N YPOMHIKA
DiATpa
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DiATpa diapeoncg TIPAC —
(median,order statistic)

Mn YpOUUIKG QIATPO peaNG TIUNG
Mop@poAoyIKa QIATpa
OpopopPIKa QIATPO

[ToAUWVUUIKGO QIATPQ
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P ®ikTpa SiGueonc TIWAC (median filters)
Opiouoi

y(n)=median{x(n-M),...x(n)....x(n+M)}

median,{1,10,3,6,2}=mediar Akpaia onueia
-guvoplaka

napadsiypa
Aivetai Toonua x = {2 806 3 3..}

y(1) = Median;{2, 2, 80}= 2

y(2) = Medians{2, 80, 6} = Median{2, 6, 80} = 6
y(3) = Median;{80, 6, 3} = Median{3, 6, 80}= 6
y(4) = Median; {6, 3, 3}= Median{3, 3, 6} = 3

Apa y={2663..}
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ys(n)

-0.5

10 12 14 16 18 20

0

10 12 14 16 18 20

Opiouoi

To onpa x(n)

€£000G DAT pe N=3

££080G ®AT pe N=5

2. QwroéTToUAOG

MH rPAMMIKA OIATPA

MeTatrTuyiaké MNMpoypappa 4/50



n 1016TNTEG

MH IrPAMMIKA

median {x1,x2,x3} +median{yl,y2,y3}median{x1+yl1,x2+y2,x3+y3}
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1016TNTEG

Znpara - pideg

o

| | |
0 5 10 15 20

P Iy EnevEMIBLEN EpapuoV
| |

Tou median @iATpou

0 5 10 = 2 kaTtaAnyEl O€ EIKOVEG NOU

ol _/_/K | dev peTaBalrovrai.

0 5 10 15 20

Oewpnpa: 'Eva onua pifa anoteAsiTal ano oTabepEC NEPIOXEC KAl AKMEC
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F 1016TNTEG

@ewpnua:

EnavaAappavopevn epappoyn median QIATpou kaTaAnyel o

onua pida.
[a ¢iATpo napadupou 2K+1 kal orjua pnkouc L o péyiotog

apIBuOC TWV ENavaANWewy Eivar:

L-2
2(K+2)

3
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n 1016TNTEG

KpouoTiKn anokpion

T sivar impulse: Auo oTaBepéc nepioxec Pe K onueia peTa&u autwv

Lo

'Eva ®AT pe pnkoc N=3 dev aAloiwvel To onpa - otabepn nepioxn.
[la N=5 opwc o1 duo naApoi eEaisipovTtal agpou median{0, 0, 0, 1, 1}=0
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1810TNTEG

Anokpion o€ akpn (papna)

o
€i6060g X(N) Kot

£€000g ®AT
1 ® ©®© o o
@iltpo péong &
TG
0 —o—o—@

Ariokpion @AT (N=3)oe akur,.
AEIKVUETAI yia OUYKPION Kal 1 arioKpion QIATOOU LIECNC TILIC.

Z. PWTOTTOUAOG MH FPAMMIKA ®IATPA MeratrTuxiako Mpoypappa
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ETravaAntrTika @iAtpa Aidpeong TINAG
(Recursive)

y(n)=med{y(n-M),y(n-M+1)...y(n-1),x(n),x(n+1),...x(n+M)}

KAaTaAnyouv HE £va NEpAacpa o€ onua-pila

KaAUTepo IATpapIoua
aAla
||‘ HEYAAUTEPN NAPALOPPWON
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1016TNTEG

ZUpnEPIPOPa oTo 60pufo

1 N= ]
0
0

2 1y 50 100

0 50 100

To onua €icodou eival akohoubia Gaussian BopuBou (1,0).
H @iATpapiopevn €€000¢ £xel aioBNTa PIKPOTEPN dlaKUKavon
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OopuBoC -KATAVOHEG

p(z)

pz)

‘ -

b Z

—Laplace(0,1)
—PJormal{0,1]

