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MODELOVANIE SUMOVYCH PROCESOV

MODELLING OF THE NOISE PROCESSES

V tomto clanku je popisané modelovanie Sumovych procesov a ich
aplikdcia na oblast spracovania obrazov, pricom pdésobenie sumu je
prezentované a analyzované vzhladom na matematické vyjadrenie,
povod sumu, spoésobené vizudlne zmeny a moznost redukcie Sumu.
V snahe co najviac priblizit icinok sumu je kazdy Sumovy proces dolo-
Zeny ndzornymi obrdzkami.

1. Uvod

Problém potlacania Sumu je jednou z troch hlavnych tloh
spracovania signalov, ktoré sa zaoberajui odstranovanim interferen-
cie, analyzou a extrakciou charakteristik signalov a transformaciou
signalov na formu vhodnejsiu pre dalSie
spracovanie. Dovod preco dochadza k inter-
ferencii Sumu a uzitocnej informacie su rdzne
[3], [4], [10], [17], [18], [24], napr. chyby
prenosového kanala, starnutie zaznamovych
médii, tepelné degeneracie, ¢i clovekom spo-
sobené rusenie.

Aby bolo mozné odstranit Sum alebo
interferenciu a navrhnut filtraCni metédu
[3], [6], [18], [25] so skutofne dobrym
ucinkom a vysokou presnostou odhadu, je
potrebné reSpektovat faktory ako mechaniz-

In this paper, the modelling of noise processes and their applica-
tion to image processing are described. Thus, the noise effect on useful
image information is presented and analysed according to mathe-
matical formulas, the reason of its origin, introduced visual changes
and the possibility of their reduction. In order to provide an unbiased
view on the noise effect, noise models are supported by a number of
object-lesson figures.

1. Introduction

The problem of the noise suppression is one of three main
tasks [3] related to the signal processing, namely the removal of the
interference, the analysis and the extraction of some signal char-
acteristics, and finally, the transformation of
signals into more suitable form for additional
processing. The reasons why the interference
of the noise occurs there and useful information
are various [3], [4], [10], [17], [18], [24] such
as the failures of the transmission channel, the
ageing of recording media, thermal noise or
man-made interference, etc.

In order to remove the noise or interfer-
ence and design the filtering approach [3], [6],
[18], [25] with a really good performance and
high estimate precision, it is necessary to respect
the following factors such as the mechanism

mus generovania povodného signalu, povahu
znehodnotenia a najmd mieru vhodnosti
rieSenia vzhladom na povodny signal (alebo
jeho mechanizmus generovania) a povahu
znehodnotenia.

Pretoze cielom tohto Clanku je ukazat

generating the original signal, the nature of the
corruption and finally, the measure of the accu-
racy of the solution with respecting the original
noise (or its generating mechanism) and the
nature of the corruption.

Since the aim of this paper is to show how

ako Casto sa vyskytujice typy Sumov zne-
hodnocuju vizualnu informaciu, neZelatelné
zmeny sposobené Sumom budd porovnavané
s povodnym obrazom Lena a jeho riadkovou
funkciou (180-ty riadok), ktoré su zobra-
zené na obr. 1.

Obr. 1. Povodny obraz Lena a jeho
riadkovd funkcia (180-ty riadok)
Fig. I Original image Lena and

corresponding row function
(180" row)
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the often occurring noise-types corrupt the
visual information, the undesired changes
caused by the noise will be compared with the
original image Lena (2-D image signal) and its
corresponding row function (180" row), both
shown in the Fig. 1.
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Obr. 2. Aditivny Gaussov Ssum s nulovou strednou hodnotou (a) o = 10 (b) o = 20 (¢) o = 30
Fig. 2. Gaussian noise with zero mean (a) o = 10 (b) o = 20 (¢) o = 30

2. Aditivny Gaussov Sum

Najjednoduchsim, avsak najdolezitejSim typom sumu je adi-
tivny Gaussov Sum definovany pomocou [3],[31]

[x1, X5, o, Xy} = {01, 04, ey op) + {vy, vy, ooy WA, (1)
kde {x,, x,, ..., xy} reprezentuje (g
znehodnoteny signal, {o;, o0,, ..

