITAELUDZKL w ramach Europejskiego Funduszu Spolecznego i
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l Image filtering in spectrum domain

A i

IFFT

Projokt wspSifinansowany przez Unig Europeiska mneercsna
w ramach Europejskiego Funduszu Spolecznego Pt -

Image Processing & Computer Graphics ;a

l Image filtering in spectrum domain

i

Projekt wspdifinansowany przez Unig Europejska [RO—
e gt St b ;|

Image Processing & Computer Graphics :a

Image modification in spectrum domain

Projokt wspSifinansowany przez Unig Europeiska neeresna
w ramach Europejskiego Funduszu Spolecznego ot -
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Image filtering in spatial domain

Source
image

Sxy)

g(xy)

Image Processing & Computer Graphics a

g(xy) = h(x,y)**x,y)

Projekt wspdifinansowany przez Unig Europejska
w ramach Europejskiego Funduszu Spolecznego

Image and filter mask convolution

h(-1,-1)| h(-1,0)| h(-1,1)

h(0,-1)[ h(0,0) | h(0,1)

h(1,-1)| h(1,0)| h(1,1)

G(ij) =
EEI N =R (i)
1-141) 1116141 |
h0-1) h©.0) |ho.1)

hir,7) A(L.0) | A1)

Image Processing & Computer Graphics z I

3x3 mask example

(-1 -DR(1,-1) + 1G-1,)R(-1,0) + 1G-1 j+1)h(-1,1)+
G 1G] 160 Iii-1)h(0,-1)  + 1(i,j)h(0,0)
(i

+ I(i,j+1)h(0,1)+

g wergfonsd  WFELEDD(-1) + 1E+)(1,0) + 1(+1,7+1)h(1,1)

w ramach Europejskiego Funduszu Spolecznego

Projekt wspétfinansowany przez Unig Europejske
P o e e
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Convolution

From Wikipedia, the free encyclopedia

'WIKIPEDIA For the usage informal language theory, see Convoluton (computer science).
The Fre Encyopedia

g In mathematics and, in particular, functional analysis, convolution is a

aigation

mathematical operation on two functions £ and g, producing a third function that is
iy typically viewed as a modified version of one of the original functions. Convolution
e ool is similarto cross-carrlation. It has applications that include statistics, computer
rrent events vison, image and signal processing, electica engineering, ped ikt
Random article equations

Hiain page

convolution can be defined for periodic functions (that s
functions on the circle), and the discrete comvolution can be
defined for functions on the set of integers. These
generalizations of the convolution have applications in the
field of numerical analysis and numerical linear algebra, and

teraction

About Wikipedia
Community portal

el in the design and implementation of finte impulse response
s Wiksia fiters in signal processing .
Donate to Wikipedia Contents (nse] /
e 1 Definition :
olbox 1.1 Circular convolution
Whatlinks here 2Discrete convalution
Related changes 21 Circular discrete convolution
Upload e

22 Fast convolution algorithms

Special pages 3Domain of definition

*

e ‘The convolution can be defined for functions on groups -
other than Euclidean space. In patticular, the circular _ v 4 -~

Log in  create account

This artcle contains special

proer rendering support you may see
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Convolution example (averaging/bluring)

‘w Y

b

Projekt wspdifinansowany przez Unig Europejska [R———,
02K w ramach Europejskiego Funduszu Spolecznego o -

Image Processing & Computer Graphics n

Convolution example (sharpening)

‘W k)

Ao

1 podsd
o ' s
+ 1
T 2z =

( rodeiinic 3| ) praguncc

[ Namsia

e e

Projekt wspdifinansowany przez Unig Europejska
w ramach Europejskiego Funduszu Spolecznego

Image Processing & Computer Graphics E

I Convolution vs. Fourier transform

Source "<+l Output Source FFT ma(X) \FFT Output
image g image image T image

Axy) g(xy) foey) 80x)
h(x.y) )

gy) = IF{ H(u,v) F{flxy)} } =

IF {Hw,v)}** IF {F {fixy)} } = h(x.y)**f(x.y)

\ hxy) = IF {H(uv)) \

‘ H(u,v) = F{h(x)y)} ‘

Projekt wspdifinansowany przez Unig Europejska JR———,
L w ramach Europejskiego Funduszu Spolecznego o -
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l Sobel’s edge (gradient) detection

= obel's edge dgg&l:)r
O O Oant
L )

Projekt wspdfinansowany przez Unig Europeiska.
w ramach Europejskiego Funduszu Spolecznego

Image Processing & Computer Graphics :A :’

l Sobel’'s edge (gradient) detection

eodad

e Sobel’s edge detector
s [ | Oww
O o -
o To— o~ oo | Esay
Podzelik: |1 <Pr=m=ue. 128 > (=2
O tormley
O e afal
e
Projekt wspdfinansowany przez Unie Europejska ———"
w ramach Europejskiego Funduszu Spolecznego runousz ot -

Image Processing & Computer Graphics :‘ a

l Roberts edge detection

Projekt wspoffinansowany przez Unig Europejska U EuROPEISKA
KAPITAL LUDZK! w ramach Europejskiego Funduszu Spolecznego P




Image Processing & Computer Graphics a

Edge detection

Ligo G ) =AL G )+ 1)

Nonlinear!

