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METOAH CTPyKTyPHOTO (OAyBAHHTI AAHI4X
y 3AtrAr{AX CTETAHOTPAOIi

O. K. Iolirt,I-p rexH. uayr. /i. O. Kypittr'

Haqiona,rrunii aniaqiiirruii vttinepcure'r

kszi.ukr.net

3anpLnouctenrto cttttciS npt$o6\'6aHHq, axttil epuxoe|e .vemoO dt;ttosuatioeo?o cfilpyKrn)|puoto rody6(r1+tst, [.t ne-

lted1urtac't.viu1; iHgqeHHJl (',?tl)t'Kti:q?Htrx o3HqK zo(lpal{enua :,'iduo li t.ttiL'ntt).v cti}tctnHo.-o noeido,v.teuutl. 3a-

nponoHo+aHuit.r,remoo ttpuroct6aHH,n c'er;pewHozo nt;eioo.v:ertua c ilep.txo-t,to.t4); so6patr-'euui peatisocautrir npo-

<tpavLro ;acoSavtt L{athcad. ButHarreuo ocuorsui ttemlttl;tt, axi xapaKntcpu.jt'tt)ntb HKicntb nl)Ltxos)'6aHHa. Polpa-

r(xJitHo rntctorsi. iHar\etrHn tpN xapilKilrcpucnluK dta. mec'moeoto so6prn+r'euuq-xrtHilteituepu.

Knroqoei cnoea: crpyKrypHe KoAyBaHHc, crpyrrypni 03HaKn, creraHorpa$ivre npraxoayBaHHr, crefanorpaQiv-
unr,r rourei luep.

7-he mctltocl of concettlmenl, whic'h tukes inlo uccounl the method o/ bi-signecl structural coding, trnclforesee,; the

cltunge ol vtlue o/ struc'tw'ol signs o/ image in obeclience to mainlenance oj secret messctge, is tt/ferecl. The ql-

-fered methot! o/ c'cutc'ealment of secret tnessdge in a static irncrge i,s realized in progt'am usiug th.e llt[athcad. Bu-

sic c:lturucteristic:,s v'hich charucteri:e.c clualit.t, of coucealment are defmed. The ntnnerical rtrlues of this charac-
!aristics are c'ulc:ulated fot, a test image-cctttt,tirtt:r.

Keywords: structural coding, structural signs, steganographical concealments, steganographical container.

Bclyn  E:C x  M -+  S;

iu$opuaqix c oilnn\,r 3 HaiiBa)xjrnBir-rnx pecyp-
ciB cyqacHoio )lulrrfl. flourupenHx rrro6anbHI.IX
Kovrn' rorepHr'rx N'repeNt 3po 5fino orptlMaHr{fl Jlocry -

II)' .1o ]iei Ha.il3rlrrqaiiHo rrpocTnll.
Bo.{soqac -r-rcrKicr}, i ruuu-qxicrr raKoro {ocD'n}

3Har{Ho ni,luuilllrJTr.r 3arpo3v rlop},[reHHr 6esnexu

Ial{i lx ::a ni;qc3"r'rrocri raxolie ni. lnouro ix eaxrcrl ' ,
a caNte 3arpo3)" HeaBropu3oBaHoro locryn]-no is-

$opuauii.
3aAa'{a ualliiirroro 3axircry aBropcbKux lrpaB,

rtpar+ ilt lelerlr a,rruoi s.racr'roc li a6o r.ioluli:lenrdii-
HHX laHtrx Si.q HeCaFTKUiOHoBaHoFO .lOCT)'[I! Ct O-
ro;ltt i  ed]crmano p03s'n3ve'rbcrr 3a IOlror\roroHl cre*
ra r ro rpa tp i v r r r r r  N re  r  o .  l i s .

3an.lasusu creraHorparlri i  er rrpuroB] BaHHr ca-
iltolo Qarrf icrry-eaHHr ceKpcrHrlx Aannx npu ir
r repellaqi, s6epi r-arr ri a6o o6pcr6qi.

l l ix npuxoeaHHrNr i*rynauur ir$opuauii Maerb-
cr tra 1,wti He irr{[re uel,ioircrtrsicrr, BI{tBJ'teHHt B
repexoftrerrot{\ '  loBii{orrlrerrni rrarsuocri ceKpe'[-
HHX NAHTIX, ATIC i B3ATANi I HCIiIOX,TUtsJTCHH'I BHH}IK-

HeHHs 61'4r-x2.x nigorp i: uuor,r npuao.li '  [].
Crelanorpaif i 'rHnri ' la\nc r : lgi i i*uoc'rlcir pi 3 n u-

r't l t cnoco6aun.
3aralsgoro )K o3HaKolo raKlrx cnoco6iB € Te. uro

lrpuxonvBaHe rrori. lolrLrerrnx edr;loR,\ cr-r,cr B /le-
qxHt"t o6'exr'-rtonleirrep, i{o rre npllBepr-itc 1rs3ru,
rxufi noriu rignplno [epega€]Tl,cs agpecaroei. -fr
cerperne uoni;1or,lleuufl i xor.rrei-rrJep MoiK.vrb Bu-
cryuarH rK 3Bnr{al"iHl,I}"1 r'eKcr', r'ar i $aii,'m r\ryrblu-
ueAifisoro $oplrary.

