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PREHTAD VEKTOROVYCH FILTROV PRE FAREBNE OBRAZY
ZNEHODNOTENE IMPULZOVYM SUMOM

A REVIEW OF VECTOR FILTERING SCHEMES FOR COLOR IMAGES

CORRUPTED BY IMPULSE NOISE

S rozvojom novych komunikacnych technologii, napr. systémov
pre videotelefony, videokonferencnych systémov, HDTV, internetu a digi-
talnej televizie, vyvstala aj poZiadavka cislicového spracovania fareb-
nych obrazov. Vzhladom na skutocnost, Ze farebné obrazy predstavujii
vektorovo-hodnotové signdly, déraz pri spracovani sa kladie na pouZi-
tie vektorovych technik. V pripade odstranovania Sumu v obrazoch sa
tento problém dotyka vektorovych filtrov. Z tychto dévodov je témou
tohto ¢lanku prehlad najcastejsie pouzivanych vektorovych filtrov pre
potldacanie impulzového Sumu vo farebnych obrazoch.

1. Uvod

Farebny obraz je vektorovo-hodnotovy signal, ktory je mozné
opisat troma zakladnymi farebnymi zloZzkami, napr. ¢ervena, zelena
a modra (red, green, blue - RGB) alebo inou trojicou zloZiek
(YUV, YIQ, atd.). Skladanim tychto zloziek [11, 14] je mozné
vyrobit [ubovolny farebny odtien, priCom v mnohych pripadoch
poskytovana farebna informacia o objektoch na scéne zjemnuje
a sprijemnuje ucinnost obrazovych systémov. V pripade poskode-
nia tejto informacie impulzovym Sumom je potrebné tento Sum
odstranit, t. j. filtrovat nielen z dovodu zlepSenia vizualnej kvality
obrazov, ale filtracia ulahCuje ich dalSie spracovanie, napr. pri
kompresii alebo segmentacii.

Charakteristickou ¢rtou vektorovo-hodnotovych signalov je,
Ze jednotlivé vzorky nie su korelované len vo vnutri snimky, ako
v pripade monochromatickych obrazov, ale pri spracovani sa uz
uvazuje a vyuZiva aj korelacia medzi farebnymi kanalmi [1, 8, 11,
17, 23]. Vzhladom na tuto skuto¢nost je mozné rozdelit filtracné
techniky na skalarne (zlozkové) a vektorové. Zvycajne sa v spraco-
vani viacrozmernych signalov pouzivaju zlozkové (t. j. kazdy kanal
osobitne) filtracné techniky bez uvazovania zavislosti medzi zloz-
kami, avSak takéto spracovanie je povazované za suboptimalne [7,
22]. Zlozkové techniky su preferované hlavne z dovodu lahSej
hardvérovej realizacie, ale zdokonalenim technoldgie integrovanych
obvodov sa tieto obmedzenia pre vektorové filtre stavaju irele-
vantné. Aplikovanim vektorovych filtrov [9-11, 17, 21] na vektorovo-
hodnotové signaly je signal spracovavany vo svojej prirodzenej
podobe, t. j. ako postupnost vektorov, ¢im sa vo vyslednom signali
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The development of modern communication technologies such
as video phones, video conferencing systems, HDTV, Internet and
digital television requires color image digital processing. Concerning
the fact that color images represents vector-valued signals, the use of
vector techniques is demanded. In the case of noise removing the
problem is related with vector filters. On that reason, this paper is
focused on reviewing the most frequently used vector filters for impulse
noise suppression in color images.

1. Introduction

A color image is a vector-valued signal represented by tristi-
mulus values, e.g. it is red (R), green (G) and blue (B) for RGB
color space or another tristimulus values (YUYV, YIQ, etc.). Thus,
an arbitrary color tone can be specified by tristimulus values com-
position [11, 14]. In many situations provided color information
at objects in the scene accesses and makes a fair performance of
image systems. If color information is corrupted by the impulse
noise, on the ground of visual quality improvement it is needful to
remove (filter) the noise. In addition, filtering makes easier addi-
tional image processing such as compression or segmentation.