Projekt wspdifinansowany przez Unig Europejska [R———,
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Edge detection

From Wikipedia, the free encyclopedia

WMIKIPEDIA Edge detection is a teminology in image processing and computer vision, particularly in
TheF

ree Encyclpedia | the areas of feature detection and feature extraction, to refe to algorithms which aim at Eestiredstection

avgation identityng points n a digitalimage at which the image bightness changes sharply or more

ain page formally has discontinuites.

Contents

Featured content Contenits uie]

Gurtentevents 1 Hotvatons

Random artce 2 Edge propertes
carch 34 simple edge model

4 Why edge detection is 3 non-tivialtask
5 Approaches to edge detection

=3

teraction
About Wikipedia

Output of a typical comer detecton
aigorth

53 Thresholding and linking

ke 5.4 Second-order approaches o edge detection S cefecton
o a s 5.4.1 Diflerentil edge detection canny
okl v 55Phase Congruency Based Edge Detection Canny-Derene
Donate o Wikipedia | | |6 References Differental
Help 7seeaiso
Sovel
olbox .
S Motivations (edit Interest point detection
Corner detection
Related changes
Ui 2 The purpose of detecting sharp changes in image brightness is to capture important events e
Eiemt and changes in propertes of the world. It can be shown that under rather general
Erinnic iR assumptions for an image formation model, discontinuities in image brightness are ikely to Shiand Tomasi
Permanent link correspond to Levelcurve curvature
Cftethis page = discontinuiies in depth susan
nguages . in surace orientation, z

(5 © - (W rpiin wipeda crajubisabel_iter

ik Edycis Widok  Uubone  Warasdsa Pomog
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ot Sobel operator
From Wikipedia, the free encyclopedia
< (Redrecied fm Sobel er
‘WIKIPEDIA
The Free Encyclopedia | The Sobel operator is used in image processing, particularly within edge
aigation detection algorithms. Technicaly, it is a discrete diferentiation operator,
Main page ‘computing an approximation of the gradient of the image intensity function
Contents At each point in the image, the result of the Sobel operator is either the
Featured content corresponding gradient vector or the norm of this vector. The Sobel operator
Gurrent events is based on comvohing the image with a small, separable, and integer valued
Random article filter in horizontal and vertical direction and is therefore relatively inexpensive
oo in terms of computations. On the other hand, the gradient approximation
which it produces is relatvely crude, in particular for high frequency variations
in the image.
[ Contents el

teraction 1 Simplified description

About Wikipedia 2 Formulation
Community portal
Recent changes

Contact Wikipedia

3 blore formally
4 Technical details

Donate o Wikipedia || |2 EX2mPIe
oo 6 Scharr Operator
7seealso
olbox 8 References
Whatlinks here 9 Externallinks
Related changes
Upload e o < o
Special pages Simplified description [edit]
Printable version
Permanent link In simple tems, the aperator calculates the gradient of the image intensity at
Gite this page each point, giing the direction of the largest possible increase from light to
dark and the rate of changs in that direction. The result therefore shows how
nguages

“abruptly” or “smoothly” the image changes at that point, and therefore how in hat imane

2]
)
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Roberts Cross

From Wikipedia, the free encyclopedia

WIKIPEDIA | in computer ision, the Roberts' Cross operator is one of the earlest edge.

(e Erae Pyt ection algorithms, which works by computing the sum of the squares of
avigation the differences between diagonally adjacent pixels. This can be

Main page accomplished by convoling the image with two 242 kernels:

Contents

Featured content {H 0 ] and { 0 +1]

Gurrent events 0 —1 1 0

Random artcle
— In other words, each pixel in the output image is calculated as follows

tmp1 = absolute_value(input_image(x.y) - input_image(x+1.y+1))

tmp2 = absolute_value(input_image(x+1.y) - input_image(x.y+1))
output_image(x.y) = tmp1 + tmp2
teracton Robers' Cross is stil in use due to the speed of computation, but

About Wikipedia performance compared to the altematives is poor, with noise sensitiviy a CLERO0EE S

Communiy portal significant problem. i produces finer lines than other edge detection

Recent changes methods. It is sometimes called Roberts Fiter

Gontact Wikpedia

Donate to Wikipedia || See also [edit)

Help

= = computer vision

e = digital image processing

Related changes = edge detection

Upload le = feature detection (computer vision)

Special pages = feature extraction

Printable version = Sobel operator A more advanced edge-detection operator that uses a

emanerd f1k similar technique

Gite this page
ngusges The Roberts operator appled f tht mage.

