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JTOCIIIKEHHA KOJIbOPOBUX IU®POBUX ®OTOIPA®IN METOJAMU
RS-CTEI'OAHAJII3Y TA CTATUCTUKHU

Anomauin. Ilpo pesyromamu OOCHIONCEHHS CMAMUCMUYHUX BIACMUBOCMEN  KOIbOPOBUX
300padicensb 3a memooom RSemezoananizy.

Annomavusn. O pe3yiomamax uccied08anus CMamucmuyecKux C60UCmE YBemHbIX U300PaAdiCeHUll no
memoody RSemezoananusa.

Summery.On the results of researches of statistical prigxeof color images according to the method
RS-stegoanalysis..

Knrouosi cnosa:. xonvoposi 300padcenns, yughposi 300padicenns, RSemezoananiz, oyinka oucnepcii
Wymy, Memoo KO83HO20 iKHA, CMAMUCMUKA, CEPEOHbOKEAOPAMUYHE BIOXUTIEHHSL OYIHKU ULYMY.

JIoCTiDKEHHS CTATUCTHYHUX XapaKTEPUCTUK MUPPOBUX 300paKeHb € OCHOBOIO JIJISl PO3POOKH
HOBUX MeTOMIB (umbTparlii IIymiB, TMOKpAIICHHS METOJIB JBOMIPHOI IHTEPIIONAIlI, CHHTE3Y
TPUMIPHUX MOJIENIed BIPTyalbHOI peasbHOCTI Tommo. Bimomo, mo Oarato meromiB 1mdpoBoi
00poOKH 300paskeHb OYIIO 3aMO3UYEHE 3 ONTHKH, KIOEPHETHUKH, CTICIIAIbHUX PO3/UTIB MAaTEMaTHKH,
PaiioeIeKTPOHIKY 1 BAKOPUCTOBYIOTH OCOOJTMBOCTI CIIPUMHSATTS Bi3yaJIbHUX 00pa3iB JIFOJUHOIO.

Ananiz ocmauHix 00CniONHCeHb ma UOLIEHHS He SUPIUEHUX paHiule 4acmuH npooiemu.
CyyacHi TpUKIagHI JOCTIHKEHHS XapaKTePUCTHUK 300paXeHb Ta CUTHANIB TPYHTYIOThCS Ha
BUKOPHMCTAaHHI MPOrPaMHUX KOMIUIEKCIB KoM FoTepHOi Matemaruku tuiry MATLAB, MathCAD,
Mathematicara iH., sKi MICTATh HIMPOKHI HaOIp mporpam IUQPPOBOro aHamizy i 00poOKH
CUTHAJIIB Ta JIONMYCKAIOTh CTBOPCHHS HOBUX [1] mUIIXOM HamucaHHs (YHKIH KOPHCTYBaueM y
IMX KOMIUIEKCaXx abo0 Ha BIJOMHUX MOBax mporpamyBaHHs. [Ipu OIliHIOBaHHI MapameTpiB
OTPUMAaHUX NaHWX 3aBXKIM BUHHUKAE TpoOJieMa pPO3PI3HEHHS HIYMIB MPUPOIHOTO, TEXHIYHOTO
MOXO/DKEHHS Ta apTedakTiB peecTpariii BiJl KOPUCHOI IS JAHOTO MOCTIKEHHS iH(OpMaIIii.
[Tomryk ™meTomiB po3B’si3aHHS Mi€l MPOOJEMH TPH3BIB A0 CTBOPEHHS KIACHYHUX METO/IIB
CTaTHCTHYHOTO OI[IHIOBAHHS TapaMEeTPiB EKCIIEPUMEHTAILHUX PE3YJbTaTIB, CIEKTPAIHLHOTO Ta
BeWBIIET-aHATI3Y, BEIMKOrO HA0Opy MeTOIB (PUTHTpAIllii TOIIIO.

