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AHHOTAIIUSA

PazpaboTana CTPYKTYpHO-CEMaHTHUYECKast KOJIMYECTBECHHAs OLIEHKA
UH()OPMATUBHOCTH KOMOMHHUPOBAHHBIX HM300pKEHUN JUISI MYJIBTHUCIIEKTPAIbHBIX
CHUCTEM TEXHUYECKOIO0 3pPEHUsl, OCHOBAaHHAs Ha MeEpe COXpaHEHHsS (MCKaKEHUs)
Pa3IMUUTEIbHON uHpopMau 1o CIIEKTPAIbHO-3HEPTETUYECKUM 5
MPOCTPAHCTBEHHBIM IPU3HAKaM, COIJIACYIOIIAsCS C BU3YaJIbHBIM BocmpustheMm. Ha
OCHOBaHUHU BBEJEHHON METPUKHU UH(GOPMATUBHOCTH MPOBEICHO CPABHEHUE U3BECTHBIX
CIOCOO0B KOMIUICKCUPOBAHHS HM300pKCHUN I JABYX30HAJIBHON TEJICBU3HMOHHO-
TETUIOBU3MOHHOM CHCTEMBI YJIYUYIICHHOTO BHUAeHUs. [loka3zaHO, 4TO TpaJMIIMOHHBIC
CTaTUCTUYECKHE TOJAXOAbl K OILICHKE HH(OPMATUBHOCTH MEHEE COIVIACOBAHBI C

BHU3YyaJIbHBIM BOCIIPUATHCM H306pa}I(GHHﬁ.

KiroueBble ciaoBa: aHanu3  U300paKeHW, OIEHKa  HWH()POPMATUBHOCTH,
WH()OPMATUBHOCTh HW300pKEHHM, BU3YyaJbHOE BOCHPUITHE, KOMOMHUPOBAHHBIC
N300 paKeHMsI, KOMIUIEKCUPOBAHUE N300PaKCHHH, YEIIOBEKO-MAIIMHHBIC HHTEP(EHCHI,
CUCTEMa TEXHHYECKOTO 3PEHHS, MYJIbTUCIEKTpaIbHAs BHJICOCHUCTEMA, CHUCTEMA

YIy4IICHHOT'O BUACHUS.

BBenenue
Bcé Gostee mmpokoe pacpocTpaHeHHE MOTYYal0T MYJIbTUCTICKTPATIbHBIE CHCTEMBI
TEXHUYECKOTO 3pPEHHUs, B YaCTHOCTH MYJbTUCHEKTPAJIbHbIE ABUAIIMOHHBIE CHCTEMBI
yyumeraHoro BuaeHus (MCYB), no3Bossironiyie oTo0pakaTh BHENIHEE MPOCTPAHCTBO

A1 IMWJI0TOB BHE 3aBUCHUMOCTH OT IIOIOAHBIX M CYTOYHBIX yCJ'IOBI/II\/'I, ITOBBIIIAasA
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AKCIUTyaTaIlMOHHBIE BO3MOKHOCTH BO3AYIITHBIX CYI0B. B Takux cuctemax nndopmarus
OT JIaTYMKOB PA3IMYHON (PU3NUYECKON MPUPOABI 00bEIUHSIETCS (KOMIUIEKCUPYETCS) B
o0111ee KOMOMHUPOBAHHOE M300paKeHNE, KOTOPOE JOJIKHO COIECPKATh CYIIECTBEHHBIE
nH()OpPMAITMOHHBIC MPU3HAKUA OT BCEX KOMOMHUPYEMBIX BUICOKAHAIOB. B kadecTBe
UCTOYHUKOB JaHHBIX B MCYB moryT ucnonb3oBathes TeneBuznonHbie (TB) naTtunku
BUIMMOTO nuamnaszoHa, uH@pakpacHeie (MK) matuyuke pasmuyHBIX JUANa30HOB,
paANONIOKATOPhI,  JIa3epHbIE  JIOKATOpbl WU Jp.,  oOJajarolmme  pas3Hou
uHpopmaTuBHOCTBIO. [log HWHPOPMATUBHOCTBIO B O0OIIEM Cily4yae TIMOHHUMAIOT
COBOKYITHOE€  KOJHMYECTBO  HH(OpPMALW{, MOJIy4aeMoe  MOTpeOuTeneM 1o
MIPOCTPAHCTBEHHBIM, CIIEKTPAIbHO-3HEPT€TUUECKUM, BPEMEHHBIM U MHBIM ITPU3HAKAM
IPU UX BOCTIPUSITHU U aHanmze [11].

Ha cerognsmnuil J€Hb U3BECTHO JOCTATOYHO OOJBIIOE YHUCIO PA3IUYHbIX JBYX-
u Tpéx-cnekTpanbHbix CYB (Hampumep, [14]), B KOTOPBIX NPUMEHSIOTCS pa3IndHbIC
MOAXOAbl K KOMIUIEKCUPOBAHHUIO CHEKTPANbHbIX H300paxeHuil. CpaBHEHHE ke
MOJIy4aeMbIX MPU 3TOM KOMOMHHPOBAHHBIX U300paKEHUN TOBOJBHO 3aTPYIHUTEIIHHO
M3-32  OTCYTCTBHS ~ €AMHOTO  KOJMYECTBEHHOTO  OOBEKTHUBHOTO  KpUTEpHS

MH()OPMATUBHOCTH U300pAKEHUN.