©

| W hitpsjfen.widpeds orajwkiprenitt

ik Edycls Widok  Ubbione Nerzsdzis Pomoc

- |2 Strona + G Nergegein +

¥ g0 (23]~ | Wedge detecio.. |W/sobelopersto... | W/ Canny edge .| WPremit .. X |\W/Rabers Cros,

T aT

Contents Description {ecit)
Featured content
Gurrent events Various kemels can be used fr this operation. The whole set of 8 kemels is produced by taking one of the kerels and rotating its
Random article coeficients circularly. Each of the resulting kemels is sensitive to an edge orientation ranging fiom 0° to 315 in steps of 45°, where 0°
i corresponds to a vertcal edge.

The maximum response for each pixel is the value of the comesponding pixel in the output magnitude image. The values fo the output
orientation image lie between 1 and 8, depending on which of the 8 kemels produced the maximum response.

This edge detection method is also called edge template matching, because a set of edge templates is matched to the image. each
teracion representing an edge in a certain orientation. The edge magnitude and orientation of a pixel is then determined by the template that
About Wikipedia matches the local area of the pixel the best
Communty portal
Recent changes
Contact Wikipedia

The Preuwitt edge detector is an appropriate way to estimate the magritude and orientation of an edge. Although differential gradient
edge detection needs a rather time-consuming calculation to estimate the orientation from the magnitudes in the x- and y-directions.

Donate to the Prewitt edge datection obtains the orientation directly from the keral with the maximum response. The set of kemels is limited to
Help 8 possible orientations; however experience shows that most direct orientation estimates are not much more accurate.
olbox. On the other hand, the set of kernels needs 8 convolutions for each pixel, whereas the set of kernel in gradient method needs only 2,
e — one kemel being sensitive to edges in the vertical direction and one to the horizontal direction. The result for the edge magnitude
Related changes image is very similar with both methods, provided the same convolving kemel is used.
Upload fle
Special pages Formulation [edit]
Printable version
Permanent link Mathematically, the operator uses two 3x3 kemels which are convolved with the original image to calculate approximations of the
Cite this page derivatives - one for horizontal changes, and one for vertical. If we define A as the source image, and Gix and Gy are two images
T which at each point contain the horizontal and vertical derivative approximations, the later are computed as
Deutsch ~1 0 +1 £ P |
Gy=|-1 0 +1|*A and Gy=[0 0 0 [*A
-1 0 +1 +1 +1 +1
See also [edit]
bl coeizi
1)~ | W hitpifjen.wikiedia.org/uiki{Canny_edge_detection ] [*2][x »
i Edycla widok Udbione WerzedziaPomog.
v & (8]~ \Wedge detscio,. | W/ Sobeloperatos .| W/Canny ed... X |\ Prewkt- Wik | W/ Roberts Cros T v B - @ - [strons - G Narzeda -

Contents [rie]
1 Development of the Canny aigorithm
2 Stages ofthe Canny algorithm
211 Noise reduction
22 Finding the intensity oradient of the image
23 Non-maximum suppression
24 Tracing edges through the image and hysteresis thresholding
25 Differential geometic formulation ofthe Canny edge detector
3Parameters
4 Conclusion
5References
6Seealso

7 Extemallinks “The Canny edge detector appied fo @ colour photograph &7
of 8 steam engne. (See the ongnal image here &)

Development of the Canny algorithm (et

Canny's aim was to discover the optiml edge detection algorithm. In this situation, an "optimal” edge detector means

= good detection - the algorithm should mark as many real edges in the image as possible

= good localization - edges marked should be as close as possible to the edge in the real image.

= minimal response - a given edge in the image should only be marked once, and where possible, image noise should nat create
false edges

To satisfy these requirements Canny used the calculus of variations - a technique which finds the function which optimizes a gien

functional. The optimal function in Canny’s detector is described by the sum of four exponential terms, but can be approximated by

the fist dervative of a Gaussian

Stages of the Canny algorithm fedi]

Noise reduction (edit

Because the Canny edge detector uses a fiter based on the first derivative of a Gaussian, it is ey |
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Image Processing & Computer Graphics a
Nonlinear filters

G(ij) =
&g (-1-1) + 1(-1)h(-1,0) + 1(i-1,j+1)h(Let
g7 1)h(0, 1)+

\ 7 h(xy) = IF (Huy)) SN \
> N

K H(wy) = Flh(x)) N
" Jr— B (=]

Image Processing & Computer Graphics EI
Median filter

The median m of a set of values (e.g.
image pixels in the filtering mask) is such
that half the elements in the set are less
than m and other half are grater than m.
x(m={1,5,-7,101,-25,3,0, 11,7}