Ilpouec rprBianbHoro creraHorpaSiuHoro nepe-
TBOpeHH9 OIru Cy CTbC rr 3iL.re)r(HOCT.rrMrl :
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rc S. 1/.(' - Mrro)d.irrHa KoHreiiHepir-pe:r'mrarin

(clerarrorpau). r:expelunx noeilourrellb'ra lopo)ti-
H i x  rou rcXHcp ie  e i : noe i1Ho .

3arrexHicrr (l) onucye ilpouec rrpHXoByBaHHs
iHdtopuaqii. 3a.rrexrricr.r, (2) - rn4o61'nanm npu-
xoBaHoi iurf opmauii. I lco6xi,qHoro yN{oBoK'i nplt

uboNrl, e nigcyrnicrb (rreperl.IHaHll{)). ro6ro" .gxruo

nl i t+nt ; ) ,  Ipur toMy t1 l ( . t 'n i ,€M .  a ( .c , , , t t ' t , , ' ) .

( c , . ^n t r )  e  , 9  ro  E (cu .u t . , \ r - ,  E (c ' u "m, , ) : 0  .

Kpiu roro. nsoSxi,lHo, u1o6 no'ryxsicrr, naHo-
xnuu | {: l>l M | . Ilps uborvrv o6u.qna alpecaru (ri5-

|rpaBHIrK i o;1ep>xynau) rroerrHui 3HaI14 aJlropt{I \ l

upr\Iofo i1i) ra o6epuerroro (D) crer:ar-rorpa$iu-

rrof0 l lepel'BOpe]lHr.
Icnve ne.uuna ri:rr,ricrl crrocoSie ri 'racn$ixauii

crcra Horparf i q Hr..( Mero-li s.
3ri4rro 3 ojlrrHN,r 3 Hrlx 3a rr{rloM xotrreiinepin

po:pisruiorb i\reTo.4H, ulo Bt4KopncToByloTl TeKcr.
ay,ciolaHi. 3o6paxcHHr ra si,IeoAaHi. KoNnLril su-

llrreulrff rurac :opicrrroBaHo Ha MaKcHMdJrbrte Bt{Ko-
pHcrarll i l  oco6iraBoc'rei.r BirrronirHoro'ruIIy KoIi-
reiiuepin. Ilanpunra4. rpa$iuHi \{croAr{ BIIKopHc-
TOByTOTb OCO6JTUBOCTi :OpOeOi CHCTeT\rlt iIIOJIT{IJ11.

r  ar i  rx  . t r  l rHsic  l r ,  : lL l  N() lu  pact l  .  po: t r ipy.  $t rpvrr .
KoJrLop\/. l,ricqeno:roxeHH.fi. AV.qioNf eToltl BHKop HC -

TOByI'OTb [{OAenb Jr}OACbKO|O Cnyxy Ta OCHOBHi nC}l-
xoax)'crurrHi npzu4rnu [1 ].

Ei,rr,uiicrt locninx(eHb [pucBtr{eHa BHKopHc-
TaHHIo qK creraHoKoHreilHepie cavc :o6paxeHl. i-lc
o61,uon,reuo raKulllr npnuuuarrru [ ]:

- J t t

rl '
Lt

O O. K. IOrriu. K. O. K1,'piui,.20l2
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- lcrrvBallHsr.r rrparTnr{Hoi neo6xi,rlrrocr.i laruc-

ry uu{rporHx $ororpa$iii. lrapruH, ni4eo ei1 nprr-
TI4:raKo HHoro rupar,KyB au ru ii p o I uoBcIoI)Ke H H g I

- ni4nocHo BeJ.rHKr.lN,r o6cqroNr rluQponoro
ttpeilclaB.rleunl :o6paxeu;;

- 3a3ranefi4r, ri4owrHnr ($ir<coaaHunr) po:lripo,u
xon't'effrrepa, ri:1cyruicrrc o6rtrexeHb. rrlo HarulaAa-
IOTLCTI BHN,IOraNIH IIpHXOBaHHI n pca'rluonn' uaci:

* uaqsnicrrc u 6lrbruocri pea,unux :o6paxtcur,
TcricrVpHHX o6.rracrcii. illo N{alrlrb ut\.]\4oBv crpvx-
ryp)' i raiinpaulnu qhHoNt ui.qro.lgn q.r.a n6yqor,v--
BaHH.rr i ucboprrlarliil

- cla6noro .ryr':ursicr-ro Jrlo.fchliofo oKa jlL) He-
3rraqHHX -snairr xcl,ruopie :o6paNeuu.n. iit'rr.r_r rcKpa-
nocri. xclrrlpac'rnocli. nlric'r_r R Hbor\r\, ttr),r\r1,.
cnorBopeHL no6:ru:y rioHrl'pin.