2. QwroéTToUAOG

MH rPAMMIKA OIATPA

MeTatrTuyiaké MNMpoypappa
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2UUTTEPIPOPA OTO OOpUflo

®iATpo median

OopuBoc otnVv | DiATPO HEONC
€i00d0 TIHNG
m, 02
Laplacian J2 gk o o 1
P f)="Ze"*% & "2
(o)
Uniform _ o’ 3.9
f(x)_xz_xl yiaX, <X<X, Y n+ 2
Gaussian F0) = L grocmrzs o g w
o\2n n n+5-1 2

2. QwroéTToUAOG

MH rPAMMIKA OIATPA

MeTatrTuyiaké MNMpoypappa
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r" AanAaciavoc 6opupoc

.. Kai extipnon péyiorng mBavogaveiag (maximum likelihood estimation)

f(x)_ﬁe‘f 2
O

—Z|x x|

I I:e—lx—Xlle—IX—lee—|X—X3| e Xl —

Z>Z|X—Xi =
i
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I | zav napadsiypa

Aiveral To gUvoAo{2,6,1}

yia x=2-> Z|x-xi|=|2-6|+|2-1|=5
yia Xx=6-> 2|x-xi|=|2-6[+]6-1|=9 > EmAgyeTal x=2
via x=1-> Z|x-xi|=|2-1|+|6-1|=6

..... Mou sival To median{2,6,1}=2

AnAadn 1o median gival 0 KAAUTEPOG EKTINNTNG
HEONG TIHNG O€ dedopeva AanAaciavig KaTavoung
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r\ NMpootyyion Twv median @IATpWYV

L(X,,) =2 [ X, —X; |

Eav {x}=1,2,2.5,4,7,7.5,9

x 107

30

28

26 -

24~

22

20

18
0

S T xm)

ety |L(X,)]
Z 1
e [ILx DI
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y(n) =




Fevikeuon TnG median TIMNG
o€ O1aVUOHATIKEG J1a01KACIEC
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n AlavuopaTIKOC O1AHECOG
Vector median

Nw¢ diaraggovral n diavuopara ?

1. YnoMoyilovTal oI anooTACEIC d(xx)
d(%;%;) kGBe diaviopaTog x;
ano oAa Ta unoAoina

2. YnoloyileTal n ouvoAIKn
anooTaon:

d; = led(xi,xj)
=

3. O diavuopaTikoc diapeooc - To diIavuopa#5 £xel TNV PIKPOTEPN OUVOAIKA
Vector Median Filter VMF- (eukAeideia) andooTacn anod Ta unoAoina
dlavuopaTa

avTIOTOIXEI OTO HIKPOTEPO d.
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n Vector Directional Filters - VDF

O VD d1avuopaTikog dIapecoC
AvTIOTOIXEI OTO HIKPOTEPO a,
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n YAonoinon TV
median QIATpWV

AnoouvOeon kKaTw@Aiou
®diATpa cwpou (stack filters)

OeTikn ocuvaptnon Boole
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®iATpa owpou — stack filters.

LSO0314132041400..

L
[hreshold decomposition

§

Ududdlodgololon..

001010100101 00

OoloIOII010100

001110101001 1100

Median filler

= | Bimary Median Fulter

Binary Median Filter

ﬂi“.u i .'|.1|':ii.-.|'. HII.-|

F.;i||.|l v Median F'||I|."|

U011 322214100..

)

Addition
&

Subbutuopoblood..

Q0010100001000

NODIGLILTID1I000

QOFLLLLI0R0100.,

ZTnv €/0000 TO OTjHa anoouvTIOETal UE KATWPAIONOINoN Kai
npooTiBsvrail o1 €éodol. Eav kdBe ypauun npayuaronoilsi median
npaén To aBpoioua Twv duadikwv eE0dwv Ba sivar o median

QiATpo

2. QwroéTToUAOG

MH rPAMMIKA OIATPA

MeTatrTuyiaké MNMpoypappa
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n OeTIKN ouvapTnon Boole
Positive boolean function PBF