Bureszaznaueni MeToau IPYHTYIOThCA Ha POOOTI 3 MificHUMH ab0 IUIMMH YUCIIAMH, a
3HAUEHHs, 10 3HAXOISTHCS HAa MEXKI PO3PSIHOCTI TMPOIEcopa, TPAKTYIOTHCS SIK MOXIIUBA
apudmetruHa moxuodka. RSereroananis [2, 3], HaBmaku, JOCTIIKY€E 3aKOHOMIPHOCTI 1 3B’ I3KH
JUISL HAWMEHII 3HAYUMHX OIT JaHUX 3 CyCimHIMH OiTaMu Ta TUMH OiTaMu, SIKi 3HAXOISThCS HA
piBeHp BHIle. Marematnunuii anapatr RS<reroanamizy BKiIIOYae He TUTBKMA CTaTHUCTHYHI, a
KOMOIHATOpHI METOJW JOCHIDKeHHS JaHWX, 10 OOYMOBHJIO WMOTO YHIKaIbHY 37aTHICTH 0
pO3Mi3HaBaHHS 1 OIIHKK BEJUYMH IITYYHUX 3MIH Y 300paXKCHHSIX, HE JOCTYIMHUX TPATUIIHHIM
CTaTUCTUYHUM MeETOAaM. TOMy JOCHIDKEHHSI MOXKIIMBOCTEN RS-<eTeroanamizy, a Takox po3riisi
KOHIIEMIIIM TMOXITHUX BIJ] HBOTO AQITOPUTMIB JUIsI CYMDKHHMX 3 cTera”orpadiero oOmactei
1uppoBOi OOPOOKH CHUTHANIB, CTATHCTUYHOTO OIIHIOBAHHS TMapaMETpiB EKCIIePUMEHTATbHUX
JAHUX € aKTyaJbHOI IPOOJIEMOI0. 3a3HauMMO, 10 A0 3allPONOHOBAHOI POOOTH IS TEMA IIIe HE
OyJ1a mpeIMETOM JIOCTiKEHb.
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Memorw cmammi €:

- TOCJTI/DKEHHS MacHBIB 300pakeHb 3a onomMoroo RS<reroananisy;,

- TIOpPIBHSHHS OTPUMAHHMX PE3yJbTAaTiB 3 JAHUMHU CTATUCTHYHHX IOCIIIPKEHb MAacCHBiB
300pa)keHb 32 BIJIOMUMHU METOJIAMHU,

- BU3HAUEHHS TEPCIEKTUBY 3al03MYEHHST METOAUMKKM RS<Teroanamily s miABUIICHHS
SIKOCT1 aHami3y 1udpoBux dororpadiii;

- OTHMC METOJUKH MEPEBIPKHA MPHUAATHOCTI IBOTO METOY BHUSIBICHHS IPUXOBAHUX JTAHUX
IUTSE CTBOPEHHSI HOBUX METO/IIB (PiIbTpartii 300pakeHb MicIIsl BiAMOBITHUX MOTUDIKAITiH.

Ilocmanoska 3a0aui. Y poOOTI pO3IISHYTO BUKOPUCTaHHS RS-cteroananisy st AOCIIKEHb
MacHBIB 300paX€Hb, iX peakKIii Ha 3aCTOCYBaHHA CYYaCHHMX CKJIAJHHX ITU(PPOBUX (DLIbTPIB,
BU3HAUCHHSI YYTJIMBOCTI CTATUCTUYHUX XaPAKTEPUCTUK 300pPKEHb [0 MAIUX CTOXACTHYHHX
30ypeHb, BUKIMKAHUX JOJABaHHIM JaHUX (CTeroOit) y HaiiMmeHrn 3Hadummi Oitm (mami — H3B)
300pakeHb. JlocTiKeHHsT BIACTUBOCTEH KOJIBLOPOBUX 300paKeHb 3a METOA0M RS<reroanamizy
OyJI0 BHKOHAHO Ha JIEKUTLKOX BEJIMKUX BHOIpKaxX 300paKeHb PI3HOTO KJIacy, IO MiATBEPIKYE
CTaTHCTHYHY JOCTOBIPHICTh HaBEJACHWX NMaHWX. [lomameIn MOCTIPKEHHS Yy BKa3aHOMY HampsiMi
MOKYTb OYTH BUKOPHUCTaHI1 JijIsl TOOYI0OBU HOBUX METO/IIB KOMIT FOTEPHOT 0OPOOKH 300paskeHb.

Komnnexc amanizy 3o06pasxcenv. JIna ROCHITKEHHS MacUBIB 300pa)k€Hb PI3HUMH
MeTogamMu OyB PO3pOOJICHMH YHIBEpCATbHHI KOMIUIEKC aHali3y 300pakeHb 3 MOAYIHHOIO
apXITEKTYpPOIO, KU T03BOJIIE JOJaBAaTH HOBI (popMaTh 300paKeHb Ta AITOPUTMIB IX aHaNi3y,
a TakoX BHKOHYBaTH OOpoOKy 0e3 3MiHM camoro Komruiekcy. OTpuMaHa CTaTHCTHKA
30epiraeTbcss B 0asi TaHWX, CTPYKTypa SKOi M03BOJISIE 30epirath Ta OOpOOISATH CTAaTHCTHKY
HOBHX MOJYJIIB aHAMI3y JaHUX. TakoXK KOMIUIEKC Ma€ JOCUTh IIUPOKI MOKIMBOCTI BUOIPKH Ta
aHaJTi3y HAKOMMYCHHUX JaHuX. [[uM BiH BIAPI3HIETHCS BiJl HASBHUX PIIICHb, OUTBIIICTD 3 SIKUX €
BY3bKOCIICII1aJII30BAHMMH 1 BUKOHYIOTH aHali3 300pa)keHb JIMIIE OJHOTO THUIYy Ta OJHHUM
ITOPUTMOM, PE3YJIbTaTH 0OPOOKH TaKOK MPEICTABISAIOTHECSA y CBOEMY (OopMaTi.