Taxuu quHolr, oIHHI\t s Haiisax,Tueiuux 3as-
raHb cvqacHoi' iHrfopvaqifiHoi 6e:nenn er po:po6xa i
pea:ti ' :aqir uoBl{x cTerarr0rpadriquux rrlerolie rrpu-
\oBy r lar  rHr  r laHlJ\  )  :o5pgu,a, ,nor .

flocrartonxa 3aBAauHrl

Mera laHoi crani - po::po6:reuns cnoco6v
rIpltKoBYBaHH.rr IaHHx y HepvxoN{ux noBHoKo-rtbop0-
uux :o6paxeHHqx 3 \rpaxvB:tHHqM NreroniB crp\ K-
lrypHor'0 KoJl),BaHHrr.

!o:an4aHs 4oc:ri1lxensfl HaJrelKa rb:
- po:po6neHHrr zt,.rropr{rM}' [pnxoB-vBaHHr .4a-

HHX )' Hepvxotror\tv -:o6paxienui, 
$oplrynaHHr N,ra-

reuaruqsoi l,lole:ri creraHorpa$iqHoro ncperBo-
peHtur;

- crBopeHHr rporpaN,rHoi nroge,ri. lna pea:ri:o-
eye pospo6leHv MareNraruqu-y;

- BH3HaqeHI{-a ocltoBl{H\ noxa3rturcis troc.rl
rpr4xoByBarrnfl IaltHX 1a npoBelcHrrn ix po:pax1 uxt
1,u peali:oBaHoro Mero4y.

Ilpuuqun nprrxoByBarrnff

Iiy1r,-rxe robpaxeur rl r\rr))h-Ha irlr epnperl,caru
qel)c3 c\  xr  nHicrs opraHirosaHu\ \  \Jarpuuru n iK-
ce"rris. Ko,,ri,opoBe :lobpaxeHru C npe.rlcraerrrcrbc{
rlepe3 ilr{cKpeun' tb1,'HX4irO, _8Ka Blt3}laarac ReK.rop
I(oxbopy C(X, r ') I. l lr Ko)Kltoro rrixce.'tx 3o6pax(eriltt

ia,-1r).,Je 3Hauelrl lf i  Konbop\, 3aAae rp]rxc\MrloneHT-

HHi. i  BcKr()p r  r to . r ipuorrv npocropi .
I {afi 6 i.rrur fl orrrupcHr{Nt c noco6or,l [epc.qaBaHH)r

Konl,opv €r t\{o4erb RGB, r,sniii ocnosHi lio,uopr.r -
vepnorrufr. :e,'reunfi i cunifi. a 6yl1l,-lnu[ iuruafi
xo:rip lroNe 6ylu npe:qcran,renufi y nur:rx;1i ]Ba;.he-
r ro I  cy  r r r r  ocHoBtn t \  xo . ' r uop ia .

Renirop Koirbopv c(.r, "y) y RGB-upocropi

npeACTaBnre iHreHcllgHicrs ocHoBHHX xo:rtopin.
Koxen BeKrop Konbopv sense co6orc BocbMu5iroBe
Ui,re qnclo. Posr,lgHet\4o. IIKHM rlHHoN,I uoxua :giii-
cr{l4Tu n6y4onynatrHr cenperHoro rroeilorurJ'leHtur v
xorrreilnep 3a pax),Hor{ MauiryTlquiii xo,ripHnurr
cxraAoBprrvrlr {R(x,1l), G(x, J,), B(.r..1,) } .

3r'pvnr.etro lixce.ui xoxHoi KoMnoHerr.ra rco,rip-
rroi nri4eri RGB 1, 6,'roxu 8 x 8. uro rra3uBalorbct
c'e.-.t|eHrltu-14u. -f,rrUcl rlucJlo pqrrrcig a6o croslqaxie
enxi.qHoro :odpaNeHur He KparHe 8, ro nepxHiii
pq,1oK i lpanufi npafiHifr c'roBltrtrlKl{ troBTopKlrorbct
r ror  p i6rr r  rc i , rurc ieru pa: in .

Tannu rrHHoM. rKrr{tl po3Mip po3ruupeHoro go6-
pa,,rieHHrr-KoHreEHepa craHoBHTb m x n nit<ce.nis. ro
ccrr \ rcHrH 61,a1 ru opraui rosaHi  s  ,varpnqn pornaip-

u i c ' t - i o  A , [ x N , ; \ e  X . { = L , u . \  = { .
I t .  t t

flx vare 3a3Har{turoc[. Koirilre 3 rir,rcJroBr.{x 3r]a-
qeHL ).- cerllerni flpe;qcTaBn_s€TLcf, y eur:u5i
8-6iroeoro ;lsiiixonoro uHc"ra. ro6ro rpocropoBo
xoNlrufi cefrvteHl MO?Klta npelcraBnTu v nut-.rrx1i
napa.rre,renirregy po:r,ripsiorro 8 x 8 x 8 .