Sorted sequence of elements:
x(n)=(-25,-7,0,1,3,5,7, 11,101 }
AN

Projekt wspdifinansowany przez Unig Europejska
L, w ramach Europejskiego Funduszu Spolecznego

Image Processing & Computer Graphics zl
Median filter

! N

a(cy)=medianff(cy); (xy)<h)

source image f output image g
g oo o etiarsonay s Un Evoita [ ]

18



)+ (W hepen vitped.rgfwbeden e

ik Edycis Widok Uubione  Warasdaa Pomog

& [e3]-[w Iw B T—
Togin  create account
article | [ discussion | | edt this page | history
Median filter

From Wikipedia, the free encyclopedia

In image processing it is usually necessary to perform a high degree of noise reduction in an
image before performing higher-evel processing steps, such as edge detection. The median
filter is a non-linear digita fitering technique, often used to remove noise from images or other
signals. The idea is to examine a sample of the input and decide it is representative of the
signal. This is performed using a window consisting of an odd number of samples. The values
in the window are sorted into numerical order; the median value, the sample in the center of
pibrlivbtied the window, is selected as the output. The oldest sample is discarded, a new sample
acquired, and the calculation repeats

carch] Median fitering is 2 common step in image processing. It is particularly useful to reduce
speck noise and salt and pepper noise. Its edge-presening nature makes it usefu in cases
where edge blurting is undesirable

oo G mesantir
teraction Corre (B Example of 3 median fiters o varying&)
About Wikipedia 1Example adi appied o the same noisy
Community portal 2 Common problems photograph. inplemented n Adobe
Recent changes 3Pseudo code Photoshop.
Contact Wikipedia 4See also

Donate to Wikipedia 5 Extemallinks
Help

olbox Example

[edit]
Whatlinks here
Related changes To demonstrate, the median fiter will be applied to the following aray with a window size of 3, repeating edge values:
Upload fie c=28063]
Special pages
Printable version VI1] = Median[2 2 80] =2

(2] = Median[2 80 6] = Median[2 6 80] = 6

Image Processing & Computer Graphics ﬁ

Median filter

Median

Resut

Examples created with Corel Photo-Paint 8

Projekt wspofinansowany przez Unig Europejska J—
KAPITALLUOZK W ramach Europejskiego Funduszu Spolecznego ] -

Image Processing & Computer Graphics a

Image morphology

Median filter...
What about minimum or maximum filters?

Projekt wepslinansowary przez Unig Ercpeisa o
XLz e Eunapeiiogn s Spotesinogs = R
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Image morphology - erosion

Minimum filter — morphological erosion
Maximum filter — morphological dilation

(=

El o

Examples created with Corel Photo-Paint &= T X 3

Image Processing & Computer Graphics EI

Image morphology - erosion

Minimum filter — morphological erosion

Maximum filter — morphological dilation
T
Rads [160 | pts
™ Preview
o | cancel

< Maximum.

Radius 100 | picels.

I~ Preview

oK | cancel

Examples created with ImageJ 1.41

Projekt wspétfinansowany przez Unie Europejska B
KAPTALLUDZK w ramach Europeskiogo Funduszu Spolecznego P~ _
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Mathematical morphology

From Wikipedia, the free encyclopedia

'WIKIPEDIA Forother usss, see Mophology
| The Free Encyclopedia .

e Mathematical morphology (M) i a theory and technique forthe analysis and processing of
iga

geometical structures, based on st theary, lattice theary, topology. and random functions. MM is
most commonly applied to digital images, but it can be employed as well on graphs, suface

meshes, solids, and many other spatial structures.
Featured content v P

Current events Topological and geometrical continuous-space concepts such as size, shape, convexity.
Random artcle connectivity, and geodesic distance, can be characterized by MM on both continuous and discrete
= spaces. MM s also the foundation of morphological image processing, which consists of a set of

operators that transform images according to the above characterizations

MM was originally developed for binary images, and was later extended to grayscale functions and
images. The subsequent generalization to complete ltiices is widely accepted today as MM's

[=3]

feraction theoretical foundation.
Contents e Ashape (mbbe anats 5
1 History! 11213 ‘morphological diation (in green) and.
b eroson (@ yelow) by 8 damond-
Pl ‘shape structuring element.
Donateto Wikipedia 2.1 Structuring slement
Help 228asic operators
221 Erosion
lbox 2.2.2 Dilation

Whatlinks here

ey 223 0pening
lated changes paoen

el 2.2.5 Properties of the bz e
Specialpages s Properes ofthe basic operators

Printable version 2.3 Other operatars and tools
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Erosion (morphology)

From Wikipedia, the free encyclopedia

[WIKIPEDIA | For use of "Erosion” in demmatopathology, e Erosion_(dermatopathology)

The Free Encyclopedia

. & Erosion is one of two fundamental operations (the other being dilation) in Morphological image
vigation
= processing from which all ather morphological operations are based. t was originally defined for
C:‘""‘E‘:‘ge binary images, later being extended to grayscale images, and subsequently to complete lattices.
Featured content Contents frce]

Current events

1 Binary erosion
Random article

mple
arch 1.2 Properties

2 Grayscale erosion

3 Erosions on complete lattices.

45se a0 TR T
teraction 5 References. ‘square by a disk, resuting in the
About Wikipedia . . fht-due sauare.