A characteristic feature of vector-valued signals is not only
a correlation within an image as in the case of gray-scale images;
however, the correlation between color channels is considered, as
well [1, 8, 11, 17, 23]. Accordingly, filtering techniques can be
divided into two classes: scalar or componentwise and vector tech-
niques. Usually, in vector-valued signal processing the component-
wise filter techniques applied separately on each color channel
without knowledge of color components dependency are preferred
for simpler hardware realization. However, the componentwise
processing is suboptimal [7, 22]. At present, when integrated
circuits technology is improved, above-mentioned constraints for
hardware realization of vector filters are irrelevant. If vector-valued
signals are processed by vector filters [9-11, 17, 21] according to
a signal character, where filter input set is a vector sequence, thus,
in a resulting signal the presence of artifacts i.e. color distortion
[15] is reduced. In general, in noise removing applications the sen-
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redukuju artefakty v podobe farebného skreslenia [15]. Hoci vo
vseobecnosti prevlada nazor, Ze zlozkové pristupy su z hladiska
potlacenia Sumu podstatne ucinnejsie ako vektorové techniky, nie
je to tak [4, 6, 10].

Cielom tohto prehladu je ozrejmit a spristupnit spdsoby a vlast-
nosti najcastejSie pouzivanych vektorovych filtrov, ako aj prezen-
tovat poznatky a skusenosti nadobudnuté pri filtracii impulzového
sumu vo farebnych obrazoch.

2. Triediace algoritmy

Na filtraciu impulzového sumu [1, 4-7, 16, 23] v monochro-
matickych obrazoch sa najcastejSie pouzivaju poriadkovo-Statis-
tické filtre, konkrétne rézne typy medianovych filtrov [3, 4, 11].
Spolo¢nou ¢rtou tychto filtraénych algoritmov je zoradovanie
vstupnej mnoziny, ktora je uréena operacnym oknom filtra. Vystup
filtra je potom spravidla jeden z prvkov zoradeného vektora v zavis-
losti od operacie, ktoru filter vykonava.

Na rozdiel od triedenia jednozlozkovych vzoriek, zoradovanie,
resp. triedenie viaczlozkovych vzoriek nema prirodzeny zaklad,
pretoZe priame rozsirenie triediacich algoritmov pre jednozloz-
kové vzorky na viaczlozkové vzorky nie je mozné. Z tohto dovodu
sa pre triedenie viaczlozkovych vzoriek pouZivaju najCastejSie
tieto sposoby [4,11,12,18]:

Zlozkové triedenie

Pri zlozkovom triedeni je triedenie vykonavané osobitne v kazdej
zlozke, resp. pri farebnych obrazoch osobitne v kazdom kanali.
Filtre so zlozkovym triedenim sa nazyvaju zlozkové filtre. Ich
najvacsou nevyhodou je produkcia farebnych artefaktov, pretoze
vystupny vektorovo-hodnotovy obrazovy prvok je vytvoreny zlo-
Zenim vystupov filtra z jednotlivych farebnych kanalov. Prave
touto operaciou vznikaju v ¢lenitych oblastiach obrazu nepri-
rodzené farebné odtiene, na ktoré je Iudsky vizualny systém
vel'mi citlivy.

» Podmienené triedenie
Pri podmienenom triedeni sa zoraduju len prvky jednej zlozky
(pri farebnych obrazoch je Castym pripadom zoradovanie zelenej
zlozky, ked'ze ta nesie najvacsiu informaciu). Ostatné zlozky sa
zoraduju jednoduchym vypisom podla pozicie (poradia) prislus-
nej referencnej zlozky. Hoci takyto spdsob filtracie nesposobuje
artefakty, pretoze na vystupe filtra bude jeden zo vstupnych
vektorov, filtracia s podmienenym triedenim sa vo vSeobecnosti
nepovazuje z dovodu slabSej u¢innosti za najvhodnejsie rieSenie.