Po6ora 3 koMIIIIeKcOM po30MBA€ETHCS HA JICKiTbKA ETAIIB!

1. BuGip ¢aiiny 6a3u gaHux, B SKOMy Oyjie 30epiraTuch CTaTUCTHKA.

2. JlomaBaHHsI TIAMOK 13 300payKeHHSIMH, sIKi He00XiHO 00poduTH. [IpH oMy TiATPUMYETHCS
peKypcruBHa 00pOOKa IMiATAIOK Ta 3aBIaHHS CIUCKY MAcOK (paiitiB ay1st 0OpOOKH.

3. 3aBmaHHA TOCIIOBHOCTI €K3eMIUIIpiB (UIBTPIB Ta aHami3aTopiB, SKUMU OyayTh
00pOOJIATUCH Ta aHaANI3yBaTUCh 300pakeHHS. DUIBTP — 1€ MOAYJb, SIKUM 3MIHIOE 300pakKeHHH,
HANPUKIAJ], BUKOHYE WOro (HUIBTPAII0O UM TPUXOBYBAHHS JIAHUX TIEBHUM aJTOPUTMOM.
Amnamizarop xe 300pakeHHsS HE 3MIHIOE, a BUKOHYE HOTO aHaii3 1 MoBepTae MEBHUH HAOIP
cratuctTuku. s MomymiB 000X THINIB MOXYTh 3aJaBaThCs HaOlp crnenuiuyHuX Ui HUX
napamMeTpiB (Harmpukiam, KoediieHTn podOTH aNropuT™IB (PLTbTpaIlii Ta aHai3y) — TAKAM YHHOM
CTBOPIOIOTHCS €K3EMIUSIpH (DUTBTPIB Ta AHATI3ATOPIB, SIKi 1 IOTAIOTHCS B TIOCTiTOBHICTb.

4. 3amycKaeThCs HA BUKOHAHHS 3aBJIaHHSI 00pOoOKHU (haiiiIiB Mo JaHUX MOMEPEIHIX €TariB.
Peanizaris oOpoOKu BHUKOHAHA 3a CXEMOK POOOYMX IMOTOKIB, SIKI HE3aJIEKHO OOpOOIIOITH
¢aitm 300pakeHb, 3aBISKA YOMY ITiJIBUIICHO €(EKTUBHICTH MapayieabHoi 00pooku Ha SMP-
cuctemax. [linTpuMka po3MOMIIEHUX CUCTEM IUIAHYETHCS B HACTYIMHHX BEPCISIX KOMILIEKCY.
[Ticnsa 3akiHueHHsS OOpPOOKM HAKOMWYEHA CTAaTUCTHUKA MOCTYMHA JIJig BHOIPOK Ta €KCIOPTY Y
BUTJIAI 3BITiB TpboX TUMIB (PHc. 1).

Cratuctika 10 300paKEHHSX JO3BOJISIE OTPUMATH PE3YJbTaTH aHANi3y 300paXeHb I10
KOXKHOMY (paitmy okpemo. [Ipu mpoMy MoxHa BHOpaTH HEeOOXigHMI HaOlp JaHHX, SKI OyIyTh
BUBOJIMTHUCH JIJIs 300paXkeHb, a TAKOXK 3aaTH YMOBY (inbTpartii 3a Humu, Hanpukiar: ([[LHupuna)
> 1000) and @ucora] > 1000) and ([ms] like 'nature%')Ha npyriii Briaaii MokHa BHOpaTH
Hallp [aHWX CTaTUCTHKH, SKy HEOOXiAHO BHBeCcTH. Halip IOCTYNHHMX [JaHMX CTAaTHCTHKH
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BIZIOOpaXKa€ThCS Y BHUIIIIL JIEPEBa, SKE MICTUTh TOCHIJOBHOCTI €K3eMIULIpiB (iIbTpiB Ta

aHAITI3aTOPIB 3 BKJIAJICHUMH CITUCKaMK CTATUCTUKH, SIKY MOXKHA BKJIFOUHMTH Y 3BIT (pHc. 2).