Community portal Binary erosion [edit)

Recent changes

Contact Wikipedia In binary morphology. an image is viewed s a subset of an Euclidean space [R? or the integer grid 74, for some dimension d.

Donate to Wikipedia

o Vo “The basic idea in binary morphology is to probe an image with a simple, pre-defined shape, drawing conclusions on how this shape fits

or misses the shapes in the image. This simple "probe” is called structuring element, and is itself a binary image (1., a subsst of the
lbox space or grid).

Wnz ks here Let E be an Euclidean space or an integer grid, and A a binary image in E. The erosion of the binary image A by the structuring
Related changes
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Dilation (morphology)

N From Wikipedia, the ree encyclopedia
(WIKIPEDIA Dilation is one of the basic operations in mathematical morphology. Originally developed for binary images, it has been expanded first
The Free Encyclopedia to grayscale images, and then to complete lattices. The dilation operation usually uses a structuring element for probing and expanding
vigation the shapes contained in the input image.
ain page
il Contents thee]
Featured content 1 Binary Operator
Current events 1.1 Propettes of binary dilation
Random article 2 Grayscale dilation
i 21 Flatstructuring funcions.
3 Dilation on complete laices
4seeatso
(=3 5 8ibliography
eracon Binary Operator [edit]

About Wikipedia
Community portal

In binary morphology. dilation is a shitinvariant (translation invariant) operator, strongly related t
Recent changes. binary morphology, dilation is a st ariant ) operator, strongly related to

the Minkowski adition.

Contact Wikipedia

Donate to Wikipedia | | A binary image is viewed in mathematical morphology as a subset of an Euclidean space R or the
Help integer grid Z°, for some dimension d. Let E be an Euclidean space or an integer grid, A a binary
box image in £, and £ a structuring element

Whatinks here “The dilation of A by & is defined by

Related changes <
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Image Processing & Computer Graphics EI

Image morphology - erosion

Opening = erosion + dilation

Closing = dilation + erosion

Examples created with Corel Photo-Paint 8
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Image morphology - erosion

Opening = erosion + dilation

Closing = dilation + erosion

Examples created with ImageJ 1.41
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Closing (morphology)

From Wikipedia, the free encyclopedia

[WIKIPEDIA i mathematical morphology. the closing of a set (sinary image) A by a structuring element s the
Sl erosion of the dilation of that set,
higation
i A®B)OB,
Wain age deB=(10B)oB
Contents where @ and © denote the dilation and erosion, respectively.

In image processing, closing is. together with opening, the basic workhorse of morphalogical noise

SR removal. Opening removes small abjects, while closing removes small holes.

arch Properties [edit]
= Itisidempotent, thatis. (A e B)e B= Ae B. The cosing o the darkcblue &7
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AboutWikipedia * Rtis translation invariant. et
Communty portal -
Recent changes Bibliography [edi]
Contact Wikipedia
Donate fo Wikipedia || * Image Analysis and Mathematical Morhology by Jean Serra, ISBN 0126372403 (1982)
Help + Image Analysis and Mathematical Morphology, Volume 2: Theoretical Advances by Jean Serra, ISBN 0-12-637241-1 (1988)
o = An Introduction fo Morphological Image Processing by Edward R. Daugherty, ISBN 0-8194-0845.X (1992)
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Related changes External links [edit]
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Opening (morphology)

From Wikipedia,the free encyclopedia

[WIKIPEDIA | inmathematical morphology, opening is the dilation of the srosion of a set A by a structuring
| The Free Encyclopedia

element B
igaton
= AoB=(A0B)®B,
Wain page
Contents. where © and B denote erosion and dilation, respectively.

Featured content
Current events
Random article

Together with closing, the opening serves in computer vision and image processing as a basic
workhorse of morphological noise removal. Opening removes small objects from the foreground
(usually taken as the dark pixels) of an image. placing them in the background. while closing
arch removes small holes in the foreground, changing small slands of background into foreground. These!
techniques can also be used to find specific shapes in an image. Opening can be used to find
3] things into which a specific structuring element can fit (edges, comers, ) The opening of e darkcbe &
square by a dis, resuting n the

One can think of & sweeping around the inside of the boundary of A. s that it does not extend

antohe squar i oung
eraction beyond the boundary, and shaping the A boundary around the boundary of the element. ers,
AboutWikipedia
Communty poral Properties ledi]
Recent changes
Conlactliipeda ||+ Opaning s idempoten, thatis, (A 0 B)o B = Ao B
H:;f‘ o \Wikipedia || . opening s increasing, thatis, if A C C.then Ao B C Co B
= = Opening is anti-extensive, ie, Ao B C A
ox