Ciastoéné triedenie

Z matematického hladiska je Ciastocné triedenie [18] pravde-
podobne najatraktivnejSim spésobom zoradovania viachodno-
tovych vzoriek. Avsak z dovodu vysokej vypoctovej narocnosti
je jeho pouzitie vel'mi zriedkavé.

» Redukované triedenie
NajcastejSim a s ispechom pouZzivanym typom triedenia je redu-
kované triedenie, ktoré je zalozené na zoradovani vzoriek podla
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tence about the favorable use of componentwise filters in compa-
rison with vector filters dominates; however, this is not the case
[4, 6, 10].

For that reason, the aim of this paper is to present and de-
scribe the most frequently used vector filters. In addition, concer-
ning the performance of vector filters we propose experiences and
information achieved in denoising of color images by proposed
algorithms.

2. Sorting algorithms

In the case of impulse noise suppression in gray-scale images,
the order-statistic filters, concretely various median-type filters [3,
4, 11] are widely used in a smoothing application related with the
suppression of impulses [1, 4-7, 16, 23]. A common feature of
these filter algorithms is an ordering of an input filter set determin-
ed by a filter window. The filter output is generally a sample from
an ordered set according to the performed filter operation.

Unlike univariate ordering, multivariate ordering has no natural
character, since direct extension of univariate ordering algorithms
is impossible in the case of multivariate samples. For that reason,
to order multivariate samples, the following four approaches are
used [4, 11, 12, 18]:

« Marginal ordering

In marginal ordering, ordering is performed along each com-
ponent of multivariate samples. Filters based on the marginal
ordering are called componentwise filters. The main drawback
of componentwise filters is the making of artifacts, since the
output is composed from particular processed color channels.
Thus, in multiple image regions componentwise filters produce
no natural color tones on that the human visual system is very
sensitive.

« Conditional ordering
Conditional ordering orders only one of the components (fre-
quently used is ordering of green channel samples, since R com-
ponent is a carrier of more significant information). Others color
components are ordered according to a sample rank of the refe-
rence color channel. By this approach the filter output is still
passed on to one of input vectors. Although conditional orde-
ring does not generate artifacts for worse performance, the fil-
tering with conditional ordering is not found as useful solution.

« Partial ordering
Mathematically, a partial ordering scheme [18] is a very attrac-
tive method for multivariate ordering; however, according to
extreme computational complexity, the practical use of partial
ordering is infrequent.

« Reduced ordering
The frequently and successfully used ordering scheme is reduced
ordering that is based on sample ordering according to their
distances to a preselected central location. Consider input set
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ich vzdialenosti ku vopred zadanej hodnote. Pri uvaZovani vstup-
nej mnoZiny W obsahujucej vektory x,, x,, ..., Xy su tieto
vektory zoradované na zaklade ich vzdialenosti d; pre i = 1, 2,
..., N k ur€itému referencnému vektoru x,. Zvy€ajne je tato vse-
obecna vzdialenost vyjadrena ako

di= (= x)I (v, — x,) (1

kde pozitivne definitna matica I"' mozZe byt identicka matica,
matica disperzii, alebo diagondlna matica minimalne kvadratov
rozdielov medzi vzorkami.

3. Vektorové filtre medianového typu

NajznamejSim a najviac rozSirenym vektorovym filtrom je
vektorovy medianovy filter (VMF). V tejto Casti opiSeme aj rozsi-
renia VMF, konkrétne rozsirené VMF, vazené VMF a rozsirené
vazené VMF. Filtra¢na trieda vektorovych medianovych filtrov
a ich rozsireni je zalozena prave na redukovanom triedeni, pricom
referencny vektor v tomto pripade predstavuje vystup filtra.