B

Hl AnanizaTop zobpameHbs pesizia 36 - test71.fdb

Basa gaHux 2
}’r = Nankm \!r #=] DinsTpH "\"f 2 OBpobka V%‘IBBIT‘;‘

@ PrcyHIKM Ta daima

(%) MoKasaTh CTATMCTHKY No S05paEMmeHHAM

HonoHkm sobpamers: Honork dafnis:

LLhapuaHa ' PozTawysaHHR
BucoTa LlnaAx

[ | Aiaronans I'mA

[ ] noowa PoswmpeHHa

Paosmip

AdaTa creopeHHA
AaTta mogudikauil
OaTta accTyny
DopMaT

) MoKasaTH CYRYNHY CTaTMCTICY

KosdiuieHT NopisHAHHA! ElD w

DNLTP:
| [Whaprana] = 1000 |

MokasysaTk sobpakerHa hopraTis:

| 71 Tndexeds RGE32

¥=| CTaTicTuKg

=] 3siT

Puc. 1.1lapameTpu oTpuMaHHS 3BITY 31 CTATUCTUKOIO

Bl AnanizaTop 200paeHb peBizia 36 - 3.db

Basa aaHix a

‘,I'rl.ié. Mank \,l" =] mlnbn:w“\‘fr@ DEpoSKaV EE-CAY Log %

@ PrcyrHin Ta daim

=] CTaTucTiks

MNapaMeTpi CTaTHcTHES 3MiHHS
= Opurinan

¢ = RS Analysis

windowwidth = 2
windowHeight = 2

Mon-overlapping red
Mon-overlapping green
Mon-overiapping blue
Overlapping red
Owverlapping green
Owerlapping blues
£ + Average al
=l Steganos-Randomly-Seguence
= steganos-Randomly-Sequence
i o dataSizePersent = 50
- minRandomUsedBitsvalue = -1
: useHighBitCompensation = false
i - usedBitsSequence = 1
= RS Analysis
£ windowWidth = 2
windowHeight = 2

Mon-overlapping red
Mon-overlapping green
Mon-overlapping blue
Overlapping red
Owverlapping green
Owerlapping blue

Average az

DineTp:

|21 > 90) and (fa21 > 40

=] 3siT

Puc. 2.Bubip cTaTUCTUKU AJ1s 3BITY

[Ticnst 3aBmanHHS mMapamMeTpiB 3BITY MOXHA MEPETJIIHYTH Pe3yabTaT Ha TPETi BKIAIII.
Horo moxHa ekcropTyBaTH B CSV-haiisl JJig MOAIBIIOI OOpOOKH B TaOJUYHOMY IpOIiecopi

tuy Matikpocodt Excensb.



“Tadopmaris i mpaso”, Ne 3(3) / 2011 105

B xomriekci peanizoBaHO JeKiTbka MOIYIIB (UIbTparii Ta aHamizy AaHux. Momymi ¢insrparii
BKJIIOYAIOTh HalIp craHmapTHuX rpadiunux (imsTpiB, Takux sk. GaussianBlur, Defocus, Highlight,
Sharpen, BigEdge, Emboss, EmbossColor, EdgeDBleggtive, RemoveChannel, Punghakosx
' ATh (PUTBTPIB MPUXOBYBAHHS TAHUX, SIKi € PI3HOBHAaMH aaroputmy LSB.

Taxox peanizoBaHO YOTHPH aHATI3aTOPH:

1) MaTeMaTH4HOI CTATHCTUKU — OOpPaxXOBYE TPH CTATHCTUYHI XapaKTEPUCTUKU. CEPEIHE
3HA4YeHHS, CEPEIHBOKBAJPATHYHE BIAXWJICHHS Ta MEIiaHy UL JEKIIBKOX XapaKTePUCTHK 3
pisanx KosmpopoBux mpoctopiB. R,G,B, RGB,cepenne RGB, cipwuii, Binctans RGB, H,S,L,
H,S,V, C,M,Y K, L,a,b;

2) CTaTUCTHKH MO IIyMy — PO3PaxOBYE IBI IIYMOBI XapaKTEPHCTUKU U THX XKe
KOJIbOPOBHUX MTPOCTOPIB,;

3) MOpIBHSHHS KOJBOPIB — BHJAE CTATHUCTHKY 3a 13-Ma CIIBBIJIHOIICHHSIMH MiX
3HAYCHHSIMH IHTCHCHUBHOCTEH KOJIBOPOBHX CKIIaI0BHX mikcelniB 300paxenns (R,G,B);
4) RSanais.