..., Oy} je povodny signal a {v, v,, ..
..., Yy} je Sumova zloZka. Pozname- 6
navame, Ze v; si nezavislé od o;.
V pripade, Ze v; sil navzajom neza- 0.4
vislé a identicky distribuované na-
hodné premenné, hovorime o adi-
tivnom bielom Gaussovom sume. 0.2

V pripade znehodnotenia obra-

2. Additive Gaussian Noise

The simplest, however, the most important noise type is an
additive Gaussian noise defined by [3],[31]

[x1, X5, o, xp) = {01, 05, ooy o) + [V, vas ooy Wa), D
where [x;, x5, ..., Xy} represent the
corrupted signal, {0, 0,, ..., ox} is
an original and {v, v,, ..., vy} is
a noisy component. Note that v,
are independent on o;. In the case
that v, are mutually independent
and identically distributed normal
random variables, then it is the case
of additive white Gaussian noise.

For the additive Gaussian
image corruption, a random value

zov aditivnym Gaussovym Sumom, 0
nahodna premenna s Gaussovym
rozloZenim (s nulovou strednou
hodnotou u a ur€itou smerodajnou
odchylkou o (obr. 3)) je pridana

ku kazdej povodnej vzorke (obr. 2). Lahko mdzeme urcit, Ze in-
terval nahodnych hodndt sa rozsiruje s rastom smerodajnej od-
chylky a zaroven tak narasta aj stupen znehodnotenia. Matema-
ticky je Gaussov Sum definovany vztahom

1 lfa—p 5
M=z "\ 2\ e ) @
Je zrejmé, Ze malé nahodné hodnoty su pridané s velkou prav-

depodobnostou. Na druhej strane, velké nahodné hodnoty nie su
velmi Casté. Na generovanie nahodnej hodnoty sa vyuziva rovnica

Obr. 3. Aditivny Gaussov sum
Fig. 3. Additive Gaussian noise

with Gaussian distribution (with
zero mean u and some standard
deviation o (Fig. 3)) is added to
each original sample (Fig. 2). It
can be seen that the interval of
random values extends with increasing the standard deviation
and thus, the degree of the noise corruption is increased, too.
Mathematically, the Gaussian noise is defined by

1 lfa—p )
f(a)—TU Y B . (2)
It is clear that the small random values are added with a high

probability and, on the other hand, the large values are not too fre-

quent. For a random value generation, there is utilised the follow-
ing equation
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a="V-=21n/(r)) cos (7 (2r, — 1)). 3
kde r, a r, st ndhodné hodnoty s uniformnym rozdelenim.

Vzajomny vztah medzi povodnou a Sumovou zlozkou je vyjad-
reny ich suctom. Z tohto dévodu je mozné tieto zlozky od seba
oddelit. Na efektivne potlacenie aditivneho Gaussového Sumu su
uprednostiované najma linearne filtre (napr. Wienerove filtre [29]),
ktoré spifiajui vlastnost superpozicie. Okrem Wienerovych filtrov
mozno pouZit aj Kalmanove filtre [19],[30], rozlicné filtre zalo-
zené na LMS algoritme [8],[28], ¢i hybridné FIR-medianové filtre
[22]. Tieto filtre mdZeme uspesne pouzit na odstranovanie tepel-
ného Sumu (alebo Sumu sposobeného vplyvom tepelnych degene-
racii materialu) [3], ktory je modelovany ako biely Gaussov Sum.

3. Impulzovy Sum

Na rozdiel od aditivneho Gaussovho Sumu a multiplikativ-
neho Sumu (vznika v snimacich systémoch), kde vzajomny vztah
medzi povodnou a Sumovou zlozkou je vyjadreny pomocou ich
suctu alebo sucinu, existuju zlozitejsie typy sumu. Ak Sum postihne
len Cast z celkového poCtu vzoriek, zatial' Co ostatné vzorky ostanu
neposkodené, ide o poSkodenie s charakterom impulzového Sumu
[31, [4], [10]. Impulzovy Sum zvycajne spdsobuje vysokofrekve-
néné zmeny alebo lepSie povedané impulzy, na ktoré je ludsky
vizualny systém vel'mi citlivy.

