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B poboti 3ampornoHoBaHH CTeTaHOAHANITHYHHHA aNTrOPUTM, 3aCHOBAHMH Ha BpaxyBaHHI
BiAMIHHOCTE# XapakTepy 3MiH KUIBKOCTiI OJIOKIB 3 OJJHAKOBMMH 3HAUCHHSMH SICKPaBOCTI
KOJIIPHUX MaTpHIb MOCIIOBHOCTI 300pakeHb/KapiB BiJleO MOCIIIOBHOCTI B Pe3yJbTAaTi
NEepBMHHOI Ta IOBTOPHOI BOYJOBM JONATKOBOi  iH(opmamii. 3anporoHoBaHHH
CTETraHOAHAJITUYHUI aQJITOPUTM 3AIHCHIOE aHalli3 MPOCTOPOBOI o001acTi HHU(POBUX
KOHTEHTIB (K y (hopMaTax 3 BTpaTaMu, Tak i y ¢opmarax Oe3 BTpaT) Ta HalpaBIICHUHA Ha
BUSBJICHHSA HASBHOCTI BOYOOBH [OHaTKoBOI iH¢popmamii wmeromom wmopmikamii
HalMEHIIIOTO 3HA4YyIIoro 0iTa 3 HE3HAYHOK IMPOIYCKHOK CIPOMOXKHICTIO MPUXOBAHOIO
KaHay 3B’sa3ky (He Oimbmre 0.5 Oit/mikcenms). HaBemeHi pesymbTaTe 0OYHCIIOBaIBHOTO
EKCIIEPUMEHTY.

KoarouoBi caoBa: creraHoaHanmiTH4HMII MeroJ, MeToJ Moaudikauii HaHMEHIIOro
3HAYyIIOro 0iTa, MPOCTOpOBa 00JIACTH KOHTEHHEpa, IUGpPOBe 300pakeHHS, HUPpPOBa
BiZIONOCIIOBHICTB, (hopMart 30epiranHs 3 BTparamu, popmat 30epiraHss 06e3 BTpar

Beryn

BypxnuBuii po3BUTOK iH(pOpMAIIMHUX 1 KOMYHIKAaTUBHUX TEXHOJOTIM chpuse ix
IIMPOKOMY PpO3MOBCIOJUKEHHIO SIK Y JEpXKaBHUX Ta CYCHUIBHMX cdepax, Tak 1 Yy
MOBCSKIECHHOMY KHUTT1 KO>KHOI JIFOJIUHH, KOJIM HETIOMITHUMH CTalOTh BENUKI BIJCTaHi 1 Oy/Ib-
Ky 1H(pOpMAIII0 MOXHa NepeaTH 3a JIeKUIbKa XBIUINH, MOKHA CIUIKYBAaTUCS 3 JIIOAbMH, SIK1
3HAaXOAAThCA y PI3HUX KpaiHaX. AJjie Takuil pPO3BUTOK Mae U 3BOPOTHY CTOPOHY — Oararto
3JI0YMHIB, y TOMY 4YHCJIl TEPOPUCTHUYHI AaKTH, OPraHi3oBaHi 3a JIOMOMOTOK Ta€MHOI
KOMYHIKallii, Takoi sk creraHorpagis. Bukopucranus creranorpadiuHuxX CHCTEM JO3BOJISE
nepenaTd KOHQIIEHIINHY 1H(OpMallil0 MO BIIKPUTOMY KaHaly 3B’SI3Ky, IPUXOBYIOUU caM
¢dakT i mpuCyTHOCTI y KoHTeiHepi [1,2], B poisii SKOr0O MOXYTb BHUCTYNaTH LU(POBI
300paxenHs (L[3), Bigeo nocninoBHocTi (LIB). Pesynbrar BOynoBu nomatkoBoi iHpopMarii
(D) y xonrelinep aani Oyaemo HazuBaTH creraHomnosigomieHHsM (CIT).

3 MeTor0 3arnobiraHHs 3JI0YMHHUX /I 3 BUKOPUCTaHHSAM CTeraHorpadii akTyaJbHUM €
PO3BUTOK  CTEraHoaHadi3y, OCHOBHOIO  3a/Jauyel0  SKOr0 €  BHSBIEHHSI  (akTy
HasIBHOCTI/BIJICYTHOCTI MIPUXOBaHOi iHPopMalii y Oyab-s1KoMy KoHTeitHepi [2, 3].

Haii6inpm po3moBCIOKEHUM cTeraHOrpapiuHUM METOIOM € MeToA Moaudikamii
HaliMeHmoro 3Hauymoro Oita (LSB) [2] 3aBasku mpocToTi peamizaiii, MOXKJIHUBOCTI
3a0e3neueHHs] BHCOKOI MPOITYCKHOI CIIPOMOKHOCTI IpuxoBaHoro kaxaimy 3B’s3ky (ITIIC),
BUKOPUCTAaHHIO SIK Yy MPOCTOPOBI o6nacTti, Tak 1 B 00JacTi NEpEeTBOPEHb IM(PPOBOTO
KOHTelHepa. Ane cborojHi Haituactime meroa LSB BukopuctoBytoTh came 3 Manoro II1C
(me Ourpme 0.5 OiT/mikcenb), MO0 3HAYHO YCKJIAQJHIOE BHSBICHHA (DaKTy HasSBHOCTI
pUxoBaHoOi iH(popMaIlii.