0O030p MeTO10B OLIeHKH UH(POPMATHBHOCTH KOMOMHMPOBAHHBIX H300paKeHnit
B o61em citydae orieHka 3(heKTHBHOCTH KOMITJIEKCUPOBAHHUS CBOJAUTCS K OIICHKE
MEphl COXpaHEHHUsS! KOJWYECTBA MH(POPMAlUU KOMOMHHPOBAHHOTO H300paKEHUS B
CpaBHEHUHM C HWH(OOpPMaALMEN €ro COCTaBIAIONIUX H300pakeHui. HbiHe, corjiacHo
uctrounukam [3, 8], wcciaemoBaTenu BBIICISIOT TPHU OCHOBHBIX IMOAXO0JA K OICHKE
KOJIM4eCTBa MH(POPMALINH:
1. Crpykrypubiii (andaBUTHBIA) — TpPU JTUCKPETHOM CTPOEHUU MaccHBa
nH(pOpMaIUK U3MEepEHNEe KOJIMIeCTBa HH()OPMAITUU MPOUCXOTUT IMyTEM TOICUETa

ero UHGOPMAaIMOHHBIX JIEMEHTOB.
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2. Cratuctudeckuil (BEpOATHOCTHBIN) — OMEpUPYET NOHATUEM SHTPOIHUH, KaK MEPhI
HEONpeeAEHHOCTH CUTYyallMu. DHTPOMUSL YYUTHIBAET BEPOSTHOCTH MOSIBICHUS
CUTYAaIlUH, a, CIIeJOBATEIbHO, U HHPOPMATUBHOCTH COOOIICHUSI.

3. Cemantuyeckuil (comepaTelbHbI) — YUYUTHIBACT IIEHHOCTH, IOJE3HOCTD
uHpopmaiuu. Vcnonszyercs npu olieHke 3(PGEeKTUBHOCTU JJOTUYECKUX OIBITOB.
B HacTosiee BpeMsi MpUMEHEHHE OTPAaHUYEHO, TaK KaK TEOpHUs HEIOCTAaTOYHO
pa3zpaboTaHa.

W3 TpaaUIIMOHHBIX MOAXOJOB K OIEHKE MH(QOPMATUBHOCTU MOIYJSIPEH CIOCO0
BBIUHCICHUS SHTpornmu coodmenuit mo Ilennony [1, 3, 8]. Ilox »HTpomwmeii
MIPOU3BOJIHOTO COOOIICHUS] TOHHUMAETCS CpEIHEee KOJIMYECTBO HMH(POpMAIIUU,
MPUXOAIIEECS HA OJIMH CUMBOJI COOOIIEHUS. DHTPOMUS XapaKTePU3yeT COOOIIEHHUE C
TOYKH 3pEHUS €r0 HACHIIIIEHHOCTH HHpopMalueit. Yem O0bIie SHTPOIHS, TeM O0JIbIIe
uH(pOpMaIMK BOCHPUHUMAETCS B €IUHUILY BpeMEHHM (IIPU OJMHAKOBON CKOPOCTH
nepeayr CUMBOJIOB coo0IieHus). MTHpopmaImonHas SHTPOMHS TaK)Ke XapaKTepU3yeT
Mepy HEONpeNeNEHHOCTH WM Hempeackazyemoctu wuHdpopmainmu. Hanpumep, B
MIPOM3BOJIBLHOM MPEIOKEHIH Ha PYCCKOM SI3BIKE pa3HbIe OYKBBI TOSBIISIOTCS C Pa3HOM
JaCTOTOH, ITOATOMY HEOTPEIeAEHHOCTD MOSBICHUS TSI HEKOTOPBIX OYKB MEHBIIIE, YeM
st apyrux. Heompenen€HHOCTh yMeHbINAeTCs emié CuibHee, KOTJa BCTpEYaroTCs
HEKOTOpBIC peakue coueranust OykB. [Tycthb p(i) — BEpOSITHOCTH MOSIBIICHUS I-ii OYKBBI
3 N OykB OykBapst (BEpOSITHOCTD 3JIEMEHTAPHOTO COOBITHS ), TOTIa HHGOPMAIIMOHHAS
JBOMYHAS SHTPOMHS MPEJIOKEHUS U3 DJIEMEHTAPHBIX COOBITHM, B MPEANOI0KEHUH O

HUX HE3aBUCHUMOCTH, C N BO3MO>KHBIMH COCTOSTHUSIMH pacCUUThIBACTCA 110 CI)OpMy.He:

N
H == p()log,p(0). (1)
i=1

[IpuMeHnTENBHO K OLIEHKE HU(GPOBOro MOJIYyTOHOBOro M300paxkeHus | ¢ 256-10

rpajialiisMH SIPKOCTH, SHTPOIHUS BEIYUCIISIETCS 110 (OpMyJIe:

255

H(D == ) P@)log, P(D), @
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. N(i) . —
rne P(i) = — — BEPOATHOCTH MOABJIEHUS IMKCEIS APKOCTH [ = 0, 255,

N(i), i = 0,255 — rucrorpamma nzoodpakenus |, N — qrciio ero nukcesei.

Jis  KOMMYEeCTBEHHOM OIEHKH 3((EKTUBHOCTH KOMIUIEKCHpoBaHus Hc
M300pakeHHI Ha OCHOBE 3HTponuH (2) B aByx3oHanbHO CYB Oynem oneHuBatTh
CYMMapHbIH MPUPOCT PA3HOCTU SHTPOMUH MEXKTY KOMOMHUPOBAHHBIM U300paKEHUEM
lc 1 ero cocrasisgromumi |y u I:

He = 2H(I) — H(L,) — H(I). (3)

Ecnu onucanHbI 1MOAXOJ TMO3BOJSET JOCTATOYHO OOBEKTUBHO OIICHUBATH
MH()OPMATUBHOCTH UICAIBHOTO KaHalla CBA3M (0€3 MOMeX U IIYMOB), TO AJIS1 PEAIbHBIX
BUJICOU300paKEHUN 1OM00Hass  (opMasibHas HSKBUBAJEHTHOCTb JHTPONHMU U
uHbOpMalMi MOXKET OBITh JMIIeHa cMbicia [12], Tak kak He yYHTHIBAcT
IPOCTPAHCTBEHHBIE 3aBUCUMOCTH SIPKOCTEU 3JIEMEHTOB M300paXXeHUsI U OCOOECHHOCTH
UX 3pUTEIBHOIO BOCIIPUSATHS.

