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V crarti HaBeneHi criocobu peamizanii (GinpTpanii 300pakeHs, ONTHMI30BaHi 3a MBUAKICTIO BHKOHAHHS.
Po3pobiieHo MeToaMKy peaiizaiii ajaropuTMy IIBHAKOTI OOpOOKM 3Ha4yeHb ITKCENiB 300paXKCHH:.
[IpoBeneHO MOCHTIIKECHHS S(PEKTHBHOCTI MPUCKOPEHOTO CIOCO0y OOpOOKH sl €KCIEPHUMEHTAIBLHOIO
HA0OPY BXITHUX JaHUX.
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B craree mpuBeneHbl CnocoObl peanuzanuu (QUIBTPALMK H300paKeHUH, ONTUMU3UPOBAHHEBIC 10
CKOPOCTH HCIIONb30BaHUS. PaspaGoTana Meroiuka peanu3allid ajaropurMa ObBICTpoil 00paboTkH
3HaueHMH TmmKceneil n3obpaxenus. [Iposeneno nccnenoBanue 3PpHEeKTHBHOCTH YCKOPEHHOTO criocoda
00a00TKH JUIs 3KCIIEPUMEHTAIBHOTO HA00pa BXOHBIX TaHHBIX.
Kniowosi  cnosa:  onmumuszayus, — usobpadcenue,  purompayus, 00bEKMHO-0PUEHMUPOBAHHOE
npospammuposanue.
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The paper presents ways of implementation filtering of images that are optimized for speed of
execution. The method of the algorithm fast processing of pixel values of the image is developed. A
study of the effectiveness of accelerated processing method for the experimental set of input data.

Filters for enhance picture quality is among the most common methods of processing images in
computer graphics. Improving possible by reducing the noise in the image, increasing contrast or color
images, image edge detection and so on.

Nowadays, the number of images from different digital media is very large, and their quality can not
always satisfy. Conventional methods of improving the image quality can sometimes be a little behind.
For example, when a lot of images or volume images are very large, so their treatment can be spent
quite some time. In this situation it is necessary to improve conventional filters, making them faster.
Sometimes speed can pay for quality, though not very much.

Acceleration of procedures performed by filtering unsafe method that exists in the programming
language C#. Usually, working with an image, we need to read the value of pixels for further
processing. To read and write pixel values using methods familiar with C# getPixel / setPixel, but these
methods do not include a special rate by using these methods for each new method challenged released
new buffer memory for recording pixel value. Therefore unsafe to use the method in the case of image
processing to be rational. Its essence lies in the fact that all the images placed in the buffer where we
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have an opportunity to do with the values of pixels using pointers. This method is faster because they do
not need to create new variables at each pixel to appeal and no need to allocate new volumes of
memory, since the image is always in buffer.
Developed subsystem which filters (removing noise from images, image edge detection filter to enhance
image color range) united and could be used to image one by one using a method of optimizing and
without it, thus making it possible to check in which cases the program handles image faster and slower.
Comparing filters implemented using optimization unsafe and no optimization has been proven that this
method really speeds up filters (filter used to size a floating window size 3x3).
For implementation used development environment C# 2010.

Key words: optimization, image filtering, object-oriented programming.

BCTYII

3a3Buyail 300pakeHHs, cHOpMOBaHi pi3HUMHU 1HGOPMAIIHHUMH CUCTEMaMH, CIIOTBOPIOIOTHCS ITiJT
BIUTMBOM MEpemIKo/ (IIyMiB), 10 Y CBOIO Yepry YCKIATHIOE SIK iX Bi3yaJbHHH aHaNi3 JIIOJUHOIO-
omepaTopoM, Tak i1 aBToMatnuHy o0pooky B EOM. Tak, mpu po3B’si3aHHI ACSIKHUX 3a/1a4 0OpoOKH
300pakeHb B pOJII MEpPEemKo] (UIyMy) MOXYTh BUCTYMAaTH Ti YW iHIII KOMIIOHEHTH CamOro
300pakeHHs. Hampukian, mpu aHamizi KOCMIYHOTO 3HIMKY 3€MHOI MOBEpXHI MOXE BUHUKHYTH
3a/laya BU3HAYEHHS MEX MK 11 OKpEMUMH IUISTHKAMHU — JIICOM 1 TOJIEM, BOJAOIO 1 CYIIEIO TOIIO.
OTxe, 3 TOUKM 30pY L€l mpoOieMu, oKpeMi AeTani 300paXeHHs B CepeIuHI IEBHUX Mio0macTei €
MEPEIIKOAO0 (IIIyMOM).