;-[ec-al'noni 3FraqetrHr npeilcraBncnHJr AaHux y
ccrltcuri (po3pocralorbcr)) \, r:rx6nuv- Ha 8 6ir.
Koxeu cefNlellT cKJrajlaerbgt TaKLII\,I rrlrHoN,r 3 BOcb-
uu ruapin.

Koxes 7t-i1 map e cvxvnHicrlo p-x 6irte reiirxo-
BO|O npclcTaBreHHs qcKpaBocTr'ii clila-toBl4x xo-
:ripHllx KoNrnoHeHr. rc p e0...7 .

C)ucen.quo. ulo Hy.rtboBraii ruap e ct'x1'nnicrrcr
uafr rreH ur 3 Haq,v ulrrx 5 iri n (H3E ) :l o6paxreHur .

llpnuqr.rn r tpocropoBoi crpy'xrvpn:ar1ii cer-rren-
rv :o6paxeHHfl Ta BrrrJlril H.vJl;oBot-o mapy uboro
cerNfeHry:obpaNeHi Ha pnc. 1. u. (. ' . siAnosi.lHo

OueRu;1rro. lrlo rropr,t.loK po3Tarttyearrntr 6irin
u rap \  BH3Haqac  l r cRu i  u rp r  r r l p r r i  : axo r rou ipHoc ' r i
Aniiixoenx noc:ri,rogHocreii (ffi), xri vrnoprorou
qeii urap.

I{i :axorronaipuoc'ri \rorK}ra orflcara 3a l lolroMo-
rorcr crpvKr)'pnux o:Hax l2J.

Cepeg saii6intur iH$opuarneHlrx crpyKrypHux
o:r tax Ra4i .  u l r t r tu  tar i :

L Berrop A - :adoporra ua florrRy Ha fleslir"t
no:u uiI o.rHHHqHoro eJleN{eHTa

( . \  -  { i , } .  i =  7 . . . r r t .

/1e 2r, -* o3HaKa Jlo.rIBH na i-ia I]o:al1ii O.qnrrHqHoro

eJ'Ier.{eHTa. xxuqo 2u, = 0, To ua i -it no:uuii :a6opo-

IIeHo rlo.nBa oAulfHr{}{oro e.lrcr{elrra, antrlo }", = 1, To

uaanaru)t no:ruqil, Ha -flKux :a6opoueua rroqBa o.{L{-
Hllqr. po:6nBalorr, nnxi,qHv ffl na rar:eaHi lorryc-
rnui roHrl ([3).

2. Kl'r lr icrr cepil i ogaHuqr $ e /[t.
I lanpunrra4, 3HaqeHH.rr crpyKrypHiax o3HaK,qnfl

IryJrhollor-o lrapy ceflrerrly :o6paxetrl i l t, roKa3aHo-
ro Ha pnc. l. r,,, naee4eHo s ra6r. 1.

y npaqi L2] orrucaHo Mero.l .qtsoo3HaKoBoro
o'fpvKrypuoro KoA/Bar{rrr ({CK) gnifixoeur taHHX.
C1,'r:r ;laHoro N.reroily lo.ilrra€ v $opnlnaurri xo;ly-
HoMepa lII i : 3a4aHnl{ 3HaqeHHrrr crprxnpHoi
03HaKU.
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J)1fl
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trBII
qae

fo ''l

7'a5",tuun I l oB

fipnn,railn 3HaqcIIb crpyl{rypurtx o3HaK

Pulrt U 7

Crpyxrl'pHi olHaKtl
ftoc

\ter
Hll)

f o ,

,f,ot
A

l-a n3

Ker;q-rrouep ll lLI $opr,ryellcr 3fi l1uo 3 reope-
MoK) npo n1.'nicpaqirc rBoo3FraKoBIDi crpvKTVpHHx

.qsifrKoeux qrrceJ,-r l2l lm 3a.raHr4x napauerpir no-
c:rillosuoc'ri: Bei$opa o6lrexrenl ua rro:nuii t-lJlu-

rrnrp, A i rexr:opa O oduexern ua xi,rrxicrb ce-
piit o;lurtulh -v lonycrnMlirx 3onax.

flporlcgypa .qBoo3HaKoBoro Ko.qyBariHx e o6ep-
HeHoro. To6ro 3a KoAoM-HoMepor\{ npn Harnuocri
3rraLrerrb crpyrilyplrHX 03HaK r.roxrHa a6corrortio
oAHcl3HaqHo sirHoswrn nuxilHy- gniiixonl' no-

c,lriAoeHicrs.
3anpououvel{o Meron rprrxoBYBal{rur Aa}tHX. Iro

BHKopHc  roB \  c  BnKJ ra - l e r r i  syL r te  c rpvn ryp r r i  B , l ac  I  H -

nocri :o6paxcHr.
1. Ilopcrxorc :o6pa:xenrrn-xoureiiHep po:6ura-

eTE,Cq Ha CefMeHTH 3a ilpaBI,tJrON.r. OrIr4CaHHIt Blrrqe.
2. [Stx Ko]r(Horo i, i -ro cerNreHrv :cl6paxeHun.