= Opening is translation invariant

intins rre Openingand closing sty th dualty A @ B — (A° 0 B")",where ® dootes closing

Related changes
Upload file
Special pages
Printable version
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Image resampling (zooming)

Image resampling

(zooming)
I
i )
Enlargement Size reduction
(upsampling) (downsampling)
Interpolation problems Aliasing problems
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Resampling

From Wikipedia, the free encyclopedia

For resampling methods in statistics, see Resampling (statistics).

g (audio)

eemp 1 been suggested thatthis aticlebe spit into arices enifled Resar
and Resampling (bitmap), accessible fiom a disambiguation page. (Discuss)

Resampling s the digital process of changing the sample rate or dimensions of digital imagery or audio by temporally or areally
analysing and sampling the original data

Contents frce]

1Audio

26imap

3seealso

4Extemal links

Audio fedi]

Audio resampling is also called sample rate conversion. This operation in digital signal processing involves converting a sampled
signal from ane sampling frequency to another. For instance, the output waveform of a digital audio workstation that was processed at
96 kHz must be resampled to 44.1 kHz to be placed on a Compact Disc. The article Sample rate conversion explains how this is
done

Bitmap [edit]

A digital image is typically stored as a bitmap, it being a lteral map of which pixels are what value, to construct an image. (This is not
10 be confused vith the BMP image file format, which is a method of storing bitmaps i file data. PNG, JPEG and GIF are other
equally valid methods of storing bitmaps )

Abitmap is said to be sampled on each pixel, rather than being supersampled (more than one point of data per pixe) or subsampled

Image Processing & Computer Graphics z:l

Downsampling

Just take every n-th pixel!
SIMPLE!?
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WIKIPEDL/ For the computer graphics fechniqus, see Subsamping
e Free Enyclapedia | iqnal processing, downsampling (or “subsampling")is the process of reducing the sampling rate of  signal. This is usually done
2dgztion to reduce the data rate or the size of the data
Wain page
Content

Donate to Wikipedia
Help

Log in  create account
articie || discussion editthis page || history

Downsampling

From Wikipedia, the free encyclopedia

The downsampling factor (commonly denoted by M) s usually an integer or a rational fraction greater than unity. This factor multplies
the sampling time or, equivalently, divides the sampling rate. For example, if compact disc audio is downsampled by a factor of 514
then the resuting sampling rate goes from 44,100 Hz to 35,260 Hz, which reduces the bit rate from 1,411,200 bits to 1,128,960 bitis
(assuming that a 32 bit value is sampled each time)
Contents [rce]

1 Maintaining the sampling theorem crierion
2 Downsampling process

21 Downsampiing by integer factor

22 Downsampling by rationa fraction
3seealso

Maintaining the sampling theorem criterion [edit]
Since downsampling reduces the sampling rate, we must be careful to make sure the Shannon-Nyquist sampling theorem ciiterion is
maintained. f the sampling theorem is not satisfied then the resulting digital signal will have aliasing. To ensure that the sampiing
theorem is satisfied, a low-pass fiter is used as an anti-aliasing fiterto reduce the bandwidth of the signal before the signal is
downsampled.

Note that the anti-aliasing fiter must be a low-pass fiter in downsampiing. This is diferent from sampling a continuous signal, where
either a low-pass fier or a band-pass fiter may be used

Remark: A bandpass signal i . a band-limited signal whose minimum frequency is different from zero, can be downsampled avoiding
jionat il i sisfiad i

‘WIKIPEDIA
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Nyquist frequency

From Wikpedis, the free encyciopedia
Not to be confused with Nygquist rate.

The Nyquist frequency, named afer the Swedish-American engineer Harry Nyquist o the Nyquist-Shannon sampling theorem, is
half the sampling frequency of a discrete signal processing system ['/? It is sometimes called the folding frequency, or the cut-off
frequency of a sampling system ©*!
The sampiing theorem shows that alasing can be avoided ifthe Nyquist frequency is greater than the bandwidth, of maximum
‘component frequency. of the signal being sampled.
The Nyquist frequency should not be confused with the Nyquist rate, which is the lower bound of the sampling frequency that satisfies
the Nyquist sampling criterion for a given signa o family of signals. This lower bound is twice the bandwidth or maximum component
frequency of the signal. Nyquist rate, as commonly used with respect to sampling, is a property of a continuous-time signal, not of a
system, whereas Nyquist frequency is a property of a discrete-time system, not of a signal. The domain of the signals does not have
0 be time, though that is common leading to Nyquist frequency in hertz; for example, an image sampiing system has a Nyquist
frequency expressed in units such as cycles per meter.