V modernej komunikacnej teorii alebo tiez aj pri A/D konver-
zii [5], [16], [17], impulzovy Sum je ¢asto modelovany pomocou
modelu bitovych chyb [3]

k", 1-p,
*m = - , 4
i { 1 - k,’:”l pv ( )
kde i, j charakterizuju poziciu vzorky, m je bitova uroven ohra-
nicend intervalom 1 aZ B (pocet bitov na vzorku), p,, je pravdepo-
dobnost bitovych chyb, [k} a [k} oznacuju povodné a zasumené
hodnoty bitov. Originalna vzorka je vyjadrena ako

0,;= ki 25T P L+ K+ R 5)
zatial ¢o vzorka zo zaSumeného obrazu je definovana podla

X, = k2P 2PT L TR+ TR (6)

Pri spracovani obrazov je impulzovy Sum zvyCajne modelo-
vany pomocou modelu s podobnym efektom ako (4), avSak trochu
zjednodusenym. Matematicky model impulzového Sumu s premen-
livou hodnotou (pozri obr.4) moze byt vyjadreny podla [11]

, (N

v with probability p
i 0, ; Wwith probability p — 1

ij
kde i, j charakterizuji poziciu vzorky, o; ; je vzorka z povodného
obrazu, x; ; reprezentuje vzorku zo zaSumeného obrazu, p je prav-

depodobnost zaSumenia a v je hodnota Sumu, ktorou je nahra-
dena povodna vzorka.
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a=V-=21In/(r)) cos (m (2r, — 1)). 3
where r, and r, are random values with the uniform distribution.

Since the relationship between the original and the noise com-
ponent is expressed through an addition, it is possible to separate
both signals. For the effective suppression of additive Gaussian
noise are preferred especially linear filters (e.g. Wiener filters
[29]) that satisfy the superposition property. Besides Wiener filters
it is possible to use Kalman filters [19],[30], various LMS-based
filters [8],[28] and hybrid median FIR filters [22]. These filters
can be used successfully for removing the thermal noise (or the
noise caused by thermal generation of materials) [3] that is mod-
elled as a white Gaussian noise.

3. Impulse Noise

Unlike the additive Gaussian noise and the multiplicative
noise (origin in some acquisition systems), where the relationship
between the original and the noise component is expressed through
an addition and a product, respectively, there exist more complex
noise types. If the noise corruption affects a number of samples
whereas other samples remain unchanged, it is some kind of an
impulse noise [3], [4], [10]. Usually, the impulse noise causes
the high frequency changes or in other words impulses on which
the human visual system is more sensitive.

In modern communication theory or in A/D conversion [5],
[16], [17], the impulse corruption is often modelled through
a model of bit errors given by [3]

k" 1=p
*kl_m]_ = wm v , 4)
- 1=k Dy
where i, j characterise the sample position, m is a bit level forced
to be between 1 and B (a number of bits per sample), p,, is a bit

error probability {k} and {*k} finally and characterise original and
corrupted bit levels. Note that the original sample is expressed as

0,;= Ky 28 k2P L k2 kS (5)
whereas a sample from noisy image is defined by

X, = k2P ARG 2P T L TR 2+ TR (6)
Usually, in image processing applications, the impulse noise is
modelled through a model with a similar effect as (4), however,
a little simplified. To achieve a noise corruption with variable value
(see Fig.4), also called random-valued impulse noise, the mathe-
matical model can be expressed as [11]
v with probability p
Xij = { 0

7
with probability p — 1 ° )

ij
where j, j characterise the sample position, o, ; is the sample from
the original image, x; ; represents the sample from the noisy image,
p is a corruption probability and v is a noise intensity replacing
the original value.
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Poznamenavame, Ze niahodna hodnota je vzorka z celého
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Notice that a random value is a sample from the whole range

rozsahu moznych hodnoét. V pripade reprezentacie obrazu 8 bitmi | of possible intensities. In the case of 8bit per sample image repre-
na vzorku, t. j. 256 kvantizaénymi Groviami, hodnota je z inter- | sentation, i.e. 256 quantization levels, the value is from 0 to 255.

valu 0 az 255.

L]

(b} ()

0br4 Impulzovy sum s premenlivou hodnotou (a) p = 0,05 (b) p = 0,10 (¢) p = 0,20
Fig. 4 Random-valued impulse noise (a) p = 0.05 (b) p = 0.10 (¢) p = 0.20

Dalsi typ impulzového sumu, nazyvany aj ako Giernobiely sum,

The second impulse noise type also called as salt and pepper

je charakterizovany dvoma nahodnymi hodnotami, konkrétne 0 | noise, where the impulses can be equal to 0 and 2535, only, is deter-
a 255. Uvedené znehodnotenie je moZné matematicky zapisat | mined by [4]

vztahom

0 Do
X ;= 255 Pass (8)
0; 1 = (po + Pass)

kde p, a p,ss si pravdepodobnosti vyskytu
minimalnej (0) a maximalnej (255) hodnoty.
Je zrejmé, Ze impulzy sa prejavuju vo forme
bielych a ¢iernych bodiek.