Sx Bimomo [1-4], ocmabnennst aii mepemkon (IIymy) aocsiraeTbes GiabTpalliero, 3aBASKU SKii
SICKpPaBICTh (CUTHA) KOXKHOI TOYKH BHXIJHOTO 300pa)KEHHS, CHIOTBOPEHOTO IIYMOM, 3aMiHIOETHCS
JNESIKUM 1HIIMM 3HAQYCHHSAM SICKPABOCTI, SKE BHU3HAYA€ThCS B HAWMEHIIH Mipi piBHEM
3amrymsieHocti. [Ipy oMy wacto 300pakeHHS — 1€ JBOBHMIpHAa (YHKIIS HPOCTOPOBHX
KOOP/IMHAT, SIKa 3MIHIOETHCS 3a MMM KOOPIUHATAMH MOBUIbHIIIE (1HOMI 3HAYHO TOBLUIBHIIIE), HIX
IIyM, SIKUH TakoX € JABOBUMIpHOi (yHKIi€r0. Lle m03Boisie Mpu OIHIII KOPUCHOTO CHUTHATY B
KOXHIN TOYIl 300pakeHHs B3STH /0 yBard JAESKY KUIBKICTh CYCIJHIX TOYOK, CKOPHCTaBIIUCH
MEBHOIO CXOXICTIO CUTHANy B LIUX TOYKax. B IHIIMX BUMaJKaX, HABMAaKH, O3HAKOK KOPHCHOTO
CUTHaJy € pi3ki mepenaau sickpaBocTi. OfHaK, K MPaBUJIO, YaCTOTa IUX MEpenajiB € BiIHOCHO
HEBEJIMKOI0, TaK M0 HAa 3HAYHUX MPOMIKKAX MIX HUMHU CUTHAI € a00 MOCTIMHUM, ad0 TaKuM, IO
MOBUTHHO 3MIHIOETHCS. B IIbOMY BUTIQAKY BIIACTUBOCTI CHUTHATY MPOSBISIOTHCS MPU CIIOCTEPEKESHHI
HOro He TUIbKM B JIOKAJIBbHIN TOYIl, ajne ¥ mpu aHami3i ii okonwuii. [Ipu mpomy moTpiOHHM €
3ayBaXWTH, MIO TOHSITTSA OKOJNHWII € JOCHTh YMOBHMM. BoHa Moke OyTH yTBOpeHa JIHIIe
HaHONMKYMMHU CYCiIaMH, a TAKOXK MOXKE€ MICTUTH JIOCUTH BiJIaJieHl TOYKU 300pakKeHHs. 3BUUAiHO,
B OCTaHHbOMY BHUMAaJIKy OyJie aDCOJIFOTHO Pi3HOIO CTYIIHb BIUIMBY BiJAJIEHHUX 1 OJIM3bKUX TOUYOK Ha
OPUAHATTS pilleHHs QUIBTPOM y JaHii TOUIl 300pakeHHS.

JUis 3MEHbIIEHHS IIyMy Ha 300pa)KeHHI JOCHUTh 4acTO BUKOPUCTOBYEThCS Tak 3BaHa MeziaHHa
¢inbTpanis, 3anpornonoBana J[k. Teroku B 1971 pomi ans aHanizy eKOHOMIYHUX TPOIIECIB, sIKA €
OHUM 3 HaANOIBII MOIIMPEHUX METOMIB (alropuTMiB) 00poOkH 300paxeHb. CyTHICTH LHOTO
METOAY Mojisirae B HacTymHoMy. OJHOBUMIpHUM MediaHHUN (UIBTP BUKOPHUCTOBYE BIKHO, SKe
OXOIUTIOE HENapHe YHCIO eJIeMEeHTIB 300paxeHHs. [lami, y 3a3HadyeHOMY BIKHI LIEHTpaJbHUMN
€JIEMEHT 3aMIHIOETHCS MEIaHOI0 YCiX eNeMeHTIB 300paxeHHsd. [Ipu mpomy uis HemapHOTro
BHIAJIKy MEJIIaHOI JHUCKPETHOI MOCTIJOBHOCTI OOMPAETHCS TOW ii €MeMEeHT, JUIsl SIKOTO ICHYIOTH
€JIEMEHTH, SIKI € MEHIIMMU abo piBHUMHU (OUTbIIMMH a00 pIBHMMH) HOMYy 3a BenudyuHOI0. Kpim
TOTO, TOTPIOHUM € TOTPUMAHHS PABUIL:

— Meztiana 106yTKy cranoi K imocninosrocti f () mopisrroe
med {Kf (j)}=Kmed {f (j)};

— Memiana cymu cranoi K i mocmigosHocTti f (j) JIOPIBHIOE
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med {K + ()} =K-+med {f(j)};
— MeJiaHa CyMH JIBOX JOBUIBHHX IOCHioBHOCTEH f (j) 10 ( j) HE JOPIBHIOE CyMI iX MejiaH

med { f (j)+g(J)}=med{f(j)}+med{g(j)}.

OpnHak, npu BCili NpUBaOIMBOCTI 3a3HAYEHOTO METOAY MOTPIOHO 3ayBaKUTH, L0 MOKJIHMBOCTI
aHai3y nii MeIiaHHOTO OJHOBUMIPHOTO (iIbTpa € JOCUTh 0OMEKeHHUMHU. KOHIIEMIIiI0 MeIiaHHOTO
(biTbTpa MOXKIIMBO y3arajJbHUTH Ha JIBa BUMIPH, 3aCTOCOBYIOYH JBOBUMIPHE BIKHO OaxkaHOi (hopMH,
HaNpUKIIaa, OpSIMOKyTHe a0o OJHM3bKe 1O KPYroBoro. Y pe3yiabTaTi JBOBHUMIpHUM MeTiaHHHUN
¢bimeTp 3 BikHOM po3Mipy Lx L 3a0e3nmeunth e(eKTHUBHINIE 3MEHIICHHS IIIyMYy IOPIBHSIHO 3
MOCTIZIOBHO 3aCTOCOBAaHMM TOPU3OHTAJIBHUM a00 BEPTHKAIBHUM OJHOBHMIPHUM MeIiaHHUM
¢binpTpoM 3 BikHOM po3Mipy L x1; nBoBumMipHa 00poOKa, mpoTe, MOXKE MPU3BECTH JI0 ICTOTHILIOTO
noca0JIeHHs] CUTHAITY.

VY wmiii crarTi HaBeAeHO crmoci0 peamizamii MemiaHHOTO (UIBTpa, SKUH JO3BOJSE ONTUMI3yBaTH
poboty ¢inbTpa 3a MBHUAKICTIO BUKOHaHHSA. KpiM Toro, y poOOTI HpPOBOAUTHCA MOPIBHSIHHS
ICHYIOUHX METOJAMK 13 3alIPOIMIOHOBAHUM ITiIXOIOM.

3BUYAMHA PEAJIIBALIS ®LIBTPA

Icuyroui KomepIIiiiHi cucTeMu 00poOKHU 300paskeHHs HE Jat0Th MOXKIUBOCTI 3pOOUTH MOPIBHSUIBHY
XapaKTePUCTUKY POOOTH (IIbTPIB, OCKUIBKU OLIBIICTh BUKOPHCTOBYIOTH 0araTOIMOTOYHICTH 1
poOuyATh (inmbTpalifo Ha TONEPePKEHHS Ie IMiJ Yac [JiaJiory 3 KOPHCTyBayeM, IOKa3yHuu
YacTKOBHM pe3ynbTrar poOoT. J[[ns BupimieHHs wie€i npobiemMu peani3zyeMoO OJHONOTOYHUMN
MemiaHHui QiTBTP.

