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N300pakeHnst B Mpolecce PerucTpaly ¥ Mepeiady 1Mo KaHajdaM CBS3M OOBIYHO MCKAKAIOTCS CIIyYalHBIMH
noMexamH. Ecin HeMcKa)keHHBIH CHTHAN ¢ BBIXOZA JaTYMKa MOAaTh HEIOCPEICTBEHHO Ha BXOJ MOHHUTOpA, TO JaXe U
B 9TOM CIly4ae BOCIPOM3BOJIUMOE M300paXkeHHe OyAeT MMETh HEKOTOPYIO 3€pHHCTOCTb, CTPYKTypa KOTOPOH MMeeT
ciydaiiHplii  xapaktep. OOBIYHO BKJIA® IIyMa YYUTHIBAeTCS KakK  aJWTHBHBIA  CIIy4allHBIA  mporiecc,
HEKOppEeINpOBaHHBIH ¢ wu300pakeHneM [1]. TIpakTHueckd MOXHO CUHTaTh, YTO HWCTOYHUKH H300paXKEHHUS
BEIpabaTHIBAlOT rayccoB ImyM. KaHaibl mepenaun aHajIoroBOW MH(OPMAIMH BHOCAT IIYM, KOTOPBIH TakkKe MOXHO
cuntaTh rayccoBeiM [2]. Takum oOpazoMm, mporiecc (HOpMHPOBaHHS W300PKEHUS MaTEeMaTHUYCCKH MOXHO
MIPEICTaBUTH B BUJIC
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SIPKOCTH COOTBETCTBEHHO B KPACHOM, 3€JICHON M CHHEH IIBETOBBIX IUIOCKOCTSIX NpocTpaHcTBa RGB;
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IIBETOBBIX TUTIOCKOCTAX mpocTpaHcTBa RGB.
Ha npaktuke n3o0pakeHre 9acTo ObIBAET MCKAXKEHO TAKKe MOMEXaMH JIOKATBHOTO (MMITyJbCHOTO) THia. C

Y4eTOM 3TOTO Tiporiecc popmupoBanus nzodpaxkenus (1) mpumeT BUI
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rme N;(i,j) — MHOroMepHBIl MMIYILCHBIH ITyM, MMEIONMHA GOJNBIIYI0 HMIM MEHBIIYIO AMILIUTYLY
OTHOCHTEJILHO COCEHUX TOYEK N300paKEHHMs 110 KpaliHe Mepe B OJHON M3 I[BETOBBIX INIOCKOCTEH.
[peamonoxum, uto mnpouecc QopmupoBaHus u300pakeHHst (2) cCHOpaBeUIMB W JUIS  CHUCTEMBI

“anpockonuueckuii anmapat —[I1OBM”.
EcrecTBeHHBIN MOAX0 K (UIBTPAlMM LBETHOTO M300pakKEHHs 3aKIIOYacTcsi B 00pabOTKE COCTaBIISIONINX

S:(,j), S, j), Sp(i,j) ornenpro. B peanbHbix Ciydasx COCTABISIOMIME LBETHOTO M300PAXCHUsS OOBIMHO

KOppeNupoBaHbl. 1 ecim kakaasi cocTaBisromas 00padaTeiBacTCsl HE3aBHCUMO, TO 3Ta KOPPENISALUSI HE UCTIONB3YETCS.
Takum 06pazom, pazienbHast 00pad0TKa KOMITIOHEHT I[BETHOTO N300paXeHHS MPUBOIUT K HCKKESHHUSM.

Jns  ycTpaHeHUS TIOMEX HWMIYJIbCHOTO THIIA B 00paboOTKe H300pakeHU 3PGPEKTUBHO MPUMEHSIETCS
MenuanHas GuiabTpanus. J[s 1BETHBIX W300pakeHHUH CYIIECTBYET MpOLEAypa ONpeeieHHs BEKTOPHOH MeluaHsl,
MO3BOJISTIOIIAS YYUTHIBATh B3AUMHYIO KOPPEISILIUIO COCTABILSIFOIIMX N300pasKeHHMSsI.