.qe i e 0.,. lu[ -7, j .0...Ir -i . Ba3Haqaxl'I 'bc-r

crpyxrvpui o3HaKH: BeKTop:a6opou Ha rrolB]" oAH-

HI{qHoro eJIeMeHTY 4,., ,, Anf KoxHofo p-ro urap\'.

te p e 0...7 " xi"rrrricrs cepili oAI{HHub v KoxltoN '

/ -n1 '  (  I  e0. .7 )  crornunry '  p  - ro rupi  ($7) , . i .p .

tseKrop ((D,),,,.r, o6nrexcur, Ha iIHC,'to ccpiii o4l.tullut

.V J{OIry CT}IlvIItX 3OIiaX KO)tlIOIO CTOBIIqHKa.

- i . R u r r r a q u l r o  3 l t a q c l l l l r  r < t t . t i s - t l r r r r e p i n  . I n r

cronnqnxis KoxHoro rlap.v ncix ccrMeHrie sobpa-
xeHHJ{. flpoueaypy ACK I'raHotu.v BI{naAKv I\{o)KHa

dropuatrruo orrucarrl upaRuloM:

( . \ { ' . 1 / 1  ) , . ,  r : l l l . . \ ,  f . ( O ,  ) ;  r . l '

4. Bueceno :viHu l' sHarIeHHn orHiei :i crpy'n-
T\rpr{HX o3HaK - BeKTopa o6nextenr ua nosnllil
oAHHr,rqb A. llpnnycruMo. uro seo6xiArio nprrxoBa-
rn r :o6paxenrri ceKperHe rtoni4oulertsx MES
-loB;.1*rloru /. cH veo,r ie.

N,{

I

H
(r\
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Koxeu cu1\rBoJI Ko.Ilv€r'bcn nocntr.r6iroellNl Ko-Io \l

ASCII. .qecrrrxoBe 3HaqcHHr sxoro sN{iH}o€rbct B

Me)r(ax ei.r 0 lo 255. Pa:onr 3 rHM KoxrHe 3HaqeHHt

A,.,.,, {B,'I{e co6orc BeKTop, Ha noNniii 3 BocbN{H

no:uuifi flKoro 3naxoi\r4'rbcx 0 a6o 1.
'fo6lo 

4aunil BeKrop \lo;,KHa iureplpc'ry'earu tK

aei f txoec qHcr ' ro (ncprra noluuin y scxropi  Bt43Ha-
qac lvro,,lo j.(ruizir 6 i'L), ilecsrKoBe Ilperrlc'raRJ IerIlIJt tlKo-

fo'raKox gl'r ixxrerrcs B Mexax nil 0lo 255.
V npoucci  f lpuxor lyBaHnr lanis lvo JectrK()Bi

3Har{eHH-rr eerropin oSuexelrr ua no:uqii ollH}rr4tIl)

Ajrq KoiKHofo }fy-rrLoBofo lllap)' cerNreHrie :o5pa-

xeHHq Ha 3HaqeHH,q ASCII-ro,riu cuN,{eoilie no-

sirolrletltq .Iy'ES:

A  *1^ ' , 1 . i , , ' n ; . n  =  I IES  ̂ ,  f  e  0 " "L  -  l '

3a:naqnuo, ulo i{oB,ltxna rtoeilolt.reHlrl Mac 3a-

.IoBOJIbII.tr"fI4 ]'1\4tlR1i' L < M x N .

5 . R Harra.{M Nt o 3} iarle} It{r 3axo1loBal{ux llni I"txo gtr x

uoc:ri.qosuocreii sri,xut-r 13 orpHNIaHIiNIIt Ko.qaMLr Ho-

uepie ra crpvKrypHrrx o3HaK 3 ypaxlrBaHHJIN{ BHecc-

uux :ruiu. I lpoqeal'p,\ '  ABoo3HaKoBoro crpvKlyplio-
ro .qcKoryBaHur (lC!K) y qr,oN{}' BHnanKy Mo)KHa

iiroplra:rrHo onucarl4 npatsHJroNl:

.4* :  F ' [ (NUMt) ,  r . , , .  , \  
* , . ,  

, . (@,) i .L  pJ.

Bignor:reui AII cr,raAarorb crpyxryp)' 3arIoBHe-
Iloro crelal{oxorrrefruepa.

BurcrageHuii BHUe npullqnil flpaxoBynaHrul ceK-
perHr{x r{aHr{x Moxna np o i,rrocrpyy aru p uc . 2 .

X,,rg si,xHoe,'IeHH.rI ceKperHor-o nosiAoru,TeHHg

.4OCTarHr,O po3paxlBaru 3HaqeHHr BeKTOpa O6lte-

ir(eHb Ha no:nrlii o.qI{HIru6 nnq Koxffioro HJ-.lrboBoro
ilapy cerNlerrris o'rpnNraHoro :o6poxeHna-xoit-
reIuepa.