YacTo KOJMYECTBEHHYIO OLEHKY HWH(POPMATUBHOCTH KOMOMHHPOBAHHBIX
M300paXEHUM  OTOXKAECTBISAIOT C  OIEHKOM  «KadecTBa KOMOMHHPOBAHHBIX
nu3zoopaxenuit» [17, 18], mpuuém cuurtaercs, uro Hanbosee UHOOPMATUBHBIHN pe3yIbTaT
OaéT TakoM MEeTOJ KOMIUIEKCUPOBAHMS, MPU KOTOPOM COBMECTHas Mepa OJU30CTH
KOMOMHUPOBAHHOTO HM300PaKCHHUS C €ro COCTAaBISIONMMU OyJeT MHHUMalbHa. B
KauecTBe Mepbl OJIM30CTH BBIOMPAIOT COBOKYMHOCTH JIOKAJBHBIX CTATUCTUYECKUX
nokasaresiei, TakuX Kak KOppeJslus, CpelHHWE 3HAu€HUs U JUCIEPCUU SIPKOCTH.
Hanpumep, cornmacuo padoram [15, 17], B3BelieHHass OKOHHas OlleHKa KadecTBa Qp

KOMOMHHPOBAHHOTO U300paxkeHus lc BhIUMCISETCS CIeAYIOIUM 00pa3oM:

M—-d N—-d
1
= L, 1- L, 1 4
S =20 - 20 Z Z Wl le,xy,d) + A =)Wz le, 2y, D), (4)
x=d y=d
o o(l,1;)
s = O'(Il, Ic) + 0-(12, Ic)’ (5)
0, c <0,
1, c>1,

oI, Ic) ZI;I_C 20(I)a(lc) _
00U .7 + .2 02 () + o2(I)

W(Ikl IC,X,y, d) = (6)
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40_(110 IC)I_kI_C

(1;2 + I_cz) (Uz(lk) + O-ZUC))’ @
1 x+d y+d
oUnl) == > > Ulijfl =1 Uelifl -, t € (1.2, ®
i=x—-d j=y—-d
1 x+d y+d B
U == ) ) Glijl-F)? O
i=x—d j=y—-d
1 x+d y+d
Iy = z Z Lli,j1,k € {1,2,C}, (10)
i=x—d j=y-d

rae |y, 12 — cocraBistone KoMOMHUPOBaHHOTO M300paxkeHust, M u N — ux pasmepsl, d
— JIMHEWHBIM pa3Mep CKOJB3AIIETO KBaApPaTHOrO OKHA, pa3Mepbl KOTOPOTO

HECYIIECTBEHHO BIUSIOT Ha pe3ynbraT. CTENeHb ke NCKaXEHHOCTH n300pakenuit (6-

o(Iglc)

7) 3aBUCHT OT TPEX Pa3MUUHBIX (PAKTOPOB: MOTEPU KOPPEISAIUN 50010y
k (o4

HCKaXXCHUA

20(Ix)o(c)

——————=— TIpu DTOM OTMEYAETCS, YTO
2 +ote) P :

211
SIPKOCTH # 1 MCKa)XCHUS KOHTPACTHOCTHU
Kk tic

OMHCaHHAs Mepa OIEHKH «COTJacyeTcs C BH3yaJbHOW OIIGHKOW KadecTBa
nzoOpaxenuit». Ha camoMm ke J1ene MOHSATHS «KaueCcTBO» U «HUH(POPMATHUBHOCTHY
M300paKEHHsI HE TOXKIECTBEHHBI: M300pKEHHE MOXKET OBbITh KadeCTBEHHBIM 0€3
IIYyMOB W UCKAKEHHUH (Hampumep, apTepakToB CxkaTusi), HO MpPU ITOM OBITh
OecconeprxkatenbHbiM. [ onpenenénnoctn MeTpuky (4-10), BriepBbie ONMUCAHHYIO B

pabote [17], Oynem Ha3pIBaTh MeTpUKOW [Tueisl.

Konuenuus KoJn4eCTBEHHON OLEHKH MH(POPMATHBHOCTH
C uenpl0 TONy4YeHUS] KOJWYECTBEHHOM OIIEHKH, B JaHHOW paboTe cienaHa
nomnbITKa (POPMaTN30BaTh MOHATHE UHPOPMATUBHOCTU C TOUKH 3PEHUS €€ MOJIE3HOCTH
Y BOCIIPUHUMAEMOCTH.
N300paxkeHuss MOryT cojepxaTh HHPOpMaluio 00 00BbEeKTax Ha0IH0JaeMOTO
NPOCTPAHCTBA,  HAACIEHHBIX  ONPEACNEHHBIMU  CIEKTPAIbHO-IHEPIeTUYECKUMU
npuszHakamu (COIl) m npoctpanctBeHHbiMM Tpu3Hakamu (I1I1), xkoTopeie MoryT

HU3MCHATBCA BO BpPCMCHM. AHanu3 Takux IIPU3HAKOB IIOKA3bIBACT, 4YTO OCHOBHOC
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KOJIM4YECTBO MHGOpMAIINK, ColeprKalIeiicss B 1300pakeHnH, B TIEPBYIO OYEPEIb HECYT
[T o6bexToB. Ponb CIII cocTOMT B BBISBICHUH OCHOBHOM MpPOCTPAHCTBEHHOMN
uHpopMainu 00 00bEKTax B COOTBETCTBUH C X APKOCTHBIM pacrpeaencHuem. Takum
oOpa3oM, TOBBIIICHHE WH(DOPMATUBHOCTH KOMOWHUPOBAHHBIX  H300pakKeHUU
ONpENENSIeTCS  BO3MOXXHOCTBIO  IIPUBJICYEHUS  JIONOJIHUTEIBHBIX  IPU3HAKOB,
MO3BOJIAIOIINX  OCYIIECTBUTh  pa3lU4YCHHE HOBBIX OOBEKTOB B  JIaHHOM
MHOTOCIIEKTpaibHOM u300paxkenun [11]. To ecth, OHEHKY WH()OPMATHBHOCTH
KOMOMHHUPOBAHHBIX HM300paXKEHUH MOXKHO TIPOBOJUTH Ha OCHOBE IOHATHUSA
«pazmunrenbHas uHPopmanus» o COIT (Resn) u T (Ran) oobekros. [Ipu 3tom
HEOOXOJIMMO JIOTIOTHUTENBEHO OIIEHUBATh MEPY peaTuCTHYHOCTH e€ Bocpustus (Rpp),
BBIPAXKAIOIIEH CTENEHb COXPAHEHUsI PACTIPEAEICHUIN IPKOCTH UCXOIHON MH(pOpMauu
Ha KOMOWMHHMpPYEMBIX H300pakeHusix. B ciyuae cnaboro coxpaHeHUs HMCXOIHBIX
pacnpesielieHuil  SIPKOCTH COBOKYNHO paszindyaemas uHpopmanus Oyzaer ciabo
UHTEpHpETUpyeMa, U3-3a 4Yero oOmlee KOJIWYECTBO IOJYy4YaeMOM  IOJEe3HON
uHdopmaIuu OyJeT CYyIIECTBEHHO MEHBIIIE.