BinpmiicTh cydacHUX CTEraHOAHATITUYHUX METOIB Ta alropuT™MiB [1, 4-7] BUKOHYIOTH
aHami3 IUQPPOBUX KOHTEHTIB B 00JacTi NepeTBOpPeHb (YacTOTHIM obnacti, oOmacTsax
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CUHTYJISIDHOTO / CHEKTPaTbHOTO PO3KIAJaHHS BIAMOBIIHUX MATPHUIh, TOIIO), IO CIPHUSIE
HaKOMMMYEHHIO 00YMCITIOBAIBHOI MMOXHOKH, 0COOIMBO I HEMOMIK BIUIMBAE Ha €PEKTUBHICTh
creranoananizy npu mainoi [IIIC creranorpadiunoro xanamy 3B’s3Ky. CTeraHoaHamiTH4HI
METO/IH, 10 aHATI3YIOTh MPOCTOPOBY OOJIACTH KOHTCHHEPIB [8], MO3BOJSIOTh YHUKHYTH SIK
JOJTATKOBOTO HAKOMWYCHHS MOXMOOK OOYHUCIICHb, TAaK 1 JIOAATKOBHX YaCOBHX BUTpPAT MPHU
nepexo/ii B 00J1acTh MePETBOPEHbD.

TakuM YUHOM, MiJBUIIEHHS €(PEKTHBHOCTI CTEroaHajiily 3a paxyHOK 3a0e3NeueHHS
MO>KJIMBOCTI HOTO TPOBEIECHHS B MPOCTOpOBiii oOmacti mpu BOymosi I meromom LSB 3
HezHayHorw [I1C B mudposi kouteitnepu (113, 1IB) € akTyanpHOMO 3ama4ero I Cy4acHOT
crera"orpadii.

MeTa Ta MIOCTAHOBKA 3a/7a4

Memorw pobOTH € TOoKpaleHHs e(QEeKTUBHOCTI CTEeraHOaHATI3y IIpd BUSABICHHI
HasBHOCTI/BiacyTHOCTI [II, BOymoBanoi metogom LSB 3 nesnaunoro IIIIC (uwe Oinbme 0.5
OiT/mikcenb) y mochigoBHicTh [[3/kagpiB  BiEOMOCTIAOBHOCTI LUIIXOM  PO3POOKH
YHIBEPCAJILHOTO CTETaHOAHAIITUYHOTO aJITOPUTMY, 3aCHOBAHOTO HA aHAIi31 XapakTepy 3MiH
KUTBKOCTI OJIOKIB 3 OJHAKOBMMH 3HAYEHHSMH SICKPaBOCTI B KOJNIPHUX KOMITOHEHTax
U(PPOBUX KOHTEHTIB Micisl MOBTOPHOI BOymoBH /1.

Jlist ocsArHeHHS TOCTaBICHOI METH HEOOX1THO BUPIIIMTU HACTYIHI 3adaui:

1.  YcraHoBUTHM B MpPOCTOPOBiH 007acTi XapakTepHi 3MiHM KUIBKOCTI OJOKIiB 3
OJIHAKOBUMHU 3HAUEHHSMHU SICKPABOCTI MiKCeNiB OJOKIB Marpuill opurinamsHoro 113 y
nopiBHsiHHI 3 CII, a Takox CII y mopiBHsHHI 3 CII, OTpPUMaHUM Yy Pe3yJbTaTi MOBTOPHOI
BOynoBu /I B CII metogom LSB;

2. BwuszHauMTH MOPOroOBE 3HAUEHHS BiJICOTKY KOJIPHHX CKIIAIOBHX 31 3MEHIICHOIO
KUIBKICTIO OJIOKIB 3 OJIHAKOBUMH 3HAa4YeHHSIMH sICKpaBocTi y mocnigoBHocTi [[3/11B,
c(hopMOBaHUX MMEPBUHHOIO BOYI0BOIO [[I, y OpiBHSHHI 3 TUPPOBUM KOHTCHTOM, OTPUMAHUM
noBTOpHUM BripoBamxeHHsaM 1 y CII;

3. Po3poOuTH OCHOBHI KPOKHM CTEraHOAQHAIITUYHOIO aJITOPUTMY JETEKTYBAaHHS
HasBHOCTI/BiacyTHOCcTi [II, BOynmoBaHoi MerogoM LSB 3 Hesnaunoro IIIIC (He Oinblie
0.5 6it/mikcenp), y TUGPOBUX KOHTEHTAX;

4.  Ouinutd e(eKTUBHICTh PO3POOIEHOTO CTETaHOAITOPUTMY NUISIXOM BHU3HAYEHHS
MOMUJIOK 1-T0 Ta 2-r0 poAy Ha OCHOBI JAETEKTYBaHHS HA0OPY BiJI€ONOCIIITIOBHOCTEH.

OcCHOBHA YacTHHA

B po6orax [9, 10] Oynu chopmynboBaHi cTeraHoaHaIITUYHI MeTou 7S popmaris 6e3
BTpaT Ta (opMaTiB 3 BTpaTaMu, HalpaBlIeHI Ha JETEKTyBaHHS HasBHOCTI/BiacyTHocTi I,
BOynoBaHoi B KoHTelHep MeToaoM LSB 3 manoto IITIC (ue 6inbiie 0.5 OiT/miKcens), MIIsIXOM
NOPIBHSAHHS BIIHOCHOT 3MiHU KUJILKOCTI OJIOKIB B KOHTEHTI, 1[0 aHANI3YEThCS, Y MOPIBHAHHI 3
CII, oTppumMaHuM TOBTOPHUM BIPOBAKEHHAM [II y 11eli KOHTEHT.