3a paxyHox roro. ulo cltiHu sHocnrbct{ y crpyK-
TypH)' o3liaxy. rrna onr4cye 6irosnii nuicr urapie

lroSpaxenrrn. rr.lo Bl,r3Har{a}o'rb c}'K\'rruicr; uaiir,reulu

3Haq)-ulux 5iria. reoperl4rlHo cllorBopeHHs, lKi au-

HHKalorb y ro6paxenHi nic-rrs trpri\oBvBaHHr ceKpe-

Tnl . . rx  . larHX. Mato ' r -h 51 rn e i : r  a , ruro Henol t i l t r i .

Ouinra gmocri creraHocl{creMH

.{,ra rropieuflJrbHo[o oIIiHrosaHHs tlKocri crera-

lrorpa$ i v nnr raco6ie pospo6.ttoto'r'r pi: u i ItoKa3II t4-

KJ4. lr lo larolb xfmxicll i  oqiHxu. V ra6"u. ? uaRe-feno

Hrr lK\  noKa3Hlrx ie.  BHI(opHcroBlBaHH\ n i :  qac oui -

HloBaHHiI CnOTBOpeHL. UIO BHOCqTbCfi CTefaHonepe-
TBopel{Hxr\,u,r ilt-r :o6paxeHHr I I ].

AL-H
6l@F

m
ffi
ffi

noAr'r - ri 0r'nElrH

ITF'r'r,TlrTrH1

T SHAI{E

gCAF

"mM'6d@L

A*

ffi 
r,oot-t,ton*p*

r:fTF'vTJ.,/jlH1

;ii l*91t$,,,;,:,,:,,,,,',,

LEJ
:::l::::: ::: :: :: , I :,::::::

i*,r l
, : : , ,  r . j r : :a : : : : : . : .

-j"n Cer-P:tne
L\LJ q,;E*.-;rrna

CreraHorpa$iuHe
I]€perBopeHHfl

Pnc. 2. I\.{eroa nprlxoIlVBaII}u na}rtr\

@6@E-

llopox*riir
noHrei*rep 3anoeHerfffi

xorneiuqp

-y- rrepyxorlrol'r5, :o6paxrenni : ypar-vuanlunt /{CK

Ta1turp 2

b

fl

i -

e

r i
1 -

\

f loralnunn niryalr'Horo cnornopenHt{

P isnnrle.ri rIoKa3HI4Kt4 c rto I'BopeHHt

IMaxcnnra:tt,na pirHi.u-1r (Max imum
Difference )

. \ tD  =  T i t  l , ' , ,  
-  t ,  , 1

Cepetnn a6co.nrcr'Ha piruuur
(Average Absc'iute Diffcrence)

Hopnonana cepeAr{r adco;norna pi:tttrua
(Nomal ized Average Absolute Dift-erence)

v rD = I l ,  - . ' .  l / I1,  ,  I
C-epeAurorna,Iparurtl{a [o]\4rrr'lKa
(Mean Scluare Error)

\ / .SE = 
*I(,",  

-r,  ,  ) '

Hopuonaua c epeiIlrLoKBa4parr{qHa
rroN{r4r:rKa (Nonnalized MS E)

- t . ' ) ' / : ( t ,  )
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l.P-rtoptvra (Lt' -nornt)

Bi.iluoureHur curnair/uryrr (Signal to Noise
Ratio)

Maxcnua:mne aiAnouteHun cI.rrura,r,/uryu
(Pc'ak Signa} to Noise Ratio)

.f t.icrs :odpax<eurrx (lmage Fidelit)')

HopvonaHa B3a€MHa xope:raqi-a
(Ni..rmalized Cross-Correlation)

Flliicrr riope.rrrlii (Corelation Qualitv)

l loli6uicrs ricrorpau
(Il istogram Similarity)

Ei:rluricrr rroKa3HnriB lrflorBopeHHr a6o xpure-
piis sxocri. ulo BHKOpMcroBvhrrbcri npH ei:rrarluiii
o5po6r1i irrt iropr,raqii. IraJleriarb .i lo fpvrlr.t pi:un4e-
BHX r roKa:]Lrr.rxir crornoper rrrl.

l{i nora:uHxu rp}'}{r}r}orbcr Ha si.qr\riHHocri InriN
xonreiiHepor\r-opHriHa!.ron (uecnorropcH14i.i cl.rrHan )
t xonlcfruepoi\{-pe3-y.rIbraroN,r (cnornopeunri cHr-
na-r). /{o ;tpyroi rpynr4 Bxo/.Inrr, rroKa3}{uK}r. 3acflo-
nagi ua xope,n.aqii naix opr'rrina,'lbHr4M i cnornope-
HI{\{ curHairaull (ran sraui ropc,rsuifini [oKa3HIiKIi
cno'raoperrru).