Hocnioxcenna 3akoHoMIpHOCMEl V KAHALAX KOJIbOPOBUX 300padxicesb 3a memooom RS-
cmezoananizy. B pe3ymbrari JoCHiKeHb, TpoBeAeHuUX Han 49678 300pakeHHSIMU
(opurinansauME GoTorpadismu 6e3 cTero0bit), ki ocTymnHi B InTepHeTi, 0y10 BU3HAYEHO, 110
XuOHE BH3HAYCHHS MPOICHTY BHsBIeHUX cTeroditiB ([IBC) mns HUX BuIle, HK BKa3aHe
aBTOpaMH maTeHTy s gortorpadiit 3 nuppoBux kamep 1 ckanepiB. Ha nymky aBTOpiB, 1€
OB’ S13aHO 3 THUM, 110 HaJl TAKUMHU 300paKeHHAMH OyJ10 BUKOHAHO 0OpOOKY JJIsl MATOTOBKH 10
APYKy, fKa BKJIIOYA€ BUCOKOYACTOTHY (iNbTparlifo, MiIBUIICHHS SCKPAaBOCTI 1 KOHTpPACTY,
BUPIBHIOBAaHHS 3HA4Y€Hb TICTOrpaMu 1 T.NI. Omeparii, fKi MiABHIIYIOTh Bi3yallbHY SKIiCTb
300pakeHHs. L{e cynmpoBOKY€EThCS 30UTBIIEHHSIM CUHTYJISIPHUX TPy y U@ poBiit poTorpadii.

Takox Oyno TIOMIYEHO HEPIBHOMIpHE 3allyMJICHHS [0 KaHaJIax sl KOJIbOPOBHUX
300pakenp. CumBonamu R, G, B no3naueHo 3nHaueHHs koedimieHTy, oTpumanoro 3a RS-
CTETOQHAII30M IS YEPBOHOTO, 3€JIEHOTO Ta CHHBOTO KaHAJiB BiAmoBigHO. OUYeBHIIHO, IO
YacTOTaMH CITIBBITHOIIEHh KOJBOPIB — HEPIBHOCTAMH MOKHA TOOYJIyBaTH MHOXHHY BCIX
MO>KJIMBHX TOJi# y BuOipi. Enementapai moaii moBHOi MHOKMHY MOAaHi y Tadi. 3.

Bubipka Ne 3 3 1700 pororpadiit 6yna 3podbnena nuuppoBumMu kamepamu ¢Goroamnaparis,
MOOUTHhHUX TenedoHiB. BUIHO, 10 3aKOHOMIPHICTH PO3MOIIY HEPIBHOCTEH 30epiraerbes i
st poTorpadiid, 10 AKUX HE 3aCTOCOBYBAIUCH MU(POBI MEPETBOPEHHS Ta BIACYTHI MU(MPOBI
BOJISIHI 3HAKH.

B pe3ynpTaTi 00uMCIieHh OTPIMAHO HACTYIHI YacTOTH IMOSIBU HEPIBHOCTEH y BiJICOTKAX,
MpU 1IbOMY TIOXHMOKa sl PIBHOCTEH 1 HepiBHOCTEHW Oyna BcTaHoBieHa B Mexax 1 %, mob
BpaxyBaTH OOMEXCHHsI PO3PSIHOCTI oO0umcieHb (Tabn. 1). 3aranbHa KUTbKICTH 00POOJICHUX
300pakeHb cTanoBmiIa 51378daiinis.

Taomumga 1
BinHOCHI 9acTOTH MOSBM HEPIBHOCTEH JJIs1 IBOX BHOIpOK
HepiBHocTi

oe}
=1 T Py ® © W W | V| WD DO D
= V V V Vi V V I V 1 V 1l V I]
O] W py) W Py (O e T v v« B > B e v B B o R R
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w ® w Py ® py) W | O |0 W | O | X uy)
1 (13,46/18,26| 8,29 | 9,43 | 21,99 19,43 1,03,36(1,11|1,72|1,28(1,35| 0,28
2 116,12/18,95|11,23| 10,95 19,0% 16,97 0,8533(0,97(0,92|1,25(0,97| 0,43
3 110,7112,18| 7,82 | 11,65 25,29|30,06/0,12/0,59(0,59(0,24|0,35|0,24| 0,18
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3a3HaunMO, MO0 BHCOKAa IOBTOPIOBAHICTh YAaCTOT TOSBU HEPIBHOCTEH JI03BOJISIE
CTBEPKYBATH, IO SIBUIIIE Ma€ BUCOKY CTATUCTHYHY CTIHKICTh. BHIHO TakoX, 110 HEPIBHOCTI,
B SKHX TiepeBaxkae RSxoedilieHT y depBoHOMY ab0 CHHBOMY KaHaji, MEpPEeBaXKAIOTh 3a
yacToToro nosiBu inmi (Taom. 2).