Okrem bitovych chyb, impulzového Sumu
s premenlivou hodnotou a Ciernobieleho impul-
zového Sumu existuju rozne typy impulzového
Sumu s konStantnou hodnotou, pri ktorych do-
chadza k nahradeniu povodnej hodnoty stale
rovnakou hodnotou Sumu. Vo v§eobecnosti, na
potlacanie impulzového Sumu sa pouZiva vel’ka
trieda poriadkovo-statistickych filtrov. Trieda
nelinearnych filtrov zaloZenych na poriadko-
vych Statistikdch, vyuziva zoradovanie [22]
vstupnych vzoriek uréenych oknom filtra.
Okrem robastného odhadu medianom zorade-
nej mnoZziny, vybornymi schopnostami potla-

0 Po
X ;= 255 Dass (8)
0;,; 1 = (po + Pass)
where p, and p,ss are probabilities of the
occurrence for minimum value (0) and
maximum value (255). It is clear that the

impulses are represented by black and white
spots.

Besides bit errors, random valued im-

pulse noise and salt and pepper noise, there
exist some additional constant-valued impulse
noises, where the original values are replaced
by the constant value. A sufficient tool for the
suppression of all impulse noise types was
proved by a large family of order-statistic fil-

ters. A class of nonlinear filters based on the
order-statistic theory utilises the ordering [22]
of the input samples spanned by a filter win-
dow. Besides the robust estimation given by
a median value [11], [32] of ordered set, the

Obr. 5. Zmiesany sum
(u=00=32p=01)
Fig. 5. Mixed noise
(u=00c=32p=01)
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Cania impulzového Sumu sa mozu vyznacovat vazené medianové
filtre [32], vyhladzovacie LUM filtre [11], [13], kompozi¢né filtre
[71, [13], [23] a Siroka trieda optimalnych poriadkovo-statistic-
kych filtrov kombinovana s neuronovymi sietami [6],[20], fuzzy
logikou [15], [25] alebo optimalizovana genetickymi algoritmami
[18], [25].

4. Zmiesany Sum

Existuju situacie, kedy dochadza k poskodeniu uzitocnej infor-
macie Sumom pochadzajucim z viacerych zdrojov. Typickym pri-
kladom je tepelny Sum sprevadzany bitovymi chybami (obr. 5). Pre
takéto pripady moze byt rozlozenie Sumu modelované pomocou
[26]

kde i, j charakterizujui poziciu vzor-
ky, n; ; je vzorka s aditivnym Gaus-
sovym Sumom, p je pravdepodob-
nost vyskytu impulzu va je hodnota
impulzu. Podobne ako (9), mozno

v with probability p

®)

0; ; + n; ; with probability p — 1

Po

PREHLADY / REVIEWS

excellent impulse noise attenuation capabilities can be provided
by weighted median filters [32], LUM smoothers [11], [13], stack
filters [7], [13], [23], etc. and a wide range of optimal order-sta-
tistic filters combined with neural networks [6], [20], fuzzy logic
[15], [25] or optimised by genetic algorithms [18], [25].

4. Mixed noise

There exist some situations, where useful information is cor-
rupted by the noise coming from different sources. The typical
example is thermal noise followed by the bit errors (Fig.5). Then,
the noise distribution can be modelled as [26]

{

v with probability p

0; ; + n; ; with probability p — 1 ©)
where i, j characterise the sample
position, #; ; is the additive Gauss-
ian noise, p is an impulse proba-
bility and vis an impulse intensity.
Similarly to (9), it is possible to

D2ss
o,

modelovat (obr. 6) zmieSany Sum
pomocou aditivneho Gaussovho
Sumu a Ciernobieleho impulzového
sumu. Na obr. 6 spojita charakte-
ristika je asociovana s Gaussovym
rozlozenim, zatial o disktrétna charakteristika (impulzy v hod-
note 0 a 255) je asociovana s ¢iernobielym impulzovym Sumom.

Na efektivne potlacenie zmieSaného Sumu modelovaného
pomocou (9) sa zvycajne pouZivaju poriadkovo-statistické L filtre
a Ll filtre [22].

Obr. 6. RozloZenie zmieSaného sumu
Fig. 6. Mixed noise distribution

model (Fig. 6) the mixed noise
consisting of the additive Gaussian
noise and salt and pepper noise.
Notice that the continuous char-
acteristic is associated with Gauss-
ian distribution, whereas the discrete characteristic (spikes in 0
and 255 intensities) is associated with the salt and pepper noise.