B cooTBEeTCTBUU C MEPEUUCICHHBIMA OCHOBHBIMU (DAKTOpPaMU, ONPEAEISIIOIIIMU
MH()OPMATUBHOCTh  KOMOMHUPOBAHHBIX  HM300pa)keHUM, Hauboiee  yMECTHBIM
IPEICTABIAETCA OLEHUBATL OOLIEE KOIMYECTBO pasnuyaeMor uHpopmauuu Vig,, B
BH/JIE€ TPOU3BEACHUS:

{RHHR(BHRPB' eCJIn Rcan >0wu RPB > 0,
—|RunResnResl, B IPOTHBHOM CJIy4ae.

V06Lu -

(11)

I'eomerpuueckn dopmyna (11) Beipakaer 00BEM COBOKYIHOW pazinyaeMoi

uH(pOpMaIK Ha KOMOMHUPOBAHHOM H300pakeHuH (puc. 1):
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A
max (Rean) ;
e
,-/"
,"/'
m ax(Vosy) /
,'/"
.'/'
p

min(Rean)

min(Rpp) >
min(Rap) " max(Run)
////
d
v
max (Rpg) 4

v

Puc. 1. 'eomeTprueckuii CMbICT COBOKYITHOU pa3inyaeMoii HHPOpMAIUU Ha KOMOWMHUPOBAHHOM
MU300paKeHUH

Ecnau aGcomtoTHas BennunHa 00BEMA ompeaenseT Mepy MHGOPMATUBHOCTH, TO
3HaK 00BEéMa 3a c4éT 3HaueHU Rcrp M Rpg 03Ha4YaeT MCTUHHOCTH WJIH JIOKHOCTEL €€
BOCTIpUSITUS. Ha KOMOWHHUPOBAHHOM M300pKEHUM IO OTHOILICHHUIO K HCXOJAHOU
nHpopmaruu ero cocrtapisronux. JletanpbHOCTh Ry, kKak Mepa yucia pa3IunduMbIX
neTanei Ha n300paKEHUsIX, BCEr/1a HEOTPHULIaTeIIbHA.

OnrcaHHas KOHIEIIHS MPUMEHSIETCS HUXKE JIJII CPAaBHEHHS Pa3HBIX CIIOCOOOB
KOMILUIEKCUPOBAHUS M300paKEHUM B JIBYCTIEKTPaTbHbBIX TEJIEBU3NOHHO-

ternoBu3noHHbIX (TB-TnB) CVYB.

Kpurepuu napopmarusnocru niasa TB-TuB CYB

OcHoBHOE KonuM4ecTBO WH(MOpMaimu, coaepxaimieiics B TB uzobpaxenun, B
nepByto ouepenp HecyT IIII oObekToB. IToaTomy menecoobpazHo umerpr TB kaHanm
BeIcokoro paspernienus (BP). C npyroii croponst UK natunku (B wactHocT TriB) narot
6omnpiie COII (Hanmpumep, TEIIOBOM KOHTPACT), HO, KaK MPaBUII0, UMEIOT 00JIee HU3KOE
paspemienrie (HP). B o310t cuTyauum MOXHO  CYIIECTBEHHO IOBBICUTH
MH()OPMATUBHOCTh M300pakeHusi, coBMecTHO oOpabOatwiBas TB kanan BP ¢ TnB
ka"Hasiom HP. Takum o6pazom, kputepuii ”HOOPMATHBHOCTH C YU4ETOM 3PUTEIHLHOTO

BOCIIPUSITUSL M300paKEHUU MOXKHO BBIOpaTh M3 CIEAYIOUUX COOOpaKeHUil:
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KOMOMHHpOBaHHOE n300paxkenue nowkHo umeTs [T u COII, npucymme kak TB, Tak u
TnB wu3o0paxkeHusiM, HpU HUX peaTMCTUYHOM BOCHpUATHH. MHBIME cioBamu,
KOMOMHHPOBAaHHOE HW300paKEHHE JOJDKHO HUMETh BBICOKYIO JIeTalbHOCTh 1B
N300paXEHUM U TEIUIOBOM KOHTPACT U IIPU ITOM COXPAaHATH O0IIee paclpelecHue

HpKOCTCﬁ 110 OTHOIICHHIO K €T'0 COCTaBJIAIOIIHUM.

AJITOpUTMHYECKAs pean3alus KOJIUYeCTBEHHON OlleHKH MH(OPMAaTHBHOCTH
JleTanpHOCTh JH000T0 IU(PPOBOrO H300paKEHUS XApAaKTEPU3YETCs HaIMYUEM
pa3IMYMMBIX TpaHUI] OOBEKTOB HAa HEKOTOPOM (oHE, NPEACTaBISIIOMIUX COOOM
OpoTsKEHHBIE — mepenaabl  sipkoctd.  Jnsg  mu@poBoro - MOHOXPOMHOTO
KOMOMHHPOBaHHOT0 M300paxkenus lc ¢ pasmepamu M x N 37€MEHTOB OTHOCHTEILHOE
COXpaHeHue aerajeil (popmMarbHO MOKHO OMUCATh B BUAE (DYHKIMU OT OTHOIICHUS
MOJyJIed TPaAMEHTOB KOMOMHUPOBAHHOTO M300pAKEHUS K MAKCUMYMY OT MOAYJeH