« Vektorovy median
Za referencny filter v oblasti nelinearnych vektorovych filtrov
sa povazuje vektorovy medianovy filter (VMF), ktory bol prvy-
krat uvedeny v [1]. Vystup VMF filtra je definovany ako [1, 2,
7,8, 21]

N N
Z”yVMF - xi”L = Z” X, = xiHL pre j=1.,N (2)
i=1 i=1

kde yyrie vystup VME, x; pre i = 1, 2, ..., N st vstupné vektory,
N je vel'kost pracovného okna a L reprezentuje normu, najcas-
tejSie absolutnu alebo euklidovsku vzdialenost. Uprednostnenim
euklidovskej vzdialenosti bude filter lepsie potlacat Sum, zatial
¢o pri absolutnej vzdialenosti sa VMF bude vyznacovat lepsim
zachovanim detailov. V pripade, Ze Sum je vzhladom na jed-
notlivé farebné zlozky nezavisly, potom VMF nemdze vo vSe-
obecnosti dosiahnut taky utlm Sumu ako v pripade zlozkového
medianového filtra.

« Rozsireny vektorovy median

V niektorych aplikaciach sa mo6zu utlmové vlastnosti vektorového
medianového filtra prejavit nedostatocne. Z tohto dévodu bola
najdena modifikacia alebo rozsirenie Standardného VMF, ktoré
kombinuje VMF a spriemernovaci filter (AF). Vystupom rozsire-
ného vektorového medianového filtra (EVMF) [1, 4, 11] je vektor
korespondujuci bud vystupu VMF, alebo vystupu AF.

Vystup EVMF pre vstupnii mnoZinu vektorov x,, X,, ..., Xy je
dany vztahom [1, 8, 11]

N N
Yar ak Z||yAF -xl. = Z”)’VMF = x. 3
= =

Yvmr inak

)

YEVvmr =

kde y ,rje vystup spriemerfiovacieho filtra a y,, je vystup Stan-
dardného vektorového medianového filtra (2). Vystup spriemer-
novacieho filtra je vyjadreny rovnicou
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W including the set of vectors x,, x,, ..., Xy, then these vector
samples are ordered with respect to their distance d; for i = 1,
2, ..., N to a reference (central) location x,. Usually, a general
distance can be expressed as

4= (= x)I'(x; — x,) (1

where positive definite matrix I' may be the identity matrix,
sample dispersion matrix or diagonal matrix of minimal qua-
drates of sample differences.

3. Median-type vector filters

A widely known and used vector filter is the vector median
filter (VMF). In this section we describe the extension of VMF, as
well as, concretely extended VMF, weighted VMF and extended
weighted VMF. A filter class of vector median filters and their
extensions is based on the reduced ordering, where a reference
vector represents a filter output simultaneously.

« Vector median filter
Vector median filter (VMF) introduced in [1] is considered as
a reference filter in the area of nonlinear vector filters. The
output of VMF is defined as [1, 2, 7, 8, 21]

N N
2w =l =2 x5 =il for j=1,..N ©)
i=1 i=1

where y,,,r represents the output of VMF, x; fori = 1,2, .., N
are input vector, N is an operation (filter) window size and L
represents used norm, often absolute or Euclidean distance. If
the Euclidean distance is preferred a filter well suppresses the
noise. On the other hand, VMF, with absolute distance, performs
better signal-details preservation. If the noise and color compo-
nents of useful signal are independent, then vector median filter
can not generally achieve noise attenuation such as compo-
nentwise median filter.

« Extended vector median filter

In some applications the noise attenuation properties of VMF
can be shown as insufficient. For that reason the modification
or the extension of standard VMF was developed. This extension
combines the properties of VMF with average filter (AF). Thus,
the output of extended vector median filter (EVMF) [1, 4, 11]
is a vector corresponding with VMF or AF outputs.