VY morouHiit poOOTI NMPOBOAUTHCA JOCTIIKEHHS XapakTepy 3MIHM KUIBKOCTI 4x4-
OJIOKIB 3 OJJHAKOBUMH 3HAYECHHSMH SCKPaBOCTI y mochigoBHOCTI 113/BimeonociigoBHOCTI B
pe3ynbpTaTi TEPBUHHOTO Ta TMOBTOpHOTO BhpoBamkeHHs JII. B obOuncmroBaibHOMY
eKCIIEpUMEHTI BUKOPUCTOBYEThCS 0a3a 300paxkeHs, sika Mictuth 1000 konpopoBux L3 (cxema
RGB):

rpymna 1: 200 L3 i3 6a3u NRCS Photo Gallery [11] y popmari TIFF;

rpyna 2: 200 300pakeHb, OTpUMaHUX HenpodecioHaTbHUMU (poTokamepaMu B ¢popMaTi

TIFF;

rpymna 3: 200 113 13 6a3u NRCS Photo Gallery [11] B popmari JPG;

rpyna 4: 200 Bucokoskicaux 113 13 [12], B popmarti JPG;
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rpymna 5: 200 300paxeHb, OTpUMaHUX HenpodecioHanbHUMH (oToKamepamu B (hopmari

JPG.

Ha meprmomMy erarti 009HCIIIOBAIBHOTO €KCIIEPUMEHTY MPOBOAMIIACH OLlIHKA XapaKTepy
3MiHU (3MCHIIICHHS, 30UIBIICHHS YU HE3MIHHICTH) KUIBKOCTI 4 X4 -0JIOKiB 3 OJIHAKOBUMU
3HAYECHHSMHU SICKpPAaBOCTI B KOJIpHUX ckjianoBux opuriHaneHux L3 Ta CII, oTpumanmux
NepBUHHUM BripoBapkeHHsM J[I y xonTerinep Merogom LSB. KoxHa kosipHa KOMITOHEHTa
KOHTEWHEepa JOCTIKYBalach OKPEMO, OIHAK XapakTep 3MiH Ui Oyab-SKHUX KOJIPHUX
CKJIQJIOBUX AHAJIOTIYHUN, TOMY B MOJanblIOMy OyleMO MaTH Ha yBasi, IO pPe3yJbTaTH
00YHCITIOBAIEHOTO €KCIIEPUMEHTY 3aCTOCOBHI SIK JUISI Y€PBOHOT, TaK 1 JJIsl 3€JICHOI Ta CUHBOT
KOJIPHUX MaTpullb. Pe3ynpTaTu mepuioro eramy eKcrepuMeHTy mpencraieni y tabn.l. Tyt
XapakTep 3MiH BU3HAYAE€THCS 32 POpMyJIaMu

k k . k, ..
= Dawems 10, p = 2Bl 1()0)g, = Smenin 100%, 1
N ° p36u bl N 0 pHES/LtlH N 0 ( )

p,’}.’l'i CHUL

T€ P.vonss Posivns Presin — BIACOTOK MATPHILb, Y SIKMX KUIBKICTb 4 x4 -0JIOKIB 3 OJHAKOBUMHU
3HAYEHHSIMU SCKPABOCTI MPHU BIpoBapKeHH1 JII 3MEHIITY€ThCs, 301BIIYETHCS Ta 3ATHIIAETHCS
HE3MIHHOIO BiIIOBIIHO;

k k

4 x4 -650KiB 3 OJIHAaKOBUMH 3HAYECHHSMH SCKpPABOCTI MpHU BIpoBapkeHHi J[I 3MeHmIyeThes,
301IBIIYETHCS TA 3aJTUIIAETHCS HE3MIHHOIO BiIOBIIHO;
N — 3aranbHa KUIbKICTh MATPHIlh Y MOCTIIOBHOCTI, III0 aHAI3y€EThCSI.

— KUTBKICTh MaTpuIlb y ociigoBaocTi [[B/kanpax 1IB, y SkuX KiTbKICT

smenut® "V 36invut > " He3MIN

Taoauus 1.
XapakTtep 3MiHH KUTBKOCTI 4 x 4 -OJIOKiB 3 0OJHAKOBHMH 3HAYEHHSIMH SCKPABOCTI MPH
HepBUHHOMY BIIpoBakeHH1 JIW no Bcbomy Habopy 300paxkeHsb, %

H;[)EI/ICHEE iy Xapaktep I'pymal | I'pyma2 | I'pyna3 | I'pyna4 | I'pyna5
BripoBauKenHi JIT 3MIHU (TIFF) (TIFF) JPG) JPG) JPG)
3menmenHs | 34.9301 | 403134 | 92.2824 | 82.2554 | 91.6279

0.5 36inpmenns | 40.9182 | 47.1510 | 4.9261 12.2720 | 7.9070

Hesminnicts | 24.1517 | 12.5356 2.7915 5.4726 0.4651

3meHmenHs | 39.7206 | 43.4473 | 92.7750 | 86.2355 | 93.9535
0.25 36utpmenns | 33.9321 | 40.5983 4.5977 8.4577 5.4264
Hesminnicts | 26.3473 | 15.9544 2.6273 5.3068 0.6201

3Mmenmendsa | 43.7126 | 46.0114 | 92.7750 | 88.8889 | 96.2791
0.1 3o0utemienss | 27.3453 | 34.4729 3.4483 4.8093 2.6356
Hesmignuicts | 28.9421 19.5157 3.7767 6.3018 1.0853

Sk BunHO 3 Tabiu. 1 npu nepBuHHOMY BipoBapkeHHl J{I y koHTelHepu B popmarax 6e3
BTpar (rpymnu 1 i 2) nesanexHo Bix IIIIC y cepenubomy B 40% MaTpuilb CrOCTEpIraeTbes
3MEHILIEHHS KUIbKOCTI 4 x4 -0JI0KIB 3 OJJHAKOBUMH 3HAYEHHSIMU SICKPABOCTI. Y 300pakeHHAX
B (hopmarax 3 BTparamu (Tpymnu 3, 4, 5) 105 MaTpUIlh 31 3MEHIICHOIO KUTBKICTIO 4 x 4 -0JI0KiB
nocsirae 80% Ta BHIIE.