Y Hagcrclrnx cninailuoueHH-flx uepes C,, no-

3HaqaeTbct ilixccnb rropo/hHrroro xorrreiiuepa : ro-

op.qHHaraMlJ(.rt..r,), a qepe3 ,5'r.. - si-{nosiAHria

nixcc"rrs 3arroBHeHof o ttoH:reiiHepa.

V napanre'rpi .5?-R 3o6parxerrn-s ronepeAHbo

po:6lrnaerrcg Ha A,' 6,ronis no r nixce.nin po:n,ri-

porvr XxI. Ae X i Y -nirnricrr, palxin i crosrr-

unxin y 6:roui ei, lnoni4Ho (6:rox 8>r8 nixcc,qiB) [1.l
Y 6ararrox Burra71Kax 6i,uur Kopr4cHolo e Hop-

N,taniloeaHa ouiHxa srocri.

/ I r . , '
I]OKA3Hl,IKII

Bnropucronparu oqinry .sxocri I si$osiAHo lo
peKoMeHlauifi ccmopa pa4iore'r:xv MCE - ITtl-
R  R e c . 5 0 0  f l l :  

s
Q :  .  

" *  ( 3 )
l + A ' r a

.qe s -- o6quc,rene crrorBopcHHs: N - HopM\L
sa,rlHr.Iii rcoe$iqienr. sxnk zazsuuail o6upacrrcx
raKHM, u1o6 xapaxrcpptcruKa cnorBopeHHn eilo6-
paxy-Bara ni,qnoei.qH]" x xicHv ouisltv.

V ra-5,r. 3 sanereso oqiHxn. eirnoeiAHe 3opoBe
cnpniimrr.r i nxicrr.

0qiuma rnocri flprlxotyBanrrr

Po:paxyel,ro rroKa3nrrKH si:r'a,ruuoro cilolBo-
peIrIrR :lrixuo : $oplrylam{. laBeJleHnMr{ B ra5:r. 2.
'ra lloKa3rr14x cnpl.tillulr'r cnolRopelrL JrKr.qlrHolo

ei.qnoeituo 5o $opu1';ru (3) x:rr po:po6:reuofo Me-
rogy. /{rra lopiennlluolo aHali:1. po3rJrrrHeMo ra-
Ko){i eiguoni4ui rroxa3}rr4Kr{ Arrs 3o6paxeHHs-
nourefiHepa. c$oplr<xaHoro 3a .IorroMofolo o4Horo
g sair6ilnu 3acrocoBHr{x na croro,qni veroris npu-
xoB,vBaHHq AaHlrx y :o6paxexni - naerorv Koxa ra
{ tao [1]  ( ra6n.4) .

.t,r..,r,.,,/I (a,,.,

Pi:nurtesi noKa3rrr{xH cnorBopeHrrt

," = [*:,1 .,' -*., l")"'
.Sr\R

P.91/R =
r9vi9*)'
. \r-max t, ' ,  ) ' / I(c', ,  -,S,, ) '

r E  -  1  r - / r 'r t  -  r - , / , 1 L , . ,

. r .1 ,

-.\'. , )'/:1,,", ;'

tlrpy itrl.pnuii rnicr ( Stmctural Content)

H oprarlraue ei-1Hoiuenn-s cHrlta/lotutttlxa
(Normalized Sigma to Error Ratio)

\ Sr R = --]- )',s[R, .
max(^SER) i

. l l r  . : l
- rc  ,SER, :  6 ;  l l -  f  ( r ' " ,  - ,s  ) '  I

I 
t, /7 ;..nn A I

H,s = i l;.. t. l_,f ,(r) l,
.  ' ( )

ne L, (c)- riauocua qacrora rpaaauii Konbopy ('y :o6paxerrrri:

256 pirirnrn xo,rsopiu

iuKiuqeuua ma6.t. 2

Kope:rrqiiini roKa.iHlrKrl crlorB opeHHt
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TaSturyn 3
ITU-R Rec. 500. Ouirrxrr qxocri la urnar'rorc nia,I ao 5

Tu6unp I
OlIiHrosanHq qlcocri nprlxoBvBaHHfl ceKperHoro noui4omrreHHq B ro6paxerlrri-rcoHreiinepi

Ouinxa Cnoreopcuu.r .flricrr

5 Hclouirue Bil l t isHa
,1 llonai me, Hc riorpa3HloBa,'rLHe !o6pa
J Hecvrrego rro,rDa3I{IoBarl}'ue 3a4oni,.rsua

7 11o;lparmona-lsrre LlesaAosimrra

Hax:su.raiirro norpa3moBanl'He Bnpail HeranosLrrrHa

Mero.{
Po:po6,reHr.rii

MeTO4

MeroA
Koxa-Xao

Maxgnqamna Disrililrrl (Maximum Ditference I 23,3 1 8
C epe.,lna a6co,urcrna pi: lrn4x (Average Ab solute Ditference ) 0.244 6,88 r
llopllonaua cepelnt
Diflbrence)

a6co,rrorna pirnlrqr ( N om alized A verage Absolute I . 8 8 7 x  l 0 - 0.065

C epe4HroxnaAparr{qrra noxn6xa (Mean S quare Error) 0,:-t{ 63 ̂424
I lop l tonat ta c(pe. tHhoKrJanparLrqna noru5xa lNonnal ized Mean Square Fn'or) 1 " 1 - 1 r 1 0 - 3 . 6 3 6 "  l 0 - '
IP -rroprua \ L? -nornr), p = 2 0.491 7.961