TaOmuws 2
BinHocHa yacToTa mosiBM KOJIBOPIB HA MEPIIOMY MICIIi Y HEPIBHOCTSIX
HazBa 3HaueHHs1 MakcUMyMYy, %
KOJIbOPOBOI'0 Bubipka 1 Bubipka 2 Bubipka 3
KaHaJy
braxutawuii (B) 43,78 37,35 55,94
Yepsonnii (R) 33,44 35,99 23,13
3enenuii (G) 19,07 23,15 19,71

HepiBHocTi, mo Bignosigawote RS<reroananizy (Tabm. 1, 2), MOXyTh Oe3MOCEPETHBO
BUKOPHUCTOBYBATUCH JIJISl TIEPEBIPKU BEIMKUX MACHBIB 300pa)K€Hb HA MPEAMET BOYIOBYBAHHS
NPUXOBAHUX MJaHUX a00 JUIsi CTBOPEHHS CTeraHOrpadiuHOro ajropuTMy KepyBaHHS
3amoBHEHHsAM iHGopmarliiero 3a H3b-meTtomom s BEIUMKHX MacHBIB 300pa)keHb, IO HE
BIUTMBAE HA CYKYITHY CTAaTUCTUKY ISl HA0OPY 300paeHb.

Hocniooicenns ennugy yupposux ¢inompis na snauenns [IBC. Bimomo, 1mo 300paxeHHs 3
MEpPEeX 3araJlbHOTO JOCTYILy MOXKYTh MaTH IUGPOBI BOJSHI 3HAKH, HaJ HAMH MOXYTh OyTH
BUKOHAHI omeparii TMOKpalmleHHsS Bi3yaJbHOI fAKOCTI abo cmemiaidbHI AM3aHEPCHKI
MEPETBOPEHHS THUITY MIATOTOBKU 10 ApyKy. Tomy O6yro B3stu 1700dororpadiii 3 amaropcbkoi
KOJIEKIIi1, 3p00sIeH1 MOOUTHPHUM Tesle)OHOM Ta IU(POBOIO KaMEPOIO, Ha/l AIKUMHU TapaHTOBAHO
HE BHWKOHYBalu Oyab-ski meperBopeHHs. Jlam BubOipka Oyma oOpoOiieHa ICHYROUUMU
¢urbTpaMu (IIOCHICHHS KOJIbOPY, 3MEHIICHHS/30UIBIICHHS PI3KOCTI, 3aMyJICHHS 1 T.I1.), 1 OyJ0
BUKOHaHO RS<Teroananis, pe3ynpraTu sikoro HaBeaeHo y Tabm. 3, 4.

Tabmaus 3

KinpkicTs 300paskeHb y Tpymax, 1o BiMOB1Ial0Th (QiIbTpaM, ki 30ubinyroTh [IBC

Hasga pinbTpy KiiabkicTs 300paskenn, %0
i k1acupikanis
onepariii 2 % - max
0-2%| 2 % - max| 2-5 %| 5-10 %| 10 % - max
Opwrinan 80,7 19 13 4.6 1,7
Multiply 15 74,2 26,8 19,2 4.6 2
Overlay 15 75 25 20 4 1
High Pass 15| 78 22 13 7 2
Reduce noise| 80,9 19,1 14|14 3,6 11
AutoContrastt | 5 96,9 | 12,5 19 65,4
FocusRestoration
Normalize 79,27 20,73 13,7 5,1% 1,88
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3a pe3yabraTaMd EKCIEPUMEHTY OyJio BUSBIEHO, IO OLTBIIICTh 300pakeHb MOKHA
PO3IITUTH HA TPH TPYIIH:

1) 300paskeHHs, Ha SIKi TEPETBOPEHHS CYTTEBO BILIMBAIOTh B HANPSMi 3MEHIIEHHS a0
souteenus [1BC;

2) 300paxenHns, [IBC skux Mano 3MiHIOETBCS B Pe3yNbTaTi 3aCTOCYBaHHS (UIBTPIB Ta
MIePETBOPEHB OYIb-IKUX THIIIB;

3) 300paxenns, [IBC skux 3MIHIOETHCS TPU 3aCTOCYBAaHHI OJHUX IEPETBOPEHb 1 MAJIO
3MIHIOETHCS TIPY BUKOPUCTAHHI 1HIIHX.

3a BIUTMBOM KOHKPETHOTO (UIbTpYy Ha BHOIPKY MOXXHA BHUIUIMTH (UIBTPH, IO
smenmnyioth [IBC (tabm. 4), ta Taki, 1mo 360iutemyoTs [IBC (tada. 3). JocmimkeHHs OyayTh
MPOAOBXKEHI B HampsiMi pO3MIMPEHHS HOMEHKIATYpH (QUIbTpIiB 1 iX KomOiHaIii, mo OyayTh
3aCTOCOBYBATHCH J0 BUOIPOK IH(PpoBUX (hoTorpadii.