Ha npyromy eramni o04YHCIIOBAaIbHOTO €KCIEPUMEHTY NMPOBOAMIIACH OLIIHKA XapakTepy
3MIH KUTBKOCTI 4 x4 -0JIOKIB 3 OJTHAKOBUMHU 3HAYEHHSIMH SICKPABOCTI y KOJIPHUX CKJIQJOBUX
CII, orpumanux mnepBUHHUM BHpoBamkeHHAM JII y konrelinep Meromom LSB, Tta CII,
OoTpUMaHuX B pe3ynbTaTi nmoBTopHOi BOynoBu JII y mane CII. PesynpTaTH ekcriepuMeHTY
npejcTaBieHi y Tabin.2. XapakTep 3MiH BU3HaUaeThes 3a popmynamu (1).
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Tadauus 2.
XapakTtep 3MiHU KUTBKOCTI 4 x 4 -0JI0KIB 3 OJTHAKOBUMH 3HAUYCHHSMH SICKPABOCTI TIPH

MOBTOPHOMY BIpoBakeHHi [l mo BcboMy Habopy 300pakeHb, %o

rglslgdggﬁﬁ rilgﬁ)gg 11/1;1 XapgKTep I'p. 1 I'p.2 I'p.3 I'p. 4 I'p.5
s6ynosi [ | B6ynosi JII 3MIHH (TIFF) | (TIFF) | (JPG) (JPG) JPG)
0.5 3MeHIIEHHSA 0 0 0 0 0
30inpmenns | 55.8882 | 72.0798 | 71.5928 | 73.6318 | 81.7054
Hesminnicts | 44.1118 | 27.9202 | 28.4072 | 26.3682 | 18.2946
0.25 3MCHIICHHS 0 0 0 0 0
0.5 36umpmenHs | 52.4950 | 65.6695 | 33.9901 | 63.1841 | 56.8992
Hesminnicts | 47.5050 | 34.3305 | 66.0099 | 36.8159 | 43.1008
0.1 3MeHIICHHSA 0 0 0 0 0
36inemenns | 46.5070 | 60.2564 | 26.7652 | 55.7214 | 51.1628
Hesminnicts | 53.4930 | 39.7436 | 73.2348 | 44.2786 | 48.8372
0.5 3menmendsa | 0.1996 0 0.1642 0 2.0155
361mbmenns | 57.2854 | 73.7892 | 41.2151 | 71.4760 | 67.1318
Hesminnicts | 42.5150 | 26.2108 | 58.6207 | 28.5240 | 30.8527
0.25 3menmensHsa | 0.3992 0 0.1642 0 1.7054
0.25 36inemenns | 54.0918 | 68.0912 | 39.4089 | 67.1642 | 65.8915
Hesminnicte | 45.5090 | 31.9088 | 60.4269 | 32.8358 | 32.4031
0.1 3menmenasa | 0.1996 0 0 0 1.7054
36umpmenns | 49.1018 | 60.8262 | 29.5567 | 55.2239 | 54.2636
Hesminnicts | 50.6986 | 39.1738 | 70.4433 | 44.7761 | 44.0310
0.5 3menmenns | 20.3593 | 20.2279 | 64.5320 | 41.4594 | 63.4109
36umbmenns | 50.4990 | 62.9630 | 18.8834 | 45.2736 | 31.6279
Hesminnicts | 29.1417 | 16.8091 | 16.5846 | 13.2670 | 4.9612
0.25 3menmenHs | 21.7565 | 22.6496 | 68.1445 | 48.0929 | 67.4419
0.1 36inemenns | 46.7065 | 55.6980 | 13.7931 | 35.1575 | 25.8915
Hesminnicts | 31.5370 | 21.6524 | 18.0624 | 16.7496 | 6.6666
0.1 3Mmenmenns | 15.7685 | 17.6638 | 41.3793 | 34.1625 | 44.1860
361mpmenns | 46.9062 | 54.2735 | 45.8128 | 50.9121 | 51.4729
Hesminnicts | 37.3253 | 28.0627 | 12.8079 | 14.9254 | 4.3411

3 Tabn.2 BUAHO, L0 MICJIA MOBTOPHOIrO BHpoBamkeHHA /[l y creraHonoBiOMIIEHHS

MOMITHO 3HUXKYETbCS BIJICOTOK KOJIPHUX MaTpHIlb 31 3MEHILICHOIO KIJBKICTIO 4 x4 -0JI0KIB 3
OJIHAaKOBUMH 3HAY€HHSAMHU sickpaBocTi (ax 1o 0%, ocobnuso, skmo [MI1C npu nepBuHHOMY
BIIpoBa/KeHHI ckiagana 0.5 ta 0.25 6it/mikcens), M0 MPU3BOIUTEH O 3POCTaHHS BiJCOTKY
MaTpHIlh 31 30UTBIICHOI0 Ta HE3MIHHOIO KIJTBKICTIO 4 X4 -0JIOKIB 3 OJIHAKOBUMHU 3HAUYCHHSIMH
sckpaBocTi. [Ipuromy, 11e criocTepekeHHs XapakTepHe SK JJis KOHTeiHepiB B (opmaTax 6e3
BTparT, TakK 1 JJis KOHTeHepiB B (hopMarTax 3 BTpaTaMu.