BirnoureHns crrriarr.rrtyM (Signal to Noise Ratio) 8.77 ^10" 215.012
Mancuna,rr,He ni,qHoueunfl curHa,rrrilt\/M (Peak Sienal to Noise Ratio) 2 . 6 6 1  " 1 0 r 015
.f xicrs :o6paNerrus (Image Fidelifv) 0.9999886 0.9963642
Hoprironaua B3aer'rHa Kopetrnqiq (Nonlalized Cross-Correlation) 0,9e92171 | ̂ 024t06
llxic'ru ropernuii (Correlation Oualitl ) 1 6 5 . 3 3  I 169.60 I
C rp1'rcrt'pnr.rii :u icr ( Stru ctr-rral C ontent) i . 0 0 0 1 0.s507077
I  Iopr tonaue u i l r ro iueHrLr  cDr l ra nol tu,qr .a (Normal ized Signra to F l r ror  Rat io) 68 .261 33.368
Iloiti 6rricTr ri c !orpar\'r (Histogram S im ilarity) 1 1500 r  6380
Ouiura gxocri rriarro r MCE - ITU-R Rec. 500 4.819 3.516

3arpononoeasi Hlcro.rrz 6y,ru pea,.ri:oBaHi npo-
rpar\{Ho sacoSaN.rn N{athcad. B .sKocri roHrci.iuepa
RLlKopHc'roBvBaJr ocfl rroBFroKC)Jrbopoue ro6paxeHu,r

po: l r ipn icrro l28x I28 l ixce:r in .

Br.rcrroRrcn

Y pe:y,"rrrrari Havxoeoro .locri.rNcuHx 61,.r la-
IIpLrrrorIoBaHnii ue'roJI crerarrorpadti.{rioro rrpHXo-
ByBarlns ilar{ux y nep\rxor\ro,vv ;o6paNerrui. Ha1,xo-
Ba HOBH3FIa IOCLli.{NeHn.q Iloitflfac B Tt)h{y. rrlo qefi

cnoci6 [paxoBvBaHns. rtu{fi BpaxoBve Mero.rl ABo-
o3rraKoBoro crpyKT)'prloro Ko:lvBar{nn. ri nepe;16a-
vac :rriny 3narrerrlur crpvKTypHr4x o3HaK 3o6paxeH-
rH :riXuo si :N,ricroNr ceKperrrorr) nori:1or,r:reruu.
Mcro.q fipnxoBvtsaHH.rr cexpcrHort-r nor|xon,ureHH;{ B
HepyxoMoNry :oSpaxeHHi pea-ni:onaHHi rrporpal{Ho
3aco6aMu Mathcad. Ba:rraqerri ocrroerri NrerpnKu.
r x i xapaxr ep n 3\/ io'r'b qxic-r'1, npu\oBvBaHH-s . qlrcroe i
3naqeHnl ullx xapaKt'epucrnx 6vrrr.r po:paxosaHi

In.r recroBoro so6paxeHH-r-roarci.iHepa.
Olpnnrani pe3!'Jll,raru xalorh 3Morv :po6zrn'ra-

ni suclrosxu: srcicrs upr4xoBvBaFIHrr npn po:r,rirqerrni
6irin cerperHoro noBiAoMJreHHrr n soSpaxeuHi rri.l-

rto i: :anponoHoBaHH[,t MeTo.qoM tstilIa^ Hix 1 eu-
rraAKy BrrKopacraHHrr MeroAv Koxa-Xao.

IIpo qe cni;1qurt' rare: pi:rrnrleni noxarrrnKlt IIo-
pienltto 3 Melo/loN{ Koxa-Xao 3Menrrryro16cr. flriicrb
;cr6parr<enua 3pocra€, siluourerilLs cnrnwtl rIr\/N.{
'J6i;rbuverscr, crvuiub ropeuqii uirx rrincel.sr.ul
nepnicttoro ra 3anoBHelloro xourerinepie NraK-
clr\{aJ'lbno ua6:ruxac'r'rcr{ Jto o.qrarrnui. floxaguxxn
rxocri :r'i4no 'Ji cralr;laploM MCE-ITU-
R Rcc. 500 ceil.rarl, ilpo nplrxoByBaHgt 6irie cex-
perlrofo r tos i.TorureuH-f, . BpaxoByruqrl Meroll sxocri
306pa;Kcrurs LoHref i l repa ia-rHUracrbcs n i :v i tn txnr .
a BuKpulli I eHur raalixce HerroMirHr{N.{ (1, B 79 ).
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