Tabmuus 4

KinpkicTs 300paskeHb y Tpymax, 1o BiANOBIIal0Th (QiIbTpaM, ki 3MeHIIytoTs [IBC

Hasga ¢inbTpy i

.t KiabkicTs 300paxennb, %
KJIacudikauisa onepauii

2 % - max 2-5% 5-10%| 10 % - max
Opwrinan 19 13 4.6 1,7
MeniaHHut 0,06 0,06 - -
["aycciBchkuit 0,35 0,35 - -
Minimum_3x3 1,94 1,94 - -
Average_ 3x3 2,12 2,12 - -

HepiBHoCTi 3a cepeHbOKBaipaTHIHUM BiaxmieHHsM ormiHkd mymy (CKBOILL) (Puc. 3a, 6)
MaroTh ¢opmy, moaioHy mo HepiBHocted st [IBC mpu BigcyTHOCTI CTeroOiT, mpoTe iX
CHIBBIJHOIICHHS MMPAKTUYHO HE 3MIHIOEThCS TIpH JojaBaHHi ctero0iT y H3b-piBens 300pakeHs,
OCKiIIbKH JofaBanHs cterodit 3mintoe Benmanan CKBOII konbopoBUX KaHATIB JIMIIE y COTHX i
necsaTHX yacTkax yucen [10 — 12].
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Puc. 3.Ticrorpama mis mepiBaocteit CKB- ominku mrymy
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Bunno, mo 30epiraerscst 3aMeKHICTh Y 3pOCTaHHI YacTOT HEPIBHOCTEH Biff CHHBOTO 10
YEepBOHOTO 1 MiHIMYM JIs 3esieHoro. B Toli xe vac, 3a abcomornumu 3HadennsmMu CKBOIII y
KaHaJIaX HEMa€ 3aKOHOMIPHOCTI I MIiHIMYMIiB, MAKCUMYMIB 1 CEpeHIX 3HaUCHb 32 BUOIPKOIO
300pa)keHb, a JIMIIE Ma€ MiCIle JIiHIMHE 3POCTaHHS B COTHX YacTKaX I[MX BEIIMYUH TPHU
JoJaBaHHI cTero0ir.

3a aHalmori€er0 A0 TOMEPEeAHIX CTaTUCTUYHUX JOCHIKEHb OyJo MepeBipeHo
3aKOHOMIPHOCTI 1 ISl cepeHix 3HayeHb, Meaian Ta CKBOIII y Bubipkax 300paxkens (Puc. 4).
SIK BUIHO 3 PUCYHKY, TICTOTpaMH CepelHiX 3Ha4eHb MaloTh Makcumymn y R > G > Bray B >
R>G.
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Puc. 4.TicTorpamu 9acToT HEPIBHOCTEH I CEPETHBOTO 3HAYCHHS Y BHOOPIII.
(a) — Test, §) — Datacr

Taky ocoOnuBiCTP MOXHa MOsCHUTH crnenudikoro nmoOynoBu [133-maTpuie cydacHux
mudpoBux (oTtoanaparis, fKi OymayroTbcs Ha 0a3i OaepiBChbkuxX Marpuib. s memiaH i
CKBOII y nBox BuOipkax TiCTOTpaMH MarOTh AHAJIOTIYHUN BUIJISIA 3 TPOXU OUIBIIMMHU
MaKCUMyMaMH y TakuX ke HepiBHOCTAX. [loai0HI TicTorpaMu 3 eKCTpeMyMaMu ISl CEPeTHIX
3Hauenb, memian i CKBOIII, nogani va Puc. 3 — 5 s cuctemun RGB, Oynmu otpumani y
BuOipkax: Test, Datacta Bubipka Ne 31 mmst 300paskens y cucremi HLS.
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Puc. 5.TicTtorpama gactot HepiBHOCTEM 1 OaiiTiB KobopoBux kanamiB (53308¢aiinis)
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Bussnenuii ¢Qaxkr, Ha JgYMKy aBTOpiB, MOXKHA 3acCTOCYBAaTH /s TOKPAIIEHHS
XapaKTEPUCTUK QJITOPUTMIB CTUCKY BEJIMKHX MACHBIB 300pa)K€Hb MUISIXOM TPYINyBaHHS
300pakeHb 3a HEPIBHOCTSAMH 1 CTBOPEHHS METOIIB J0Ka30BOi mH(poBOi imeHTHdiKaIii
¢doroamapatis, AKUMH OyJ10 3p00IEHO CEPit0 300paKEHb.

AHaNOTiIYHI CTAaTHUCTUYHI JOCHTIKEHHA Oyly BHKOHAHI Juis OalTiB KOJIHOPIB HU(PPOBUX
dororpadiii Ha BubGipmi obcsirom 53308 aiinie (Puc. 5). Buano, mo orpumana rictorpaMa
rnoaiona no Puc. 3, 4ra manux Taom. 3, 4.

BucHoBKkH.