= v median giitpo 3 onueiwv
med{x1,x2,x3 }
M teodvvaun dvadikry Boolean cuvéptnon:
f(x1; x2; x3) = XxI1x2 + x2x3 +x1x3
s [evika:
f(x1, X2, X3, x4 X5) = xIx2 + x2x3x4 + X4x5
= Max-min

MAX {MIN{L Xo ), MIN{Xs, X3, Xg}, MINTX,, X} }
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NMAPATQrA ®IATPA

(Ano Ta median)
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Alpha trimmed mean filter

1 N- (xN]
y(n) = ix ) (1)
N —2[aN] ;x5

{x(n), X(n-1),....,x(n-N+1)} kai n diateTaypevn av&ouaa osIpa €ival
X1)(N)=X5y(N) < ...<X(N)
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n Maximum(A) = max[A(x + 1,y + J)]

remove negative outlier noise

The original 256 x 256 pixel image corrupted by additive Gauss noise
and the maximum filtered image using a 3 x 3 pixel square mask.
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Midpoint Filter
1
y(n) = 5 [X (n) + Xm) (n)]

{22,77,48,150,77,158,0,77,218}

n €€odoc = (218+0)/2 = 109

Exouv BEATIOTN CUMNEPIPOPA OTNV KATAOTOAN Tou BopuBou

|| OMOIONOPPNG KATAVOUNG
N YEVIKQTEPA KATAVOUWV HIKPNG oUpdc.
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n Range Filter

Fanee (A) = max] Alx +i, v+ 1] —mun[ Aix +i, v+ 7]

The range filter is used to find edges within an image

- N > - "l T e— T
q = 3 X s

The original 256 x 256 pixel image corrupted by additive Gauss noise
and the range filtered image using a 5 x 5 pixel square mask
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n Weighted Median Filter

WaX=XXX. X Wtimes

Definition. median of X,.X,... X, with weights W,.W,._ .
Y =med {W,c X, Wyo X, W,oX,}

Example. x=[-15811-2]
W=[123 2 1]

Then WoX =med{ll 11 8 §8 8§ 3 3 -1 -2}=8§
Note that med{X}=5
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FIR MEDIAN HYBRID (FMH)

PIATpa

FIR1 FIR2 FIR3
| | |
MEDIAN
y(n)

2. QwroéTToUAOG

MH rPAMMIKA OIATPA

MeTatrTuyiaké MNMpoypappa
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FMH @iATpa pe uno@iAtpa
‘averagers’

y(n) =media{FIRO;, ,x(n),FIRO,, }
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©) (O ONONE)

OO OO0O0

(ONONONG;

OO OO0OO0
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FMH @iATpa ps uno@iATpa
‘linear predictors’

FIRL,, = Zk:hl(i)x(n i)

FIR1, , = Zk:hl(i)x(n +1)
_ 4k — 61 + 2

k(k—-1)
y(n)=median{FIR1, ,x(n),FIR1,, }

6mov h, (i) =
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n ‘linear predictors’ -ouveyeia

OuaolaoTika ‘npoBAENOUV’ TIC PAUNEC

signal—ramp :x(n)=an+a,

predictor : X(n)= Ek:h(i)x(n —1i)

an+a,=X(n)= ih(i)[al(n—i)+ao] =

k
a, = Y h(ia,
i=1

i=1

a,n = i h(i)[a,(n —1)]

-

k

> h@)=1

=>4 =
D ih(i) =0
L i=1
OUVEXEIQ
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k
Yo cijpa+06pvPo : ol =o; Y [h(i)I’

i=1
O1 ouvTteheoTec h(i) BpiokovTal he

Tnv hyeBodo Langrage:

L(h;,2,,4) = zk:[h(i)]2 + l[zk: h(i) - 1] + Mzk:ih(i)

@ h (i)_4k—6i+2
B Rk =1)
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median

‘ 44.!0..1.............!. O
.. ... O ecccce
/:..C‘
: ’..
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Baoikn 1016TNTA:
TpIywVIKA ouaTa gival cAuaTta-pideg
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0.5

-0.5r

Huitovikd oiuara kal median filtering

/\“ [ “ f

ApXIKO onua

I

0 Q.5

-0.5F

)

|

)

"

i

i

.