For input set x,, x5, ..., Xy is the output of EVMF given by [1,
8, 11]

N N
Yar if Z||yAF - x, = Z”yVMF = x,
i=1 i=1 (C)

Yvmr otherwise

YEVvmr =

where y, is average filter output and y,,, is output of VMF
defined by (2). Average filter is defined by
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Yar =

-

X

: C))

=~

1

i

Je zrejmé, ze nasledkom uplatnenia spriemernovacieho filtra
byt vytvaranie farebnych artefaktov. Napriek skutocnosti, ze vystup
EVMF nemusi byt vidy jeden zo vstupnych vektorov, hlavne na
hranach sa EVMF vyznacuje lepsou ucinnostou nez VMF. Navyse,
pri si¢asnom pos§kodeni obrazu impulzovym aj Gaussovym Sumom,
t. j. mixovanym Sumom, sa pre impulzy bude uplatiiovat vystup
VME, zatial ¢o v pripade Gaussovho Sumu lepsi odhad poskytne
spriemernujuci filter.

« Vazeny vektorovy median

Podobne ako v pripade Standardnych medianovych filtrov [3, 4,
11], jeden z najprirodzenejSich postupov pri zlepSeni Gcinnosti
VMF vedie k zavedeniu vah, t. j. k urCeniu dolezitosti tej-ktorej
vzorky. V pripade, Ze existuju nezaporné celoCislené vahy w,
Wy, ..., Wy, ktoré koreSponduju so vstupnymi vektormi x|, x,, ...,
Xy, VEKLOT Yy i€ Vystupom vdZeného vektorového medianového
filtra (WVMF), ak prej = 1, 2, ..., N plati [6, 10, 11, 21]

N N

Z Wi”)’WVMFf)Ci”LS 2 Winjixi”L %)

= =
kde L je podobne ako v predchadzajucich pripadoch absolitna
alebo euklidovska vzdialenost. V zavislosti od normy L sa WVMF
sa vyznacuje lep§imi utlmovymi vlastnostami, alebo tento filter
bude lepsie chranit detaily. Vyznamnou vlastnostou WVMF,
podobne ako pri VMF, je skutoc¢nost, Ze vystup WVMF moze
byt jedine vektor zo vstupnej mnoZiny x;, x,, ..., Xy. Z (5) je
zrejmé, ze WVMF pre w; = 1,71 =1, 2, ..., N su totozné s VMF.

RozSireny vaZeny vektorovy median
Zavedenim vazeného spriemernujuceho filtra [21]

N
> W (6)

kde x,, x5, ..., Xy je vstupnd mnoZina a wy, w,, ..., Wy SU neza-
porné celociselné vahy, vystup rozsireného vazeného vektoro-
vého filtra (EWVMF) moze byt vyjadreny ako [8, 21]

Yoar  if
Yewvmr = i=1
Yvmr otherwise

kde yyparie vystup WVMF definovany v (5).

V pripade, ze w; = 1 (pre i = 1, 2, ..., N) definicia EWVMF (7)
je ekvivalentna definicii EVMF (3) a definicia AF (4) je
totozna s definiciou WAF (6).

4. Vektorové smerové filtre

Okrem vektorovych medianovych filtrov, pri ktorych sa vyuziva
vzdialenost medzi vstupnymi vektormi, existuju este vektorové
smerové filtre zaloZené na vzajomnej absolutnej uhlovej vzdiale-
nosti vstupnych vektorov x,, x,, ..., xy [4, 5, 11, 13]

N
ZW;
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Yar =

-

X, )

=| -

1

i

It is evident that the use of average filter can result in making
color artifacts, since AF produces a new vector sample. Even
though, especially near the edges EVMF is characterized by better
performance of filtering operation than of VMF. In addition, if an
image is corrupted simultaneously by impulsive noise and Gaussian
noise i.e. it results in mixed noise, in the case of impulses the output
of VMF will be active, whereas average filtering operation performs
better than the estimate in the presence of Gaussian noise.