BcraHoBneHo, mo i KOJOPOBUX KaHANIB XapaKTEepHE pi3HE 3HAYCHHS XHOHO
nosutuBHOTO [IBC, pospaxoBanoro 3a merogoM RS<reroanamizy. biibin BUCOKI 3HAYEHHS
i OJaKUTHOTO KaHAIy MOKHA TOSCHUTH OUTBII IIBUAKUAM PEICEBCHKUM DPO3CIIOBAHHIM
(morNIMHAHHSAM) CHHBOTO CIIEKTpa IIOBITPSM, MOPIBHAHO 3 IHIOIMMH KOJBOPAaMH, MIO
B1IOOpaKA€EThCS K IMIABUIIICHHS PIBHS 3alIyMJICHHS Y CHHROMY KOJIBOPOBOMY KaHaii. Bucoxi
3HAYeHHA JUIS YEepPBOHOTO KOJIBOPY TOSCHIOIOTHCA OUTBII  BHCOKOI KOHTPACTHICTIO
(neTanpHICTIO) ISl YEPBOHOTO KOJBOPY, IMUPHUHA CHEKTPa SKOTO € HAWOUIBIIO MOMIX TPhOX
KOJIBODIB, a BIIHOCHHH CTYIiHb MOTJIMHAHHS € HAWMEHIIMM, OCKIJIbKM 3 HHOTO MOYHWHAETHCS
CIIEKTp BUAMMOTO CBiTiIa. HaliHok4e BiTHOCHE 3HaUeHHS 3a(hiKCOBAHO TSI 3€JICHOTO KOJIhOPY,
SKHUH 3aiiMa€e MPOMIXKHE MICII€ Yy CTIEKTP1 MK YEpPBOHHUM 1 OJIAKUTHUM.

Kpim toro, 3a pesynpraramu oOpoOku 300pakeHb pi3sHUMH (iIbTpaMu 0yJ0 BU3HAYEHO,
mo iX MOXHA pPO3IUIMTA Ha TPH TPYMU. 300paKCHHs, B SKUX TIEPETBOPEHHS CYTTEBO
BruBaroTh Ha [IBC, 300paxkenns, [IBC akux Mano 3MiHIOETBCS B Pe3yJbTaTi 3aCTOCYBAHHS
¢utbTpiB, Ta 300pakenns, [IBC skux 3MIHIOETBCS TPU 3aCTOCYBAHHI OJHHUX IEPETBOPEHH 1
MaJjio 3MIiHIOETbCS TIPU BUKOPUCTAaHHI 1HIUX. [{e 103BoaMI0 BUAIIUTH T1 PLIBTPH, SIKI CYTTEBO
BmmBaroTh Ha [IBC 300pakeHb, 1O MoOXe OyTH BHUKOPUCTAaHO TP CTBOPEHHI
CTETaHOAITOPUTMIB, CTIMKHX J0 CTETraHOAHATI3Y.

[IpuxoByBaTn BenMKW OOCAT AAHWX y MacHBax 300pa)keHb, MPHU SKOMY KOJIBOPOBI
ka"Hanu (ortorpadii piBHOMIpHO 3anoBHIOOTECA HA 10 — 15 %averomamu H3b-creranorpadii,
HE PEKOMEHAYETHCS, OCKIIBKM 1€ 3MIHIOE TPUPOAHY CTaTUCTUKY HepiBHocted [IBC ms
300pakeHb. 11[00 30iABIIMTH CTIHKICTP NMPUXOBYBAHHSA JAaHUX y MacHBax 300pa)Ke€Hb 10
BUsIBJICHH RS-<TeroananizoM HEOOX1THO HEOMHOPIAHO BOYAOBYBAaTH CTErO0ITH y KOJIHOPOBI
KaHaJM 300pakeHb, TOOTO y BIAMOBITHOCTI 3 OTPUMAaHUMH HEPIBHOCTSAMH JIJIs1 BUOIPOK.

OTtpumaHni pe3yapTaTd — HEPIBHOCTI ISl PI3HUX CTATHCTUYHHUX XaPAKTEPUCTUK — MOXKYThb
OyTH BHUKOpPHUCTaHI JUIsl PO3POOKM HOBHX METOIB 3MEHIICHHS pIiBHSA MIYMiB, NEpPEBIpKU
300pakeHb Ha MpeaMeT 3aCTOCYBaHHS MeETOMIB HHU(PoBOi 00poOKkM Ta BOYJAOBYBaHHS
CTOPOHHIX €JIEMEHTIB, a TaKOX JUIsl CYIOBO-I0Ka30BOi ijeHTH(]iKamii amapaTHUX 3aco0iB
peectpartii (digital forensic) sxkumu Oy 3po6ieni Mmacusu udpoBux Gotorpadiii.
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