[Ticna o3HaifomyieHHs 3 MeTogamu (imbTparii 300pa)xeHb, CTa€ 3pO3YyMUIMM, IO MIKCEMl CIiJ
00poOIATH 371iBa HarpaBo 1 3Bepxy BHU3. [Ipu 1boMy AJs1 KOXKHOTO BIATYKY (inbTpa MOTPiOHO
3YUTYBATH, YW TOTPANIIN BOHM B JOAATKOBUH MAacWB JUIi TUMYACOBOTO 30epiraHHs 3HA4YEHb
MiKCeNiB, MOTIM MIPOBOJANUTH MaHIMyJNALIi 3 MM HAOOPOM MIKCEIIiB Ta MOBEPTATH BITYK QiIbTpa y
cepenHill eneMeHT MacuBy. Bce 1me peami3yeThCsi 3a JOMOMOTOI LUK, BHKOPHCTOBYIOUH
MOKKYUK HA EHTPATBHUH MIKCEIb 1 MOKAKINK Ha MIKCEIb-Pe3ybTaT.

[pencraBiMo Ha OJIOK-CXeMi, SIK Tpaitoe GinbTp BUmaieHHs mymy (puc. 1).

Cytp uporo ¢gurpTpa [7] monsirac B TOMY, IIO 3a JOMOMOTOI0 PYXOMOTO BiKHA 3I1MCHIOETHCS
MIPOXOJKEHHSI 10 KOYKHOMY MIKCEII0 300pa)K€HHsI, COPTYBaHHS 3HAUEHHS IIKCEJIB pyXOMOI'O BIKHA
Ta 3aMiHa 3HaYEHHs [MOTOYHOTO IMIKCEJsl Ha 3HAYEHHs CEepEeIHbOTO MIKCENs BiICOPTOBAHOTO MAaCHUBY,
110, TAKUM YHHOM, JI03BOJI€ TO30YTHCS HAa 300pakK€HH1 pi3KUX CTPUOKIB 3HAUEHD ITIKCEJIs.

INIABUINEHHA ECEKTUBHOCTI ®IJIBTPA

[e#t po3aia cTaTTi IPUCBSIUEHUH BUCBITICHHIO OCHOBHUX TMOJIOXKEHb METOJIMKH ONTHMI3allii poooTn
MeJlaHHOTO (PUTBTpa 3a MOKA3HUKOM IIBUIKOCTI 00OpOOKH 300pakeHHSI.

[TpuckoproBatu poboTy mpoueaypu QinpTpaiii Oyaemo 3a paxyHok unsafe merony, sikuii icHye B
MoBi iporpamyBanHs C# [5, 6, 8]. 3a3Buuail, mpaltorouu 3 300pa’keHHsIM, HaM MOTPIOHO 3YUTYBaTH
3HAUEHHS MIKCeNiB 300paykeHHs JUIsl Mojaibiuoi ix oOpoOku. [t 3unTyBaHHSA Ta 3alUCYBAaHHS
3Ha4YeHb MIKCENiB 3BHYHO BHKOpHCTOBYBaTH Metomau C# getPixel/setPixel, ame mi meronu He
BUPI3HSIOTHCSI 0COOIMBOIO HIBUAKICTIO, 32 IOIIOMOTOK0 IIUX METOMIB Uil KOKHOTO HOBOT'O BUKJIUKY
METOAY BUAUISETbCS HOBHH Oydep mnam’aTi Ui 3amucy 3HAYEHHS MiKcenmo. Tomy
BUKOPHUCTOBYBaTH MeToJ unsafe y BuUmaaky 3 oOpoOkoro 300paxkeHb Oyae OUIbII paliOHAIbHHUM.
CyTHICTh 3a3HaYE€HOTO METOAY TOJISITa€ B TOMY, IIIO BCE 300pakeHHsST po3MiIyeThes B Oydepi, e
icHye 3Mora OecrocepeIHbO BUKOPUCTOBYBATH 3HAYEHHS MIKCEINiB, 3aCTOCOBYIOUHM BKa3iBHUKH. Llei
METO/I TPAITIO€ MIBUIIE, OCKUTHPKYA HE MOTPIOHO CTBOPIOBATH HOBI 3MiHHI MPHU KOKXHOMY 3BEpTaHHI
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710 3HAYEHb IMIKCENIB, a TAKOXK HE MOTPIOHO BUIUIATH HOBI OOCATH MaM’ATi, OCKUIBKH 300pakeHHs