IPaJIMEHTOB €ro cocTaBisitomux l1 u 1y

M-2N-2

1

x=1 y=1

rae 6(x,y) — QYHKIHUS pa3IuduMOCTH JCTaacH KOMOMHMPOBAHHOTO M300PaKCHHS B
touke (X, Y):

aIC(X, y)

max (01, (x,¥),01,(x,y))
0, uHave,

> Ty u max(9l(x,y),01,(x,y)) >0, (13)
rae 01;(x,y),j € {1,2,C} — Momynu TpagueHTOB COOTBETCTBYIOIINX M300paXKECHHUI B
Touke (X,y), A UX BBIYMCICHUS ucnoib3yercs omneparop Cobens [10]. To — mopor

PA3TUYMMOCTH TPAHUI] OOBEKTOB JJIsi KOMOMHUPOBAHHBIX M300PaKEHHI.

dl-(x,
c(x.y) <1,1700<To<1. IloHsATHE PA3TUIMMOCTH JOJKHO

T <
ak kak 0 < max (81, (x,y),01,(x,y)) ~

OBITH COIJIACOBAHO C BU3YAJIbHBIM BOCIIPUATUCM, II03TOMY BCJIMYHMHY II0pOra
pPa3siIn4uMOCTH To CJIeaAyCeT HaxOIUTb OMIIMPUYCCKH Ha OCHOBAHWU ycpeILHéHHBIX

CyOBEKTHBHBIX OLEHOK. B mnpuBenéHHOM HccneqoBaHUM MOpOr [ BbIOMpalics Ha

8
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orpeske [0,1] ¢ marom 0,05. B cmygae wmanoro 3uauenuss [9<0,1 Ha
KOMOMHUPOBAHHOM M300PaKEHUHU 32 PA3IMUMMBbIE JIETaIN IPUHUMAIOTCS MPAKTUYECKH
BCE DJIEMEHTHI (BKJIIOYAs IIYMBI U TIOMEXH), JJII KOTOPBIX TEpPerajl IPKOCTH MOXKET
OBITh, KaK HE PA3JTMYUM YEJIOBEUECKUM TJIa30M, TaK M PA3JIMUUM C TPYJIOM, B TO BpeMsI
Kak npu To> 0,5 y4uTHIBAIOTCS TOJILKO HauOosiee YETKHE JIETall M MPOIYCKAIOTCS
JIETKO pa3u4YuMble. DMIHUPUYECKH aBTOpaMH ObLIO BBIOPAaHO 3HAYEHHE MOpora
To =0,25. B cootBercTBuU ¢ (12-13) Benmmuuna Ry u3mensercs B npeaenax ot 0 (Het
pa3IMYUMBIX AeTaiieit) 10 1 (moJiHoe coxpaHeHHe IeTalel OT ABYX KOMILJIEKCUPYEMBbIX
kaHanoB). Eciau mnpu KOMIUIEKCHPOBAaHMM OJHO W3 H300paX€HUH I[BETHOE, TO
BBIOMPAETCS] CYMMapHOE 3HaueHue Ry o BCeM IIBETOBBIM KaHajaM.

JIst OIIEHKM TEIJIOBOTO KOHTpacTa cieHbl Reop Ha TnB n300pakeHuu CleHb
HAXOAMIIM CaMyl0 «TEIIYI0» U CaMyl0 «XOJOAHYIO» OOJacTH, MPOXOHs MO HEMY
[CHTPAJIbHBIM ~ CKOJIB3SIIUM OKHOM pasmepoM (2K + 1) x (2k + 1) syieMeHTOB.
Halinennpie 00acTi B KOMOMHUPOBAHHBIX M300PAXKEHUSIX YUWUTBHIBAIM MPU PacCyETe

KOHTpAcTa Mo cleayromei popmyre:

K. K. <1
Resn = Kup”’ Kryp ' (14)
1, HHavye,
HC - Lc _ HTHB - LTnB (15)

Ke = H.+ L.’ Krup Hryp + Lyyg’
rae Ke u Kryg — OTHOCUTEIBHBIE TEIUIOBBIE KOHTPACTHI 1J1s1 KOMOMHUpoBaHHOTO U TriB
M300pakeHusi COOTBETCTBEHHO, He 1 Hypg — yepeqHEHHBIE 3HAUEHUS IPKOCTH B CaMOM
«TETI0M» 00J1aCTH CLIEHBI ISl KOMOMHUpPOBaHHOTO U TnB uzobpaxkenus, Le u Lty —
YCpEIHEHHbIE 3HAYEHUsI SIPKOCTH B CaMOM «XOJOJIHON» 00JacTH CIEHbl s
koMOuHupoBaHHoro 1 TnB n3o0paxenus. Pazmep odnacreii 21 x 21 nukceneii (kK = 10)
BBIOMPAJICS TaK, 4TOOBI KOHTPACTHI OBLIM JOCTATOYHO JIOKAIBHBIMU, U B TOXKE BPEMsI
IITyMbI, TIOMEXU U JIOKHBIE KOHTYpa HE BHOCHJIA CYIIECTBEHHOTO BKJaJa B OOIIYIO
OIICHKY TEIJIOBOTO KOHTpacTa. [IpM KOMIUIEKCHPOBAaHWUW IBETHBIX H300paKeHUMN

BI:>I6I/IpaeTC$[ MHUHHUMAJIBHOEC 3HA4YCHUC RCQH II0 BCEM IBCTOBBIM KaHaJaM. HpI/I 9TOM
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HEOOXOJMMO YYUTHIBaTh, YTO KOHTPACT HA KOMOMHUPOBAHHOM H300paKEHUH B BUJC

K¢
KtnB

OTHOULIEHHUS MOkeT ObITh < 0 (Hampumep, ecii ycpeaHuTh TB u3o0pakeHue c

uHBepTHpoBaHHbIM TnB). B »stom cnydae TnB kanan mgobGaBiseT JIOKHYIO
paznuunTenbHyto uH@opManuio mo COIl u Takol BapuaHT KOMIUIEKCHPOBAHUS

K¢
KruB

CICAyCT CYUTATb HCYAAaYHBIM. OTHoOIlIEHNE OTHOCHUTEIBHBIX KOHTpPAaCTOB MOIKCT

OBITH 1O MOMYNIO > 1, 9TO COOTBETCTBYET YCWJICHHIO HCXOJHOTO OTHOCHUTEIHLHOTO
koHTpacTa Kr;p Ha KOMOMHUPOBAaHHOM M300paKCHHUH U, CJICIOBATEIHHO, HE T00aBIsSCT
UH(GOPMAIMOHHBIX ITpU3HaKoB. [TosToMy oreHka Resn BIOpaHa Tak, uTo0bl [Resn| < 1.