TakuMm YMHOM, Ha OCHOBI XapakTepy 3MiH Oinbmiocti enemeHTiB (L[3, kanpiB)
MOCIIJJOBHOCTI MOHa 3pOOMTH BHCHOBOK MPO HAasBHICTH/BiACYTHICTh /[l y KOHTEHTI, SKuil
aHaJi3yeThes. 3 LI€I0 METOI BU3HAYMMO ITOPOTOBE 3HAUEHHS BIICOTKY 3MEHIIEHHS KUJIbKOCTI
4x4-610KiB 3 OJHAKOBHUMH 3HAUEHHSMHU SICKpaBOCTi. Y BHMajaKy, skmo nepBuHHa [II1C
ckiagae 0.1 OiT/mikcenb, MOPOroBe 3HAYEHHS TOYHO BHU3HAYMTU HE MPEJCTABISAETHCS
MOJJIMBAM Yy 3B’SI3KY 3 PO3KMAOM 3HAYeHb TaOJ. 2 Uil Pi3HUX TPYH, OCKUIBKH 3aBXKIH
3HAWIEThCS OpHUTiHANbHA TMOCHIIOBHICTh, SIKA Ma€ MEHIIMHA BiJICOTOK €JEMEHTIB 31
3MEHIIEHOIO KIJIBKICTIO 4 x 4 -0JI0KIB 3 OJJHAKOBUMU 3HAYEHHSIMH sICKpaBocTi. [|jisi mepBUHHOT
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IIIIC 0.5 ta 0.25 6it/mikcensb i KOHTEHHEpiB B (hopmaTax Oe3 BTpaT MpHIMEMO MOPOTOBE
3HaueHHs T, = 0.4 Ta s KoHTEIHEPiB B (hopmaTax 3 BTpatamu 7, =3.

uncompressed compressed —
Hns nocmigoBrocti 3 P L3/kagpis B C,,C,,...,Cp 3 KOIIPHUMH CKJIaJOBHUMU
Rl.(c) ,Gl.(c>,B,.(C) OCHOBHI  KPOKH  CTETaHOAQHAJIITUYHOTO  QJITOPUTMY  JETEKTYBaHHS

HasBHOCTI/BifacyTHOCTI J1I, BOynoBaHoi meTogom LSB, HacTymHi.
Kpok 1. Boynosa JII (BunmagkoBo cpopMoBaHoi OiHAPHOT IMTOCTIAOBHOCTI).

Hus xoxunoro C,, i=1,_P:

1.1. BOynysatu y Rl.(c), Gi(c) , Bi(c) - xomipHi ckiangoBi C, meronom LSB JII —
BUMAAKOBO copMoBany OiHapHy mnociigoBHicTe 3 [IIIC 0.5 Git/mikcens.
Pesynbrar - 'S¢ 3 konipuumu cknagosumu R, GV, BV ;

1.2. B6yaysatu y R'“,G'“, B‘“ - xomipni ckianosi C, meromom LSB JII —

BUMAAKOBO copmoBany OinapHy mnociigoBHicTe 3 [IIIC 0.25 6iT/mikcensb.
(025) ~(025) 1,(025) .
’Gi ’BI

Pesynbrar - S 3 KonipHuMH cKIagoBUME R, ;
c 0 p(C . .
1.3. BOynysatu y R,-( ’, G,-( ), Bi( ' - kouipHi cK1a/10Bi C, meromom LSB JII -
BUMAIKOBO chopmoBany OinapHy mocmigoBricts 3 IIIIC 0.1 Git/mikcens.
: 0.1 0.1 0.1
Pesynbrar - S/ 3 KONIpHUMH CKIIaIOBUME R[.( ’, Gf ’, B,'( "

Kpok 2. BuzHaueHHs KiIbKOCT1 4 x4 -0JIOKIB 3 OZJHAKOBUMH 3HAYEHHSIMH SCKPABOCTI Y
KO>KHOT KOJIIPHOT CKJIaJI0BOI.
Hus xoxnoro C,, i=1,P:
C C C . .
2.1. Busnauutu k};( ) kgi( ) kbi( ' - Kimekicte 4x4-GIOKOB Yy

C C C . .
R ),G.( ),Bi( ) BIJIIOBIJIHO;

1 L

0.5 0.5 0.5 . . .
2.2. BwusHauutn k;;( !, kgl.( ', kbl.( ' - ximekicte 4x4-GnokiB y
0.5 0.5 0.5 . .
Ri( ) ,Gi( ),Bl.( ) BigmosiaHo:

0.25 0.25 0.25
2.3. Busnauutn kl;( ), kgl.( ), kbl.( )

0.25 0.25 0.25 . .
Rl.( ),GI.( )’B,-( ’ BiznoBinHO;
0.1 0.1 0.1 . . .
2.4. BwusHauuTH k};.( ) kgi( ) kbi() - KUIBKICTh 4x4-ONOKiB Yy

0.1 0.1 0.1 . :
R' ),Gl.( ),Bl.( ’ BizmoBiHo.

Kpok 3. BusHaueHHs XxapakTepy 3MiH KUIBKOCTI 4x4-0JIOKIB 3 OJHAKOBUMH
3HAYEHHSMHU SICKPABOCT1 Y KOXKHOI KOJIIPHOI CKJIa/10BO1.