MOCTIHHO 3HAXOAUTHCS B Oydepl mam’sTi.

v

getNoise( tempPicture);

int x = @; x < _tempPicture.Width; ++x

inty

0; y < _tempPicture.Height; ++y

A

_tempMass = writelInMass(x, y, _tempPicture);

|

_tempValue = sort(_tempMass)[4];

A 4

_tempPicture.SetPixel(i, j, _tempValue);

_______

CepenHiil e1eMEHT MacUBy

MacCHuB

Puc. 1. briok-cxema peanizaii (GinbTpa BUOAICHAS IIYMY

3anucyemMo 3Ha4eHHS Yy

3a nonomoror merony LockBits nepenocumo 300paxkeHHst B Oydep 1 A03BOISIEMO MPOBOJUTH 3
300paXEHHSAM TI€BHI MaHINyJsAMii, a came 34YMTyBaTH Ta 3MIHIOBAaTH 3HA4YEHHS IIIKCEINiB,
OTPUMYBATH JOBXHHY Ta HIMPHHY 300paKeHHSI.

C# niarpumye metonr LockBits, sikuii 103BoJIsi€ YIIPABISTH MacHBOM TOYOK pacCTPOBOIO PUCYHKY B
HeKepoBaHOMY Oydepi maM’sTl Ta 3aMIHIOBaTH TOYKM Ha PUCYHKOBI TOUKamHu 3 Oydepy.

[IpoBenemo aHami3 3aCTOCOBYBAHMX MIAXOAIB 10 OOpOOKM 300pakeHHS. Y MepHIoMy BUMAJIKy MU
MPaLIOBAIM 3 300pakeHHAM 3a Joromororo komasj getPixel/setPixel, a B npyromy Bumaaky — 3a
nornomororo komanu LockBits nepenecnu 300paxkeHHs 10 Oydepa Ta mpaioBain 31 3HaYEHHIMU
OecriocepeIHbO, 1110 BUSBUIIOCS 3HAUHO HIBHIINM.

Pesynprat pobOTH peanizoBaHMX MeZiaHHUX (iIbTpiB 3BeAeHI B Tabmuiio 1. Jlns peamizarii
BHKOPHUCTOBYBAJIOCS cepenoBuiie po3pooku C# 2010.

Tabmuus 1 — Yac poboTH B CeKyHAaxX MPH 3aCTOCYBAaHHI 3BUYAfHOIO METO/Y Ta MeToay unsafe

Yac pobotu 6e3

Yac pobortwu,

OinbTp BUKOpHCTaHHS unsafe METOLy BHUKOPHCTOBYIOUHM unsafe
METOA
[TokpatieHHsI KOHTPACTy 1.457 0.411
Bunanennsa mymy 2.231 0.673
ITigBuIIEHHS YITKOCTI 0.77 0.217
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[TopiBHiotoun HaBeneHi B Taba. 1 pe3ynbraTi, 6a4nmo, 1o Metoau (impTpallii 300pakeHb MOXKYThb
OyTH ONTHMI30BaHI 3a MBUAKICTIO OUTHII HIX Y 3 pa3u (17 GiabTPiB BUKOPUCTOBYBAJIOCH PyXOME
BIKHO po3mipom 3%3).

BUCHOBKHA

Orxe, B poOOTI 3ampoONOHOBAHMKA CHoOCiO pearizarii MemiaHHOro (GiIbTpa, SKUH J03BOJISIE
ONTUMI3yBaTH PoOOTY (PiIbTPa 3a MIBUIKICTIO BUKOHAHHS 00poOKH 300paxkeHHs. [y 3a3HaueHOro
MiAXOy MPOBEICHO aHAli3 3 ICHYIOUYHM ITJIXO0J0M, y Pe3yJbTaTi SSIKOTO OTPUMAHO BHUCHOBOK, IIIO
METOAM ONTUMI30BaHOI (iIbTpaIii i3 PyXOMHM BIKHOM pO3MipoM 3%3 300pakeHb MOXYTb
00polOusiT 300paskeHHs BUALIE, HIXK Yy 3 pasu. el migxin Moxke OyTH y3aralbHeHUN Ha BUIATOK
3acToCcyBaHHs (iabTpa 3 BIKHOM po3Mipom L x L.
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