PeanuctuarOCTh BOoCTIpusATHS Rpp, B CMBICIIE MEPHI COXpAaHEHUS pacIpeaeIICHUN
SAPKOCTU UCXOJIHOM MHGPOpPMAIIMK HA KOMOMHUPYEMBIX M300pKEHUSIX, OTPEEISETCS
Kak rpousBeaenue koddduirenton koppemsuuu p(l1, Ic) u p(l2, Ic) spkoctu nukcenei

KOMOMHUPOBAHHOTO H300paxkeHus lc ¢ ero coctapisronumu i u 1y:
Rpg = p(Iy, Ic)p(l,, 1) € [-1,1], (16)
YL N3 (1T, y] = Llx, y1) (Ie[x, y] — 1. [x, y])

p(1 1) = :
(BN E e )~ Ty D) 4 SN (Ll ) — T 91’
j {12} (17)
1 M-1N-1
LByl =7 ) ) Llxyl,te {120} (18)
x=0 y=0

rnie M u N - pa3zmepsl u300pakeHHi B MHUKCENsX. B ciaydae KOMILJIEKCUPOBAHUS
IIBETHBIX M300pakKeHUI BRIOMpACTCS MUHUMAJIbHOE 3HAYCHHE Rpp 10 BCEM IIBETOBBHIM
KaHaJIaM.

CornacHo  (12-18), 3HaueHUs OTHOCHUTCIBHOTO 00BEMA  pPA3IMUYUMOU
uHpopmanuu HaxonsaTca B mpenenax oT -1 g0 1. To ecte BenuuuHa Vogy MOXKET
MPUHUMATh OTPHUIATEIbHBIC 3HAYEHUS, YTO MOXXHO TPAKTOBATh KaK MHUMBIA O00BEM
WM Kak JIOKHYHO (HMCKax€HHYK) wuHbopMalui. MeToasl KOMIUIEKCUPOBAHUS,
npuBOAsIIMEe K 3HaYeHUsIM Vogy <0, clemayeT Takke CUuUTaTh HEyNauyHbIMH U B

JanbHeileM HCKIYaTh U3 paccMorpeHus. PaBeHCTBO Voey =1 cooTBETCTBYET

10
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TEOPETHUECKOMY TIPEACITy — MMOJTHOMY COXPAaHEHHUIO Pa3IMYUTEeILHON HH(DOpMAIuy Ha
KOMOMHMPOBAaHHOM H300paXEHUH OT ero cocrapisiomux. PaBeHctBo Voey =0
COOTBETCTBYET IOJHOW IMOTEPEe XOTSA OBl OAHOTO W3 Oa3MCHBIX HH(GOPMAIMOHHBIX

IMPHU3HAKOB ITPH KOMIIJICKCUPOBAHUU.

CpaBHeHHe MeTO/I0B KOMILIEKCHPOBAHUSA M CIIOCO00B OlleHKH 3 PeKTUBHOCTH
KOMILJIEKCHUPOBAHUS

Huxe npuBoOIMTCS CpPaBHUTEIBHBIM aHAM3 KOJMYECTBEHHOW  OIICHKHU
WH(GOPMATUBHOCTH KOMOWHHPOBAHHBIX HM300paKEHUH, TMOJYUYEHHBIX Pa3HBIMU
croco0aMu KOMILUIEKCUpoBaHusi, B ABycnekTpaibHoii TB-TnB CYB. lns cpaBHeHuUs
OBLITM BHIOpPAHBI U3BECTHBIE CIIOCOOBI KOMIUIEKCUPOBAHHUS 10 OTKPBITHIM MYOIHMKAIIHSM:

1) mpocroe ycpenHeHue,

2) TpéxmepHbIi GpuabTp HIKHUX YacToT (3D ®HY) [2],

3) Ha ocHOBe BeliBieT-ipeoOpazoBanus [4],

4) wmerton mo0OaBieHHs oTiHuni [4],

5) Ha ocHOBe upamMubl Jlarmmacuanos (8 yposHeit) [4],

6) Ha OCHOBE OlLIEHKH «UH(POPMATHBHOCTI [4],

7) ¢ anamu3om HkHUX YactoT (HY) u Bepxuux (BU) nzoOpaxkenwuii [4],

8) ¢ mpuopurerom TB kanaia [5],

9) Merox JOKAIBLHOIO CHHTE3A [7],

10) ©a ocHoBe muddy3HON Mopdoaoruueckoi ¢punbrpanuu [9],

11) Ha oCHOBE rucTOorpaMMHOIN Mopdonorndeckoii cermertaruu [10],

12) wmeron rnaBHbIX koMnoneHnT (MI'K) [13].