KUTBKICTh 4 x4 -0JIOKIB Y

st koxsoro C,, i=1,P oGunucnuTu:
dRi(O.S) — k];(C) _k’;(O-S), dGi(O.S) — kg(C) _ kg{0.5)’ dBi(O-S) — kbi(c) _ kbi(O.S);

i i

dRi(O.ZS) — kri_(C) _ k"lf(o'25), dGi(O.ZS) — kgi(C) _ ngO.ZS)’ dB[(O.ZS) — kb,.(c) _ kbi(O.ZS);

1

dRi(().l) — k’;(C) _k’;(().l)’ dGi(OAl) — kgi(C) —kg-((“), dBi(OAl) — kbi(C> _kbi(OAl).

i
Kpok 4. BuzHauuTu 3arajibHy KUTbKiCTh MaTpuls L[3/kanpiB Bieo MOCHITOBHOCTI, Y
SKUX CIOCTEPIraeThCs 3MEHIICHHS KUIBKOCTI 4x4-0JOKIB 3 OJHAKOBUMHU 3HAUECHHSIMHU

SCKPABOCT] Y KO’KHOI KOJIPHOT CKJIa/I0BOi.
4.1. Axwo dR™ >0, mo kR =kR*> +1 (kR - ximpkicTs MaTpuip y

MOCJIZIOBHOCTI 31 3MEHIIEHHAM KUIBKOCTI 4Xx4-0J0KIB 3 OJHAKOBUMH
3HAYEHHSMU SICKPABOCT1);
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4.2. Axwo dR* >0, mo kR"* =kR"* +1 (kR** - xinbkicTh MaTpuiub y
IMOCHITOBHOCTI 31 3MEHIIEHHSIM KUIBKOCTI 4X4-0JOKIB 3 OJHAKOBUMU
3HAYEHHSAMH SICKPABOCT1);

4.3. HAxwo dRi(O'l) >0, mo kR“Y =kR"" +1 (kR"" - kinbkictp MaTpuIlb y
IMOCHITOBHOCTI 31 3MEHIIEHHSIM KUIBKOCTI 4X4-0JIOKIB 3 OJHAKOBUMU
3HAYEHHSAMH SICKPABOCTI);

4.4. Axwo dG,.(O‘S) >0, mo kG =kG"" +1 (kG - xinbkicTb MaTpHIlh y
IMOCHITOBHOCTI 31 3MEHIIEHHSIM KUIBKOCTI 4X4-0JIOKIB 3 OJHAKOBUMU
3HAYCHHSAMH SICKPABOCT1);

4.5. Axwo deO'zs) >0, mo kG =kG""* +1 (kG** - kinbkicTb MaTpuIlh y
IOCIIIOBHOCTI 31 3MEHIIEHHSIM KIIBKOCTI 4X4-0J0KIiB 3 OIHAKOBUMH
3HAYCHHSIMH SICKPABOCTI);

4.6. Axwo dG"" >0, mo kG*" =kG*" +1 (kG"" - xinbkicTs Matpuup y
IOCIIIOBHOCTI 31 3MEHIIEHHSM KIIBKOCTI 4X4-0J0KIiB 3 OJHAKOBHMH
3HAYCHHSIMH SICKPABOCTI);

4.7. Axwo dB*> >0, mo kB =kB"Y +1 (kB - ximpkicTh MaTpump y
IOCIIOBHOCTI 31 3MEHIIEHHSM KIIBKOCTI 4X4-0J0KIiB 3 OJHAKOBUMH
3HAYCHHSIMH SICKPABOCTI);

4.8. Axwo dB"* >0, mo kB"* =kB"* +1 (kB“* - xinbKicTh MaTpump y
IMOCHITOBHOCTI 31 3MEHIIEHHSIM KUIBKOCTI 4X4-0JIOKIB 3 OJHAKOBUMH
3HAYCHHSMH SICKPABOCT1);

49. Axwo dB"" >0, mo kB®" =kB"" +1 (kB"" - kinbkicte Mmatpuip y
IMOCHITOBHOCTI 31 3MEHIIEHHSIM KUIBKOCTI 4X4-0JIOKIB 3 OJHAKOBUMH

3HAYECHHSIMU SICKPABOCT1).
Kpok 5. O6uucnutu:

(0.5) (0.25) (0.1)
PR = kRT -100% , pR*> = kRT -100% , pR" = kRT -100% ;

(0.5) (0.25) (0.1)
pG* = kGT 100% , pG'** = kGT 100% , pG“" = kGT -100% ;

(0.5) (0.25) (0.1)
pB®Y = kBT -100% , pB*® = kBT -100% , pB" = kBT -100% .

Kpok 6. [lerexTyBaHHs HasiBHOCTI/BiacyTHOCTI JI1.
6.1. Axwo

(PR <T AND pR®* <T)OR (pR®® <T AND pR®" <T)OR
(pR>® <T AND pR®" <T)OR
(PR <T AND pR®> <T AND pR"" <T)
mo C,,C,,...,C, MicTaTbh BOynoBany /Il y uepBoHiil KonipHiii CKIIal0B1i;
6.2. Axwo
(pG®¥ <T AND pG®* <T)OR (pG®® <T AND pG®" <T)OR

(pG©* <T AND pG®" <T)OR
(pG"*® <T AND pG** <T AND pG"*" <T),

mo C,,C,,...,C, MmicTaTh BOynoBany /Il y 3eneHiil KonipHii cki1an0Biii;
6.3. Axwo
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(pB® <T AND pB®> <T)OR (pB®¥ <T AND pB“" <T)OR
(pB*® <T AND pB®" <T)OR
(pB®® <T AND pB°>® <T AND pB°" <T)
mo C,,C,,...,C, MicTaTh BOynoBany /I y cuHii KonipHii CKIagoBIi.