« Weighted vector median filter

Similar to the case of standard median filters [3, 4, 11], one of
the most natural filter improvements leads to the introduction
of weights, i.e. to determination of sample importance. If exist
nonnegative integer weights w;, w,, ..., wy that correspond with
input vectors x|, X,, ..., Xy, then yy,,-is the output of a weigh-
ted vector median filter (WVMEF), then following expression is
valid [6, 10, 11, 21]

N N
Z Wil ywwaer — xll. = Z w,llx = x|, )

i=1 i=1

where L is similar to previous definitions absolute or Euclidean
distance. In the dependence on distance L, WVMEF is characte-
rized by better noise attenuation properties or filter will be better
preserve signal-details. Important property of WVME, similar
to VMF, is the fact that output of WVMF is forced to only be
a sample from input set x,, x,, ..., Xy. From (5) it is evident that
WVMF are identical if with VMF forw, = 1,i=1, 2, ..., N.

« Extended weighted vector median
If weighted average filter [21] is introduced

N
S W, (6)

where x|, x,, ..., Xy is input set and w,, w,, ..., wy are nonne-
gative integer weights, the output of extended weighted vector
median (EWVMF) can be expressed as [8,21]

N
‘yW«iF - Xz”L < Z w; ”yWVMF - x[”L

=1 (N

where yyy,r is the output of WVMF defined by (5).

In the case of w;, =1 (for i =1, 2, ..., N) the definition of
EWVMEF (7) is equivalent with the definition of EVMF (3) and
definition AF (4) is identical with definition of WAF (6).

4. Vector directional filters

Besides vector median filters that are based on the distances
between input vector samples, to suppress the noise vector direc-
tional filters with the sample outputting according to correspond-
ing angle distance of input set x, x,, ..., xy [4, 5, 11, 13] are used:
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=z

(®)

a; =

J

A(x;,x) pre i=1,2, ., N
1

kde A(x;, x;) urCuje uhol medzi m-rozmernymi vektormi x; = (x;;,

Xigs v Xim) X, = (X1, X;5, ..oy X;,,,) definovany vztahom

Alx,, x;) = cos~ " _mY (92)
(A DXID . Dx/D
4 XXt XpXp T XX,
= cos 2 2 2 /2 2 > | (Ob)
Xi1 + X2 +t Xim YV Xj1 + X2 Tt Xjm
Vo v§eobecnom pripade plati
0=A(x,x) = (10)

zatial Co pre farebné obrazy je platny nasledujuci vyraz [11, 19]

0=A(x;, x;) = m/2 (11)

Vektorové smerové filtre (VDF) [4, 5, 11, 13, 19] st zaloZené
na smerovej informacii, t. j. na informacii o smere a vel'kosti obra-
zovych vektorov. Tieto filtre produkuju optimalne odhady obrazo-
vych vektorov v zmysle smerovej informacie. VDF st velmi dolezité
v pripade filtracie farebnych obrazov, pretoze smery vektorov nazna-
¢uju chromatickost danej farby a pracuji optimalne v zmysle zacho-
vania smeru obrazového vektora.

Zoradenim prvkov ¢, ,, ..., ay podla

Q) = Q) =.= (7 =.= ) (12)
dojde aj ku koreSpondujucemu preusporiadaniu vektorov x;, x,,
...,y Xy, €0 je vyjadrené zapisom

WW=xP=<s =xP<. =x™

(13)
V zavislosti od vyberu vystupnej vzorky je mozné rozlisit:

« zakladny vektorovy smerovy filter
V pripade, Ze vystup smerového filtra bude vzorka x" defino-
vana (13), potom tento filter sa nazyva zakladny vektorovy
smerovy filter, oznacovany ako BVDF, ¢o je mozné vyjadrit
pomocou [4, 5, 11, 20]

YpvpF = x (14)

Dolezitou vlastnostou BVDF je, ze vystupom BVDF je jeden
vektor zo vstupnej mnoZiny, ktory minimalizuje sucet uhlov vo
vnutri vstupnej mnoZiny. Pouzitie BVDF limituje stupen znehod-
notenia a do zna¢nej miery zavisi od miery korelacie farebnych
zloziek zasumenych obrazovych prvkov [4, 11]. AvSak pri obrazoch
s malym stupnom poskodenia impulzovym Sumom, a pripadne aj
Gaussovym Sumom [13], BVDF poskytuje vo v§eobecnosti lepSie
odhady v porovnani s vektorovymi medianovymi filtrami.