255

In order to suppress the mixed noise modelled as (9) effec-
tively, a class of order-statistic L filters and L/ filters is usually pre-
ferred [22].

1]
| i M |
I'M
LM
i) ikl ()
Obr. 7. Povodny farebny obraz Lena rozlozeny na farebné kandly (a) R kandl (b) G kandl (c) B kandl
Fig. 7. Decomposed original color image Lena (a) R channel (b) G channel (¢) B channel
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5. Impulzovy Sum pre M-D obrazové signaly

Ak Sum postihne viacrozmerné (M-D) obrazové signaly, napr.
farebné obrazy alebo obrazové sekvencie, Sumovy model by mal
zahrnut aj korelaciu medzi farebnymi kanalmi alebo snimkami
sekvencie. VysSie uvedené obmedzenie sa vztahuje na vSetky pre-
zentované Sumové modely, avsak, aby sme Co najlepsie zdoraznili
rozdiel medzi modelom s respektovanim korelacie a modelom bez
uvazovania vnutornej korelacie, v dalsom budeme vyuzivat len
model impulzového Sumu s premenlivou hodnotou.

[OMNIKOCIe
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5. Impulse Noise for M-D image signals

If the noise affects the multidimensional (M-D) image signals
such as color images or image sequences, the noise should be mod-
elled with considering the correlation between the color channels
or image frames, respectively. The above-mentioned restriction is
related to all proposed noise models, however, in order to provide
the best visual comparison between models with and without
respecting the inherent correlation, in the rest of this paper the
random-valued impulse noise is considered.

i)

(e) i)

Obr. 8. Impulzovy Sum s premenlivou hodnotou p = 0,1 (a-c) Plne korelovany sum (d-e) Nekorelovany sum
Fig. 8. Random-valued impulse noise p = 0.1 (a-c) Fully-correlated noise (d-e) Non-correlated noise

KOMUNIKACIE / COMMUNICATIONS 3/2002 + &)
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V tejto chvili pristipime k analyze modelu impulzového Sumu
pre farebné obrazy. Vzhladom na farebné obrazy, t. j. vektorovo-
-hodnotové obrazové signaly [2], [10], kazdy obrazovy bod (vzorka)
mozZe byt uvazovany ako vektor troch zloziek. V pripade RGB
(Cervena - zelena - modra) farebnej sustavy, uvazujeme vektor
hodnét z R, G a B farebnych kanalov. Z tohto dovodu je potrebné
uvazovat korelaciu medzi farebnymi kanalmi, pretoze Sum moze
postihovat kazdy farebny kanal inou mierou.

Uvazujme dvojkanalovy signal. Nech v je nahodna hodnota
impulzu a p je pravdepodobnost impulzu. Nech je p, pravdepo-
dobnost impulzu asociovana s prvym kanalom p, a pravdepodob-
nost impulzu asociovana s druhym kanalom. Potom, matematicky
model impulzového Sumu [21] mozZe byt definovany vztahom
[0},1" 03_/‘]
[vo};]
] with probability p, - p

with probability 1 — p

with probability p, - p (10)
[0}../’
[v, V] with probability p - (1 — p; — p,)

kde o} ;. 0} ; st povodné hodnoty prvého a druhého kanala. Avsak
vyraz (10) je relativne zlozity pre Standardné farebné obrazy, t. j.
pre trojkanalovy pripad. Z tohto dovodu je nasledujuca definicia

[10], [14] prirodzenejSia

v
X; =
"]
0ij

kde i, j charakterizuju poziciu vzorky, o, ; je vzorka (vektor) z povod-
ného obrazu, x; ; je vzorka zo zaSumeného obrazu, p, je pravdepo-
dobnost poskodenia a v = (v, vg, Ug) je Sumovy vektor ndhodnych
hodnét. Ak zlozky vektora su generované nezavislo od seba, Sedé
impulzy, t. j. rovnaké hodnoty vo vSetkych farebnych kanaloch sa
mozu vyskytnut len v §pecialnom pripade (pozri obr. 8).

with probability p,,

with probability 1 — p, (11)

Uvazujme obrazové sekvencie. PretoZe obrazové sekvencie
predstavuju casové sekvencie dvojrozmernych (2-D) obrazov, t. j.
priestorovo-Casové data, Sumovy model by mal reSpektovat vnu-
tornu korelaciu. Z tohto pohladu je mozné znehodnotif snimky
sekvencie nezavisle od predchadzajucich a buducich snimok, alebo
moZe byt Sum v za sebou iducich snimkach korelovany vzhladom
na poziciu impulzu a tieZ aj hodnotu impulzu. Vhodny model impul-
zového sumu ziskame nepatrnou modifikaciou vyrazu (10).