13) na ocHoOBe nmpeoOpa3oBaHus BETOBBIX MpocTpancTB RGB < YC,Cy, [16],
IIpu cpaBHeHun ucnonb3oBaduchk 17 map TB m TnB uBeTHBIX U MOHOXPOMHBIX
M300paXCHHUI ¢ Pa3IUYHBIMU CIOKeTamu. JIJisg mosydeHus JOCTOBEPHOTO pe3yibTara
BCe M300pakeHns1 ObUTH TIPUBEICHBI K OJJHOMY SIPKOCTHOMY THANa30HY CO 3HAYCHUSAMHU
sapkoct ot 0 o 255 Ha kanan. Ha puc. 2 npencraBieHa auarpaMma CpaBHEHHS
MH(OOPMATUBHOCTH KOMOWHHUPOBAHHBIX H300paXCHUH IO YCPEIHEHHBIM 3HAYCHUSAM

BEJIMYMH OIIEHOK IO METOJaM KOMIUJIEKCUPOBAHUS HA JaHHOW BBIOOpKE. 3elEHBIM

11
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I[BETOM OTOOpa)KCHbI OIICHKH, ITOJIYYCHHBIC IO mpemiaraeMoit merpuke (11-18),
Ha30BEM €€ «OTHOCHUTEJIbHBII 0O0BEM BOCHPUATHUS); OPAH)KEBBIM — TOJIYYECHHBIE C
MOMOIIIBI0 M3BeCTHOW MeTpukH [luemnsr [7, 9], Beruncnsemoi mo gopmynam (4-10);

CHHHUM 0003HAYEHBI Pe3yNIbTaThl H3MEPEHUS PA3HOCTH SHTpONHH 1Mo popmynam (2-3).

=2
s
o
—
]
=
<
T
=
T
s
=
L
m

M OTHOCUT. 06bEM BOCMPUATHMA ™ MeTtpuka MNuennbl PasHoOCTb sHTpONUM

Puc. 2. CpaBuenue 3pPpeKTHBHOCTH METOIOB KOMIUICKCHPOBAHUS H300paKeHUH

[IpoBenéM COMOCTaBUTENBHBIN aHAJIW3 MOJYYEHHBIX OLEHOK I Pa3HbIX METOJOB
KOMIUIEKCUPOBaHMsA € WX BU3yalbHbIM BochpusitueM. Ha pwuc. 3 mnpencraBieHbl
pe3yabTaThl KOMIUIEKCHpOBaHUs uCcXoaHbiX TB (puc.3¢) m TnB (puc. 30)
nzobpaxennit B AByx 3oHanmbHOM TB-TmB CVYB. Ha puc. 36 mokasaHo
KOMOMHHMPOBAaHHOE H300pak€HUE, IMOIYYEeHHOE C MOMOUIbI0 METOJla «Ha OCHOBE
ananuza HYU u BY wuzoOpaxeHuil», Hawiydllee C TOYKM 3pPEHHUS, KaK METPUKH
«Pa3HOCTb SHTPOIUMY», TaK ¥ MeTpuku [Tuerisl (puc. 2). BusyanbHO jke MbI BUIIHM, YTO
Ha HEM IIOJHOCTBIO yTpadye€Hbl XOJIOAHbIE TNB KOHTPAacThl, YTO HE COOTBETCTBYET
BBIOPAHHOMY KPUTEPHUIO0 MH(POPMATUBHOCTH. DTOT (HAKT MOKHO OOBICHUTH TEM, UTO

merpuka Iluemnbl, paspaboraHHas s aOCTPAKTHOW  OIIGHKH  «KAaueCTBa»

12
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KOMOMHHPOBAHHBIX HM300paXKEHUN, HE YUYUTHIBACT peanbHble HH(GOPMAIMOHHBIC
IPU3HAKHU, CBSI3aHHBIE C X BU3YyaJIbHBIM BocIpuaTHEM. OLIEHKA 10 SHTPOIIUHU TAKKE HE
YUUTHIBAET OCOOCHHOCTH BH3YaJIbHOI'O BOCIPHUSATHS, TaK KaKk HE OILIEHHUBAET
MPOCTPAHCTBEHHBIE 3aBUCHUMOCTH 3JIEMEHTOB H300paxkenus. C qpyroil CTOpOHBI, Ha
puc. 32 TOKa3aHO KOMOMHHMpPOBAHHOE H300pakeHHEe, MOJy4yeHHOEe ¢ mnomoibio 3D
®HUY, xoTopoe SBISICTCS HAWITYYIIUM C TOYKH 3PEHUS MPEII0KESHHOM OLIEHKH (pHC. 2).
[Ipu STOM BH3yaJbHO OHO IIOJHOCTBIO YJOBJIETBOPSET BBIOPAHHOMY KPHUTEPHUIO
MH(POPMATUBHOCTH, T. €. MMEET BBICOKYIO AETAIBHOCTh M Ha HEM IPAKTUYECKU

ITOJTHOCTBIO coxpaHserca TnB KoHTpacr.

Puc. 3. IIpuMepsl BU3yaIbHOTO COITOCTABICHHS METOJ0B KOMIUIEKCHPOBAHUS:
a) — ucxoanoe TB u300paxeHne ¢ BRICOKOH JeTalbHOCTBIO, 6) — ncxoqHoe TrnB n3o0paxeHue ¢
TnB KoHTpacTOM, 8) — KOMOMHHUPOBAHHOE N300paskeHre Ha ocHOBe aHanu3a HY u BU
U300paKCHUIA, 2) — KOMOMHUPOBaHHOE U300paxkeHue Tpéxmepusivm GHY

13
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[Ipemyiaraempiii aBTOpamMy METOJ KOJWYECTBEHHOW OLIEHKHM OTHOCHTEIBHOIO
00béMa paznuuaeMoil HHpOpMaIIUK MO3BOJIIET HE TOJIBKO YUCIEHHO OLEHUTH OOIIYIO
pE3yJIbTATUBHOCTh TOTO WA HWHOTO QJITOPUTMA KOMIUIEKCUPOBaHHS, HO U
MIPOAHAIIM3UPOBATH XapakTep €ro padoThl MO KaXIOMY W3 H3MEpeHuil o0néMa (CM.
puc. 1). Ha puc.4 mno BbeiOOpke u3 17-TM pa3NUUHBIX CIOKETOB IMPEACTABICHO
CpPaBHEHHE  BBIMICYIOMSHYTHIX CIIOCOOOB  KOMIUIGKCHPOBAHHUS B  IIJIOCKOCTH
(Reon — Rep), T.e. «TnB kKOHTpacT — pealMCTUYHOCTD BOCTIPUSTHS». JlMaMeTp IapuKoB

XapaKkTepu3yeT JeTaIbHOCTh (Rrr) n3o0paxkeHus.