Ako je vSak uvedené v [5, 13], existuju aj iné vztahy pre uhlové
vzdialenosti nez (8) a (9), napr. priemerna uhlova vzdialenost,
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=

(8)

o =

J

A(x;, xp) for i=1,2,., N
1

where A(x;, x;) denotes the angle between two m-dimensional
VeCtors X; = (X1, Xps wes Xg) @0 X; = (X;1, X, oons X;,), Where

(%a)

-1 X )
A(x[, x/.) = COoS m

1 XXt XpXp o X X,
= cos 2 2 2 /2 2 > | (O0)
Xyt xpt ot X, Vg +x, ot x,

In general case

0=A(x,x)=m (10)
is valid, whereas in the case of color image [11, 19]
0= A(x;, x) = 7/2 (11)

Vector directional filters (VDF) [4, 5, 11, 13, 19] are based on
directional information, i.e. they utilize direction and magnitude
of image vectors. Importance of VDF resides in the processing
concept, where vector directions indicate color chromaticity and
thus, VDF perform optimal filtering operation in the sense of
sample direction preservation.

Ordering angle distances «;, @,, ..., &y according to

QS Qo) = S0y S S gy, (12)
implies the same ordering to the corresponding input samples,
that can be expressed as

=P = ===

(13)

In the dependence on output choice we differentiate:

« Basic vector directional filter
If the output of vector directional filter is equal to x‘ (13),
then filter is called as basic vector directional filter (BVDF).
The corresponding filtering operation can be defined by [4, 5,
11, 20]

YpvpF = x (14)

An important property of BVDF is the filter output sampled
from the input set that minimizes the sum of angles with other
vectors. The use of BVDF is limited by the degree of noise cor-
ruption, and it is dependent on the correlation degree of color
components of corrupted image points [4, 11]. However, in the
case of images softly degraded by impulse noise or Gaussian noise
[13], BVDF generally provide better estimates in comparison with
vector median filters.

Besides absolute angle distance (8) and (9) additional angle
distances [5, 13] are used in accordance with directional filters,
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kvadraticka vzdialenost, ¢i priemerna kvadraticka vzdialenost.
S ohladom na tieto vzdialenosti je G¢innost BVDF prezentovana
v [5].

» vSeobecny vektorovy smerovy filter
V pripade, Ze vystup filtra bude vyjadreny ako mnozina prvych
r vyrazov z rovnice (13) a za predpokladu (12), potom je tento
filter oznaCovany ako vSeobecny vektorovy smerovy filter
(GVDF). Matematicky je mozné vystup GVDF zapisat ako [11,
13, 19]

O

Yavor = {x (15)

Vystupom GVDF je mnoZina r vektorov, ktoré sa vyznacuju
malou hodnotou suctu uhlovych vzdialenosti «;. Takto sa moZe
vystupna mnozina GVDF pouzit v druhej urovni ako vstupna
mnozina pre dalsi filter, kde bude uvazovana len vel'kost vektorov
0, xP X, pretoze tieto vektory sa vyznacuju priblizne rov-
nakym smerom vo vektorovom priestore. Jednoducho povedané,
produktom GVDF je mnoZina vektorov s priblizne rovnakym
smerom vo farebnom priestore, ¢im su eliminované vektory s aty-
pickymi smermi. Z tohto vyplyva, ze GVDF rozdeluje spracovanie
farebnych vektorov na smerové spracovanie a spracovanie podla
vel'kosti, kde sa vyuziva kaskadne zapojenie s filtrom vyuzivajicim
velkost vektorov. Najcastejsie sa v druhej urovni pouziva [11, 20]
a-upraveny spriemernujuci filter, viacuroviiovy medianovy filter
alebo niektoré morfologické filtre.