Uspesnost odstrafiovania impulzového sumu v M-D obrazovych
signaloch zavisi od respektovania rozmernost signalu a od vnu-
tornej korelacie signalu. Teda, farebné obrazy by mali byt filtrované
vektorovymi pristupmi [2], [10], [12], zatial Co pre obrazové
sekvencie su vyborné vysledky dosahované ¢asovo-priestorovymi
(3-D) filtrami [1], [9], [11], [27].

6. Zhrnutie

Tento ¢lanok bol zamerany na modelovanie Sumovych proce-
sov, najma pre obrazové aplikacie. Okrem matematickych vyjad-

PREHLADY / REVIEWS

Now, the impulse noise model for color images is analysed.
Concerning the color images, i.e. vector-valued image signals [2],
[10], each image point can be considered as a vector of three com-
ponents. In the case of RGB (red-green-blue) color space, it is
a vector of intensities from R, G and B color channels (Fig. 7).
Thus, there is necessary to consider the correlation between the
color channels, since the noise can affect each color channel with
a different measure.

Consider the two-channel signal. Let v be a random impulse
intensity and p an impulse probability. Let p; be an impulse prob-
ability associated with the first channel and p, with the second
channel. Then, the mathematical model of the impulse noise can
be defined as [21]

[0}“,., 0?.] with probability 1 — p

iJj

[v,0?,]  with probability p, - p
X = " . o (10)
- [o);,u]  with probability p, - p
[v, V] with probability p - (1 — p;, — p,)
where 0,{ » of ,are original values of the first channel and the second

channel, separately. However, the expression (10) is relatively
complex for standard color images, i.e. the three-channel case. For
that reason, the following definition [10],[14] for vector-valued
signals is more natural

v with probability p,,
Xij = 0.

where i, j characterise the sample position, o; ;is the sample from
the original image, x; ; represents the sample from the noisy image,
D, 1s a corruption probability and v = (v, v, vp) is a noise vector
of intensity random values. If single components of the vector are
generated independently, the gray impulses, i.e. the same value in
all channels, can occur in the special case, only (see Fig. 8).

with probability 1 — p, (n

Let us consider the image sequences. Since, image sequences
represent the time sequences of two-dimensional (2-D) images,
i.e. spatiotemporal data, the noise model should respect the inher-
ent correlation. Thus, it is possible to model the noise in two ways
such as to corrupt each frame independently without knowing the
previous and future frames or the noise in the followed frames can
be correlated in the sample position and the noise intensities, too.
In order to express the impulse noise, it is sufficient to slightly
modify definition (10).

Usually, in M-D image signals the successful noise attenuation
depends on respecting the signal dimensionality and the inherent
correlation of the signal. It means that color images should be fil-
tered by vector approaches [2], [10], [12], whereas the excellent
denoising approaches for image sequences are related to spa-
tiotemporal (3-D) filters [1], [9], [11], [27].

6. Conclusion

This paper has focused on the noise modelling, especially for
the image applications. Besides mathematical expressions, a number
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Obr. 9. Sekvencia (a) 5-ta snimka pévodnej sekvencie (b) 6-ta snimka povodnej sekvencie (c) 5-ta snimka zasumenej sekvencie
(d) 6-ta snimka zasumenej sekvencie plne korelovand vzhladom na 5 snimku ¢o do pozicie a hodnoty Sumu (e) 6-ta snimka
zasumenej sekvencie zasumenej nezdvisle od 5-tej snimky
Fig. 9. Sequence (a) 5™ frame of original sequence (b) 6" frame of original sequence (c) 5™ frame of noisy sequence (d) 6™ frame of noisy
sequence with full correlation in the sample position (e) 6™ frame of noisy sequence corrupted independently

reni boli v ¢lanku prezentované aj nazorné priklady, dalej boli | of typical figures, the determination of the noise origin and tools
uréené pric¢iny vzniku Sumu a diskutované metody pre potlacanie | for the suppression of various noise types have been presented,
roznych typov Sumu. Vzhladom na znalosti o charaktere Sumovych | too. According to knowing the character of the noise process, it is
procesov je mozné navrhnut skuto¢ne dobru filtracnu metédu. more possible to design a really good filtering approach.
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