Jlnst omiHku e(EeKTUBHOCTI po3po0JieHOTO anroputMy y cepeaoBuini MatLAB Oys
MPOBEICHUI 0OUUCITIOBATIBbHIN eKCIIEpUMEHT Ha 0a3i HACTYIMHUX HU(POBUX KOHTEHTIB:

= 367 BimeonochigoBHOCTEH po3mipom kaapy 320x 240, 36epexxkeHux B (opmari 3
BTpaTaMH, SKi OTpUMaHi Henpo(decioOHaTbHOI KaMepolo, a TaKOX pOJIKM, 3HATI Ha
MoOUThHUI TenedoHn (Habip 1);

= 49 BigeomnocnioBHOCTEH po3MipoMm Kaapy 176x144, 36epexxenux B Qopmari 3
BTpaTaMH, SIKi OTPUMaHi KaMeporo 3acTapiiioi Mojaemi MoOuTpbHOTO Tenedony (Haoip 2);

= 60 mocmigoBrocTeit 13 3 [13] po3mipom 256x256, 30epexkeHux B gopmarti 6e3
BTpart (Habip 3).

Crhim 3ayBakWTH, IO T[epeBara HAJAEThCS BIJCOPOJIMKAM, SKI 3HATI KaMmepamu
MOOUTBHHX MPHUCTPOIB, OCKUIBKH BOHM € Haipo3moBcrokeHUMHU. Taki L[B 30epiratoThest B
¢dopmarax 3 BTparaMu Ta MarOTh po3mmpeHHs *.3gp abo *.mp4. LIB B ¢popmarax 6e3 BTpaT y
npoctopi Internet maiie He 3yCTpPi4alOThC.

[TepBunHa BOymoBa /Il 3xiiicHIOBanachk JuIIe B OAHY KONIPHY CKJIAJIOBY, BHITAKOBO
oOpany mns koxHoro LB (koxnoi mocmigoBHocti 113) 3 IIIC 0.5 6it/mikcens (B KOXHUM
apyruii 6it), 0.25 Git/mikcens (B kokHMHA uerBepTHii 0iT), 0.167 GiT/mikcens (B KOXHUIA
moctuit 6it), 0.125 GiT/mikcens (B KoxKHUN BocbMuUl 0iT), 0.1 6it/mikcens (B KOKHUN AeCATUN
6it). BOynoBa B OfHY MOCTIiifHY KOJNIpHY CKJIaZIOBY OOYMOBJIEHA THM, IO Y CYCITHIX Kaapax
[IB MOXyTh BiIpI3HATUCS JHIIE Ti AUISHKH, K1 BIAMOBINAIOTH PyXy, a (OH Maibke He
3MIHIOETBCS, TOMY SKIIO 3ailcHIOBaTH BOynoBY /JII y pi3HI KOMIIOHEHTH KaapiB, MOXKHA
3amiio3putu HasBHiCTh [II y IIB mpocTuM mMOpIBHSHHSM KOJIPHUX KOMIIOHEHT CYCITHIX
KaJIpiB.

Ha ocHoBI netektyBaHHs HasBHOCTI/BiacyTHOCTI I y mudpoBOoMy KOHTEHTI BU3HAuUEH1
NOMUJIKM TEpIIOro Ta APYyroro poAy Juig moporoBux 3HaueHb 7 =04 ta T =3, 4Ki
npeJcTaBieHi y Tadn. 3, 4 BiAMOBIIHO.

Taéanns 3.
EdexTuBHICTh JeTEeKTYBaHHS HassBHOCTI/BiACYTHOCTI /I y 1MppoBUX KOHTEHTaX Mpu
T=04,%
HaGip [MIIC, 6it/mikcens
wapposux | Tommkn 0.5 0.25 0.167 0.125 0.1
KOHTEHTIB
Habip 1 1-ro pony 0 0 4.63 97 100
2-ro poay 0 0 0 0 0
Habip 2 1-ro pony 0 0 6.12 53.06 87.75
2-ro pony 0 0 0 1.02 0
Habip 3 1-ro poxny 0 0 0 5 48.33
2-ro pony 5.83 5.87 6.67 6.67 5.83

Sk BunHO 3 Tab61s.3,4 3anpONOHOBAHUN CTEraHOAHATITUYHHUM alrOPUTM € e(PEeKTUBHUM
s [TIC 0.5, 0.25 Ta 0.167 6it/mikcens, Ha BiaMiny Big [IIIC 0.125 ta 0.1 6it/mikcens.
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Tabauus 4.
EdexTuBHICTh neTekTyBaHHS HasBHOCTI/BiACYTHOCTI JII y i poBUX KOHTEHTAX MPH
T=3,%
Ha6ip II1C, 6it/mikcens
waposux | - [Tommmcu 0.5 0.25 0.167 0.125 0.1
KOHTCHTIB
Habip 1 1-ro pony 0 0 0 74.11 98.91
2-r0 pony 0 0 0 0 0
Habip 2 1-ro pony 0 0 0 6.12 40.82
2-ro poxy 5.10 5.10 5.10 5.10 5.10
Habip 3 1-ro pony 0 0 0 0 0
2-ro poxy 49.17 45.83 49.17 48.33 50.83

OxpeMoro 3ayBaXeHHS IMOTPEOYIOTH pe3yiabTaTH IETEKTYBaHHA Juid Habopy 3 mpu
T =3 (tabn. 4), ne MOMHUIKHA Tiepmoro poxay ckianatrote 0% Hasite npu manii I[IC. 113
Habopy 3 30epexeni B ¢opmari Oe3 BTpar, KpiM TOro 3aBISKH HEBEIUKOMY pPO3MIpY
300paKeHb BIJICOTOK €JIEMEHTIB 31 3MCHIICHOK KIIbKICTIO 4x4-0JIOKIB 3 OJHAKOBHMH
3HAYEHHSIMU SICKPAaBOCTI B HE3alOBHEHII KOJIpHIA MaTpuIll 3HAXOAUThCA Y nianasoHi Big 0.6
no 6 (mpum IIIC 0.167, 0.125 ta 0.1 6it/mikcens), Ta Big 0.5 mo 11 (mpm IIIIC 0.5 Ta
0.25 6it/mikcens), came Tomy npu T =3 y HabOpi 3 HE CIIOCTEPIraeThes MPOIYCK HASBHOCTI
M1, ane 3HAYHO 3pOCTA€E BiJICOTOK MOMUIIOK JAPYroro poxay. ToMmy moporoBe 3HaueHHs T =3
MOK€ BHKOPHCTOBYBATHCS JIMIIC Il HU(DPOBUX KOHTEHTIB, 30epekeHMX B ¢opMaTax 3
BTpaTaMH.