N=11

ﬂ\

JWJ

\
r

50

100 150

2. QwroéTToUAOG

MH rPAMMIKA OIATPA

MeTatrTuyiaké MNMpoypappa
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A16pBwon TNG ‘NapapopPwonc’
Me FMH7 @iATpa

y(n)=median{FIROfw, FIR1fw, FIRObw, FIR1bw, x(n), x(n), x(n)}

k <0.63f /f,
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IPG-FMH

In-place growing FIR-median hybrid
filters (IPG-FMH) are based on
median filtering

Has robust nature

Pulses longer than than root signal
are detected reliably, shorter pulses
are rejected.

Suitable for trend estimation of signal

Input signal is filtered (FIR), output is
median of linear filters

Preserves sharp edges in trend better
than linear low-pass filter

Attenuates wide-band noise
effectively

2. dwroTtToulog MH rPAMMIKA OIATPA

MeTatrTuyiaké MNMpoypappa
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r\ Diltpo dSrapeonc Tipung 6Vo dracTAcEOV
- EIKOVO,

Aldtaén coppmva
LE TNV Tun tov pixel
10

12

15

17

20— O1bueon
25 TN

30

50

60

10

50

60

H viomoinei) Tovg yivetal pe kofopiopd evog mapadvpov (pdokac) mov
oLaTpPEYEL OAN TNV IKOVA Kol eMAEYETOL MG £6000G 1) pecaia (Median) Tiuy.
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n Vector median filters

napadeiyua

(a) H eikova “Peppers”, 256x256, 24-bit per pixel, (b)Noisy Image, (c) H
£€odoc Tou VMF. O ©0opuPoc oTnv apxikn €ikova eival gaussian(0,152)
Kal KpouaTIKOG(1%) og kAbe kavaAl.
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Mn ypappika @iATpa pEong TIMNG

Na KaBe cuvoAo aplOuwyV X; ICXUEL:

MiN{X, }< Ve, Y SYn SYe SXSY ) S Yoy SmMax{x;}

Z. PWTOTTOUAOG MH FPAMMIKA ®IATPA MeratrTuxiako Mpoypappa 42/50



Arithmetic N
mean Y=Z - =X
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mean = /X, X, ... Xy,

n Geometric N 1N
Yo = Hxi
i=1

The geometric mean filter is very susceptible to negative outliers

the geometric mean filtered image using a 3 x 3 pixel square mask
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N
n Harmonic mean Yu =

1,2,4>

3 1 12
el R D T

[MoAU kaAo

yia e€aAeiyn

BeTikwV" outliers”

The original 180 x 210 pixel image and the harmonic mean filtered image
using a 2 x 2 pixel square mask
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Lp Mean N :

MoAU kaAo

yia €aleiyn
apvnTikwv outliers”

.MY$

the Yp mean filtered image using a 5 x 5 pixel square mask and P = 2.
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Contra-harmonic Yy = =L

i=1
The contra-harmonic filter is very good at removing positive outliers
for negative values of P and negative outliers for positive values of P

.MY5

contra-harmonic mean filtered image using
a 5 x 5 pixel square mask and P = -2
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2UUTTEPIPOPA OE AKMN

CH,

CH,,
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n 2UMTTEPIPOPA OE KPOUOTIKO

06pufo
10 10
T QPO
5 0C0C00 ! S
0 ' — 0 ¢ N A7 7 T A
0 5 10 15 20 0 5 10 15 20

N=5, p=2

Oi apvnTikoi naApoi @IATpapovTai yia p>0

Kal avtioTpo®a, o1 B<Tikoi QpIATpapovTail yia p<0

Z. PWTOTTOUAOG MH FPAMMIKA ®IATPA MeratrTuxiako Mpoypappa 49/50



~

Xpnoiya sites

http://www.blackice.com/effectfilterNONLINEAR.htm
http://www.icg.tu-graz.ac.at/courses/cgcv/slides08/cv1-02-Pre-Proc-Filter_1.pdf
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