« sféricky medianovy filter
Do triedy vektorovych smerovych filtrov patria aj sférické media-
nov filtre (SMF) [20], ktorych vystupom je nahodny vektor
Xg = [Xg1, Xg2, s Xgp)s ktory minimalizuje
N
a= Z A(xg, xj) 17)
j=1
kde x; (prej = 1, 2, ..., N) je mnoZina vstupnych vektorov. SMF
vsak vnasaju do odhadu chybu, pretoZe vystup sférickych media-
novych filtrov nie je vektor zo vstupnej mnoziny, ¢im dochadza
prinajmensom k uhlovému skresleniu vysledného vektora.

5. Zaver

Charakter farebnych obrazov, ktoré predstavuju priklad vekto-
rovo-hodnotovych obrazovych signalov, podporuje pouZzitie vekto-
rovych metod pri ich spracovani. Tymto sa spracovanie vekto-
rovo-hodnotovych signalov stava optimalnym, bez produkovania
farebnych artefaktov, na ktoré je ludsky vizualny systém najviac
citlivy. Z tohto dovodu by sa mali pri odstrafiovani Sumu z fareb-
nych obrazov uprednostiiovat vektorové filtre, ktorym bol veno-
vany tento kratky prehlad.

Dalsi rozvoj v oblasti vektorovej filtracie podporuje aj ich pri-
padné vyuzitie v modernych komunikaénych technologiach, ako
aj v oblasti priemyslu, astronautiky, atd., kde sa velky doraz kladie
na zachovanie uzito¢nej farebnej informacie s vylu¢enim rusivych
vplyvov.
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such as mean (average) absolute distance, square distance and mean
square distance. Considering the mentioned angle distances, the
performance of BVDF is presented in [5].

« General vector directional filter
In the case, that a filter output can be expressed as the set of
first r terms of (13) with the simultaneous valid (12), the filter
is so called general vector directional filter (GVDF). Mathe-
matically, GVDF output is defined by [11, 13, 19]

(15)

Vevor = {x(l)’ x(2), " x(r)]

GVDF output, the set of vectors whose angle «; (fori = 1, 2,
..., N) from all other vectors, is small. Thus, the output set of
GVDF can be used in the second level as an input for additional
filter, where samples x", x?, ..., x” will be processed according
to their magnitude since these vectors have approximately equal
direction in a vector space. Simply and clearly, GVDF produce
a set of vectors with similar directions in color space, and thus,
samples with atypical directions are eliminated. It follows that
GVDF differentiate the processing of color vector on directional
processing and magnitude processing. In the case of the second
level, i.e. magnitude processing, the cascade connection of GVDF
and magnitude processing filter is utilized. Frequently, a~trimmed
average filter, multistage median filter MF and some morphologi-
cal filters are used [11,20].

« Spherical median filter
A class of vector directional filters includes spherical medians
(SMF) [20] that an output random vector xg = {Xg;, Xgp, -
Xg,,,] minimized
N
a= Zl A(xg, X)) )
J=
where X; (for j =1, 2, ..., N) is an input set. However, SMF
brings into estimate some error, since the output of SMF is not

a sample from an input set. to the angle distortion of output
vector

5. Conclusion

The character of color images (i.e. vector-valued image signals)
requires vector processing. Only this approach is optimal since
vector methods do not produce color artifacts, on that the human
visual system is sensitive. To perform the denoising process some
vector filters would be preferred. For that reason, in this paper we
propose a short review of vector filters.

Further development in the vector filters area is motivated by
the additional use in modern communication technologies, and
next in the industry field, astronautics etc., where preserving
useful color information is very important and spurious influen-
ces are needed to be eliminated.
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