[MpocTe#iinM METOIOM YCTpaHEHHs AaJIMTHBHOIO IIyMa SIBISIETCS apu(pMETHYECKOe YCPEAHEHHe, NpU
KOTOPOM OCYIIECTBISICTCS 3aMCHA 3HAYCHUS KaXKIOTO 3JIEMEHTa W300paKCHUS CPEIHUM 3HAUCHHEM, HaHJICHHBIM I10
€ro OKpECTHOCTH.
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Jns mpuHATOW MOaenu (GOpPMUPOBAaHUS HM300paXkeHWsI (2) MOXKHO HCIIOJIb30BaTh ajirOPUTM aJalTHBHOMN
rubpuaHO# prmbTpanuu [3], KOTOPHIH, YIUTHIBAsI B3AUMHYIO KOPPEISAIHIO COCTABIISIONINX IBETHOTO M300paKeHUS 1
UCTIONB3Ysl KOMOUHAIMIO BEKTOPHOI MeIMaHHOI mpoueaypbl U MeToa apu()METHUECKOTO YCPEIHEHHs, MO3BOJISET
3G PEKTUBHO YCTPAHSTh AITUTUBHBIA 1 UMITYJIbCHBIH [IyMBI.

BripakeHne aganTuBHOTO THOPUIHOTO (DUIIBTPA UMEET BUJ

Y =arg min (1 —a),B”E(i,j) - S, (u,v)”z + aﬁ“g(i,j) —g(u,v)”z +

S@, How

+(1= BN = Su )., ©

rae W — okpecTHOCTb deMeHTa H300paKeHus;

0<a <1, 0< B <1 — secosie KOd)DUIHEHTHI, AJANTHBHO MEHSIONME CBOM 3HAYCHHS B COOTBETCTBHH C
aKTMBHOCTBIO TOJIE3HOTO M ITyMOBOTO CHTHAJIOB B OKPECTHOCTH 3JIEMEHTa H300paKeHNS;

(1,Vv) —1eHTp OKPECTHOCTH dIEMEHTa U300pakKEHHUS;

S(i, j) —snement n306paskenus, NPUHALIEKAIMNA OKPECTHOCTH;

S(u,Vv) — ueHTpabHbIi S1EMEHT OKPECTHOCTH;

S4(u,v) — BekTop cpemHell APKOCTH, OMNpENEISEMBbI MO BJIEMEHTAM HM300paKeHUs, NPUHAIEKAIIUM
OKpPECTHOCTH;

Sw(u,v) — BekTOp MenMaHHOH SPKOCTH, ONpENENSEMbIH MO >JIEMEHTAM H300paKEHHUs, NPUHAIEKAIIUM
OKpPECTHOCTH;

, —HOpMa B IPOCTPAHCTBE L,.

HemoctatkoM maHHOTO anroputMa SBISAETCS OTCYTCTBHE METOAAa OMNpEICNCHHS IHCIEPCHH ITyMOBOTO
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JUis cimydas HEKOppeNIUpOBaHHOTO LIyMa BOCIIOJIb3yeMCs METOAMKOH, omucaHHOU B [4]. KoBapuanuonsas
(yHKIHS IIyMa B IIBETOBOM IIOCKOCTH M300pa)KEHHs MOXKET OBITH 3alMcaHa B BUJIE

Cul(r,s) = 012\/k [(D(r,s), (4)
rne k = R,G,B;

O(r,S) — MMCKPETHBII aHATIOT Je/bTa-(DyHKIIHHM;

rZ0 ww s#0
o(r,s) =0 :
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[Ipennonaras, 9T0 HW300pa’keHHE W IIyM CTATUCTHYCCKH HE3aBUCHMBI, IS KOBAapHAIIMOHHBIX (DYHKIHI
MOJKHO 3aIiCaTh

Co(r,8) = Cgy (r,5) +C,, (7,5) . (5)

31ech HMHACKCHI S', S, N  0603Ha4alOT COOTBETCTBEHHO HabOo1aeMoe H3o6pa>1<eHHe, HUCXOJHOC

H300paKeHUe, IIyM.
CoruacHo (4 — 5) koBapHanoHHas QyHKIMS HAOII01aeMOro H300pasKeHUS