BucnoBku

Y poboTi  3ampONOHOBAaHUI  CTETAaHOAHATITUYHMNA  aJIrOPUTM  JETEKTYBaHHS
HasiBHOCTI/BiacyTHOCTI BOynoBu [l y mocmimoBHocTi 1[3/Bineo mociigoBHOCTI, chopmMoBaHOT
meTtogoMm LSB 3 manoro IIIIC (ue Ginbie 0.5 6iT/miKCKeNs).

BcranoBieHo moporoBe 3HauYeHHs NIl KOHTeHHepiB B ¢opmarax 3 Brparamu 1 =3
HE3aJIeKHO BiJ KOJIPHOI CKJIaJ0BOi, OJHAK aJIrOpUTM MOKE€ OYTH BHUKOPHUCTAHO SK
yHIBepcaJIbHUH (K A1 KOHTeHHepiB B opMarax 3 BTpaTaMH, Tak i1 B ¢popmarax 0e3 BTpar) 3
noporoBuM 3HadeHHAM T =0.4. Hdna IIIC 0.5 ta 0.25 6iT/miKCenb CTEraHOAITOPUTM €
e(eKTUBHUM, TOMUJIKH MIEPIIOTro poay ckianarTs 0%.
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CTETAHOAHAJIMTUYECKUI AJITOPUTM, OCHOBAHHbBINA HA AHAJIU3E

NPOCTPAHCTBEHHOM OBJIACTH IU®POBbIX KOHTEMHEPOB
J.A. Maegsckuii, A.B. AxMameTheBa

Opnecckuil HAMOHAJIBHBIN OMUTEXHUUECKUH YHUBEPCUTET,
np. lesuenko, 1, Onmecca, 65044, Ykpanna; e-mail: anna-odessitka@mail.ru

B pabote nmpeanoxeH cTeraHOAHATUTHYECKUH alrOpPUTM, OCHOBAHHBIM Ha ydeTe pa3iudui
XapakTepa W3MEHEHHH KOJIMYecTBa OJIOKOB C OJMHAKOBBIMH 3HAYEHHAMH SPKOCTH
I[BETOBBIX MaTpPHI] MOCIIEI0BATEILHOCTH N300paKeHUI/KaIpOB BUICOMIOCIICA0BATEILHOCTH
B pe3yjibTaTe IEPBHYHOTO M MOBTOPHOTO BHEAPEHHUS JOMOIHUTEIHHOW HH(MOPMALNH.
IIpennoxeHHbIN CTEraHOaHAIUTUYECKUI aJTOpUTM OCYILECTBIIAET aHanu3
MIPOCTPAHCTBEHHOHN 0071acTH HHU(POBBIX KOHTEHTOB (Kak B (hopMaTax ¢ MOTEPSIMH, TaK U B
(opmaTax Ge3 MOTeph) W HANpaBJIeH HA BBIABICHUE HAJMYUS BIOKCHHS JONOTHUTEIBHOM
MHQOPMALMU METOJOM MOAWGHUKAIIMY HAaUMEHBIIEro 3HaJalero OuTa ¢ He3HAYUTENbHOI
CKPBITOH MPOMYCKHOW crmocoOHOcThi0 (He ©Oomee 0.5 Our/mukcens). [IpuBeaeHsI
pe3yIbTaThl BEIYUCIUTEIFHOTO KCIIEPUMEHTA.

KnaiouyeBble cioBa:  CTETaHOAHAIMTHYECKMH  QITOPUTM, MeToJ  MoJudukammn
HaWMEHBIIIEr0 3HAyallero OWra, NPOCTPaHCTBEHHas OOJIACTh KOHTeHHepa, umppoBoe
n300pakeHne, OUQPOBas BHJICOIOCIEIOBATENHHOCTh, (opMaT XpaHEHHS C IOTEPSIMH,
(hopmat xpaHeHHs O6€3 MoTeph

STEGANALYTIC ALGORITHM, BASED ON THE ANALYSIS OF THE SPATIAL DOMAIN OF

DIGITAL CONTAINERS
D.A. Maevsky, A.V. Akhmamet’ieva

Odessa National Polytechnic University,
1 Shevchenko Ave., Odessa, 65044, Ukraine; e-mail: anna-odessitka@mail.ru

The paper presents the steganalytic algorithm, based on the accounting of differences of
character in the change of the number of blocks with the equal color brightness values of
color matrices of sequence of images / frames of a video sequence as a result of primary
and repeated insertion of additional information. The proposed steganalytic algorithm
analyzes digital content in the spatial domain and is aimed to detect the presence of the
embedding of additional information by modification of the least significant bits with a
small hidden capacity (not more than 0.5 bit / pixel). Results of computational experiment
are shown.

Keywords: Steganalytic algorithm, method of the modification of the least significant bit,
the spatial domain of the container, a digital image, a digital video sequence, losses format,
lossless storage format
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