Contents [rce]
4 The aliasing problem
20ther meanings
3References
4seealso

The aliasing problem [edit]
In principle, a Nyquist frequency just larger than the signal bandwidth is suffcient to llow perfect reconstruction of the signal from the
samples. However, this reconstruction requires an unattainable fiter that passes some frequencies unchanged while suppressing all
athers completely (commonly called a brickwal fiter). When attainable fiters are used, some degree of oversampiing is necessary to
the practical constraints on antialiasing fiters. That is,frequencies close to the Nyauist frequency may be distorted in
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Nyquist-Shannon sampling theorem

From Wikipedia, the free encyclopedia
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‘WIKIPEDIA | The Nyquist-Shannon sampling theorem s a fundamental result in the field of information o

Toe P theory, in particular and signal processing. Sampling is the process of
avigation converting a signal (for example, a function of continuous time or space) into a numeric

Hain page sequence (a function of discrete time or space). The theorem states !

Gontents

Featured content Ifafunction x() contains higher than 8 cps, it determined > .

Ranaam e it poneeapecm ot

In essence the theorem shows that an analog signal that has been sampled can be perfectly | bandimited signalas a functon of

arch reconstructed from the samples if the sampling rate exceeds 28 samples per second, where Gy

Bis the highest frequency in the original signal. ff a signal contains a component at exactly B

hertz, then samples spaced at exactly 1/(28) seconds do not completely determine the signal, Shannon's statement notwithstanding.
More recent statements of the theorem are sometimes careful to exclude the equality condition: that is, the condition is i x(t)
contains no frequencies higher than or equal fo B this condition is equivalent to Shannon's except when the function includes a
steady sinusoidal component at exactly frequency B.

The assumptions necessary to prove the theorem form a mathematical model that is only an idealization of any real-world situation
The conclusion that perfect reconstruction is possible is mathematically correct for the model but only an approximation for actual
signals and actual sampling techniques

The theorem also leads to a formula for recanstruction ofthe original signal. The canstructive proof of the theorem leads to an
understanding of the aliasing that can occur when a sampling system does not satisfy the conditions of the theorem

The Nyquist-Shannon sampling theorem is also known to be a suficient condition. The field of Compressed sensing provides a
strcter sampling condition when the underlying signal is knovin to be sparse. Compressed sensing specifically yields a sub-Nyquist
sampling criterion

Contents [ri]
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Aliasing (edit]

Main article: Aliasing

The Poisson summation formula indicates that the samples of function x(t) re suficient to create a periodic extension of function X
(f. The result is:

X% S X -k =T ¥ ou) . =
2 2

As depicted in Figures 3, 4, and 8, copies of X(f) are shifted by muttiples of f; and combined by addition.

Ifthe sampling condition s not satisfied, adjacent copies

overlap, and it is not possible in general to discem an xen
unambiguous X(f). Any frequency component above f /2 P 5
is indistinguishable from a lower frequency component,

called an alas, associated with one of the copies. The /
reconstruction technique described below produces the B g qems ! Brw 1 gems
alias, rather than the original component, in such cases. =

Fig.3 2 prop
and images (green) that o not overiap. A brick-nal” owi-pass fiter can remove

from the samgies.

For a sinusoidal component of exactly half the sampling
frequency. the component vilin general alias to another
sinusoid of the same frequency, but with a different phase
and amplitude

)

To prevent or reduce aliasing, two things can be done:

1. Increase the sampling rate, to above twice some o T 5T
all of the frequencies that are aliasing.
2. Introduce an anti-liasing fiter or make the anti-
aliasing fter more Siringent Jxan

7 samping_theorem ] (2] ] [so0s o
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represented as two-ime| mbers representing the relative
intensities of pixels (pict
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Image Processing & Computer Graphics a

Upsampling

This must be simple!
Let’s multiply pixels!
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Upsampling

From Wikipedia, the free encyclopedia

WIKIPEDIA  Upsamplingis the process ofincraasing the sampiing rte of a signal For nstance, upsampling raster images such as photographs
The Free Encyciopecia means increasing the resolution of the image.

dgztion The upsampling factor (commonly denoted by L) is usually an integer o a rational fraction greater than unity. This factor multiples the
Hamsase B
e con the resulting sampling ate goes flom 44,100 Hz to 55,125 Hz
Curentevents Contents pice]

Random article
1 Sampling theorem satisfaction

earch 2 Upsampling process

21 Upsamping by integer facor

22 Upsampling by rational fraction
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About Wikipedia i o
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Recent changes
Contact Wikipedia The upsampled signal satisfies the Nyquist-Shannon sampling theoren if the original signal does.
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Nearest neighbor pixel replication

Zero-order interpolation
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Nearest-neighbor interpolation

From Wikipedia, the free encyclopedia

WIKIPEDIA | Nearestneighbor interpolation (also known as proximal interpolation or point sampling in

The Free Encyclopedia. some contexts) is a simple method of multivariate interpolation in 1 or more dimensions Y
avigation Interpolation is the problem of approximating the valus for a non-given point in some space, when
Hain page given some values of points around that point. The nearest neighbor algorithm simply selects the o
Contents value of the nearest point, and does not consider the values of other neighboring points at all, -
yielding a pi interpolant. The aigorithm is very simple to implement, and is S EUALE
Gurrent events
‘commonly used (usually along vith mipmapping) in real-time 3D rendering to select color values -
Random article o
for a textured surace. '

earch

Nearest neighbor nterpolation 57
(blue ines) i one dimension on a
dataset (red poits).