— 2
Cy,(r,5) = Cy (r,5) + 0y, [O(7,5)
OTJIMYACTCS OT KOBAPHALMOHHOMN (yHKLmK HexoaHoro usodpaxerns Cg, (7,8) Tonbko B HauaNe KOOPAMHAT, T.€.
2 o —
Oy = C5,(0,0) - C, (0,0), (6)
U JUIs BCeX OCTalbHbIX 3HaueHuil 7,8 Z 0 cilyskut oleHKol KOBapMalMOHHOM QYHKIMK HCXOIHOTO U300paXkeH s
Coi(r,8) = Cy (7,5).
BoCHONb30BABIINCH OLUEHKOH KOBAapHALMOHHOKW (yHKIMH wucxoaHoro wuszobpaxenns C Sk (r,s) npu

snadenusx 7,8 Z 0 mng unrepnonsuuu ee B Touke 7 = § = (), MOKHO BBIYMCIIUTH U3 (6) OLEHKY AUCTIEPCHH TyMa
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B AoKJaAe  MOpEACTaBJICHbI  PE3yJIbTAaTbl 06pa6OTKI/I pCalibHBIX  SHAOCKOIMUYECCKUX 1/1306pa>i<eH1/1ﬁ
IPEAJIOKCHHBIM aJITOPUTMOM.
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ADAPTIVE FILTERING OF COLOR ENDOSCOPIC IMAGES
Karasyov O.E., Volodin D.E.

In real cases images are corrupted by random noises. Usually noise is evaluated as additive random process
which hasn’t correlation with image. In practice, image sources produce Gaussian hoise. Transmission channels of
analog information add Gaussian noise too. Thus model for an image corrupted by additive noiseis

S'(6,7) =80, )+ NG, ), (1)
wherei =1, K ;
j=1L;
K and L arehorizontal and vertical dimensions of image;

— Sall-)) is noise-free color image;
S, /) = IS4G, J) 208

S5, /)
S:(,j), S;(i,j), Sz(i,j) are color image components, which are intensity values in red, green and blue
color planes of the RGB space;

NR(lrj)
o - . .| is additive noise — multivariate Gaussian noise with independent components, zero mean and
N(laj) - NG(laj)
NB(laj)
. —2
variance O v ;
T
_ S|
On = |0y
T2
o If,R , va , 0 1%,3 are variances of additive noise in red, green and blue color planes of the RGB space.

Really image often is corrupted by impulse noise. Finally, we shall use the following model for an image
corrupted by the mixed noise
- _
_ (i, )+ N(@,j) with probability 1-p
S'(i, j) = %5 h @)
BV (i,J) with probability p,

where N] (i, j) is multivariate impulse noise, which has larger or smaller amplitude than the neighboring pixels at
least in one of the color planes.

We use this model (2) and adaptive hybrid filtering algorithm for color endoscopic images. This algorithm is
combination of the vector median filter and the mean filter.

The output of the adaptive hybrid filter is

Y =arg m_inW(l —a)ﬁ”g(i,j) - §A(U,V)”z +aﬁ“§(i,j) —E(u,v)“z +

S, )0
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where W isimage element neighborhood;
0<sac<l1, 0< B <1 aeweight coefficients which control the output of the filter and are varied adaptively

according to activity of the signal and noise in the neighborhood;
(u,Vv) isthe center of the neighborhood;

E(i, J) isimage element in the neighborhood;
E(u, v) isthe central element of the neighborhood;
S 4(u,v) ismean intensity vector which is calculated from the elements in the neighborhood;

S w (u,v) ismedian intensity vector which is calculated from the elements in the neighborhood;

, is L, norm.
—2
Disadvantage of this algorithm is absence of the evaluation method for the noise variances O, O ]2VR , 0 ]ZVG ,

2

Oy
In case of the non-correlated noise we use following approach.
Covariance function of noisein color planeis calculated as
— 2
Cy(r,5) =0y [O(r,s), (4)
where k = R, G, B;

O(r,s) is A —function;

r#0 wm s#0
o(r,s) = :
% r=s=0
We assume that the image and noise are statistically independent. So for covariance functions we can write
Cs,(r,5) =Cq (r,5)+Cy (r,5) . (5)

Theindices S', S, N are corrupted image, noise-free image and noise.
According to (4 — 5) covariance function of the corrupted imageis

Cyy(7,5) = Cy (r,8) + 0, [B(r,5)

and is distinguished from covariance function of the noise-freeimage Cy, (7,s) in zero point, i.e.
2

Oy = C5,(0,0) = C, (0,0), (6)

and for al values r,s #0 is evaluation of covariance function of the noise-free image
Csy(r,8) = Cg (7,5) .

Using evaluation of covariance function of the noise-free image Cy, (7,s) in points r,s # 0 for its
interpolation in point » = s = 0, we may calculate noise variances O f,k according to (6).

In report we show results of real endoscopic images processing by proposed algorithm.