Connection to Voronoi diagram [edit]

teraction
About Wikipedia
Gommunity portal
Recent changes
Contact Wikipedia Seealso fedi]
Donate to Wikipedia
Help

For a given set of paints in space. a Voronoi diagram s a decomposition of space into cells, one
for each given point, 5o that anywhere in space, the closest given point is inside the cell. This is
equivalent to nearest neighbour interpolation, by assigning the function value at the given point to
all the points inside the cell. The figures on the right side show by colour the shape ofthe cells

= Interpolation
= Nearest neighbor search

olbox
5 This applied mathematics-related articie is a stub. You can help Wikipedia by expanding
hatlinks here %
Related changes N
Upload fle Exampie of nearest negnbor 5
Special pages inerpoltion of  random set of
Printable version points (black dots) i 20. Each

coloured cel indicates the area in
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Nearest neighbor pixel replication

Pixelization! ®
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Bilinear interpolation
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Bilinear interpolation

From Wikipedia, the free encyclopedia

WIKIPEDIA | in mathematics, bilinear interpolation is an extension of insar nterpolation for interpolating functions of two variables on  regular
Thu Froe Encyclopedia’ grid. The key idea is to perform linear interpolation first in one direction, and then again in the other direction
adgation Suppose that we want to find the value of the unknown function f at the point £ = (x, ). It is

Uaipige assumed that we know the value o  at the four paints Q,, = (xy. 1. Qyp = {6y 1) Oy =

Featured content G 1y) 2nd Qp = ez 1)

Current events

We first do linear interpolation in the x-direction. This yields
Random article
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Bilinear interpolation
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Bicubic polynomial interpolation
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Bicubic interpolation

From Wikipedia, the free encyclopedia

In mathematics, bicubic interpolation s an extension of cubic interpolation for interpolating data points on a two dimensional regular
grid. The interpolated surface is smoother than corresponding suraces abtained by bilinear interpolation or nearest-neighbor
interpolation. Bicubic interpolation can be accomplished using either Lagrange polynomials, cubic splines or cubic convolution
algorithm

In image processing, bicubic interpolation is often chosen over biinear interpolation or nearest neighbor in image resampling, when
speed is not an issue. Images resampled with bicubic interpolation are smoother and have fewer interpolation artfacts
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Bicubic polynomial interpolation
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bicubic, bilinear, nearest neighbor (comparison)
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http://en.wikipedia.org/wiki/Bicubic_interpolation

-
’ou =

Bicubic interpolation on the Biinear |nteruu\ahun onthe same & earest-neighbor interpolation ond-l
square[0, 3] x [0, 3] dataset as sbovs. Derivatives of e fhe same dataset as above. Note
consisting of S unt squares patched  SUTTACE are not continuous overthe  that the information content in all
together. Bicubic interpolation as per | SAuare boundaries. these three examples is equivalent.

Watlab's implementation. Colour
indicates function value. The biack
dots are the locations of the
preseribed data being interpolated
Note how the color samples are not
radially symmetric. They are more
square-based (it may be easier to
compare by zooming on the image)
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Pixel art scaling algorithms

From Wikipedia, the free encyclopedia

I mP@ 1t has been suggested that this article or section be merged into Image scaling. (Discuss)
Pixel art scaling algorithms are image scaling algorithms specifcally designed to
upsample (enlarge) low-resolution pixel and line ar that contains thin lines, solid
areas of colour rather than gradient fils or shading, and has not been anti-aiased.
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fittan o ol blur). Although this is acceptable for continuous-tone images, it destroys contrast (sharp edges) and is often seen s ruining the
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Hax

From Wikipedia, the free encyclopedia

\¥1K1PED15\ This articl is about image scaling filte. For .hqx files, see Binkex.
The Free
= In image processing, hax (‘hq" stands for “high quality” and "x" stands for magnification)is one of the pixel art scaling algorithms
aigation used in emulators such as Nestopia, ZSNES, Snesdx, FCE Ultra and many more. There are 3 hax fiers: hq2x, hq3x and hadx
2::_":‘2* ‘which magnify by factor of 2, 3 and 4 respectively. For other magnification factors, this filter is used with nearest-neighbor scaling.
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