Mopd. dunbTtpaums
‘ BenBnet-npeobpasoBaHue
\_, C npnoputetom | Kagpa
. # Mupamunaga flannacnaHos (8 yposHeit)
.

e MIK

KOHTPACT

¢ YcpeaHeHue

),

B
o
[a]
o
=
L
=
=

¢ [1o6aBneHne oTanunii
3D ®HY
* JIOKa/IbHbIN CUHTE3 NO APKOCTU
* [ucTorpammHas mopd. cermeHTaLmA
MpeobpazoBaHua useta (RGB <-> YCrCb)
* OueHKa MHPopmaTUBHOCTU (curma = 1)

#® AHann3 HY n BY coctaaatowmx

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

PEANTNCTUMNYHOCTDb BOCMHNPUATNA

Puc. 4. HpI/ISHaKOBaﬂ XapaKTCPUCTHKA METOA0B, JTUAMCTP HIAPUKOB OTBCYUACT 3a ACTAJIbHOCTD, I1O
METOJaM OHa ciabo pasiinvdacTca

N3 puc. 4 BUAHO, YTO BCE CPABHUBAEMBIE METO/IbI JAIOT B CPEIHEM MPAKTUYECKH
CXOXYI0 JIETaIbHOCTh KOMOMHHPOBAHHBIX H300paXEHUI, MPU 3TOM HaUXYIIIHMA
pe3yabTar 1o geraipHocTy nokasan MI'K.

K naumenee PCATUCTUYIHBIM MCETOAaM, KOTOPBIC CHJIBHO HMCKAaXar0T HMCXOAHBIC

14
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pacnpeziesieHus: sIPKOCTeH, OTHOCATCS METOJbl Ha OCHOBE Au(Py3HON Mopdoioruu,
N00aBJIEHUs OTIMYMM, BEHBIET-IPEOOpa3OBaHUsA, a TaKXKe JOKAJIbHBIM CHHTE3 IIO
APKOCTH.

CHIIBHO MCKaXKaroT TEIIOBbIE KOHTPACTHI (BIUIOThH JO OTPHULATEIbHBIX BEJIHYNH)
KOMIUIEKCUpOBaHUE Ha OCHOBE U (y3HOI MOP(OIOrHH, C UCTIOIB30BAHUEM BEWUBIIET-
npeoOpa3oBanusd U ¢ npuopurerom | kaapa (TB kanaia), 103TOMy HX IPAKTUYECKOE
ucnonb3zoBanue B CYB He xkenarensHo. [loutn oguHakoBo cedsl moka3aiau MpOCTOE
YCPEIHEHNE U KOMIUIEKCUPOBAHUE HA OCHOBE NUpamMuAbl JlarimacuaHoB, IpU TOM, YTO
NOCIeAHN MeTof OoJee BBIYUCIUTEIBHO TPYAOEMOK. lMes CX0Xuil YpOBEHb
BOCITPOM3BEICHUS IETAJICH U XOPOILYIO PEATUCTUYHOCTD BOCIIPUATHUS IIPU COXPAHEHUU
TEIJIOBBIX KOHTPACTOB, HAWIYYILIHE PE3YJbTAThl 110 CPABHEHHIO C PACCMOTPEHHBIMU
MEeTOJaMH Iokazai TpéxMepHbii @HY, KOTOPBIN HECYIIECTBEHHO OTCTAET IO TAHHOMY

KPUTCPHUIO OT MCTOAa I[O6aBJIeHI/I5[ OTJIMYMH.

3akiouenue

Pa3paboTana 00bEKTHBHASI METPUKA KOJMYECTBEHHON OLIEHKH NH(POPMATUBHOCTH
KOMOMHUPOBAHHBIX W300paXXeHU, OCHOBaHHAsl HA MEpEe COXpaHEHUsI (MCKaKEHUs) UX
pa3NTUYUTENbHON HH(OpPMAIIMU, COTJACYIONMIAsICs C BHU3YaJbHBIM BOCIHPHUSITHEM.
CornacHo npemyiaraeMoil TpéxmepHoil Metpuke (1o tpém msmepenusm: [I1, COII u
PEATUCTUYHOCTU BocmpusaTus), TpéxmepHsii @HY mo3BonseTr GopmupoBaTh Oosee
nH()OpMATUBHBIE KOMOMHHPOBAHHBIE H300paxeHus. ITOT (PAKT MOKHO OOBICHUTH
TEM, YTO OH pa3pabOTaH Ha OCHOBE OOILEN TEOPUH TUCKPETU3ALUU U BOCCTAHOBJICHUS
COOOILIEHUH MO UX OTCUETAM C TIOMOILbI0O MHOTOMEPHON MHTEPHOJISLNH, B TO BPEMsI KaK
OCTaJIbHBIE METOJbl HOCAT OJBPUCTHYECKMU XapakTep. B pamkax oOTMeE4YeHHOU
KJIacCU(PUKAUUKA OUEHKH HH(POPMATUBHOCTU JIAHHBIX, METPUKA «OTHOCHTEJIbHBIN
00BEM BOCTIPUATHS» OTHOCHUTCS K CTPYKTYPHO-CEMAaHTUUYECKHM TOJIXO0JaM, TaK Kak
OLICHKA MPOM3BOAMUTCS MYTEM MOJCYETA DJIEMEHTOB BHU3YaJbHOTO COOOILECHUS MpU
yuéte e€ IIEHHOCTHU U MOJIE3HOCTH 1T KOHEUHOTO TTOTPEOUTENS.

B zakmroueHme  OTMETHMM, UYTO  KOMIUIEKCHPOBAHHE  HM300paKeHUU B
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MYJIBTHCIIEKTPAILHBIX CHCTEMaX MOXET OBITh W BPEAHBIM, KOTJAa TOJBKO OAHMH H3
00BEAMHSAEMBIX KaHAIOB COJCPKUT MOJe3Hyr HH(popMarmioo. B 3roii myOnukamum
noJO0HBIE CITydaW HE paccMarpuBaroTcs. [103TOMy, pyKOBOACTBYSICH MONYyYCHHBIMH
HapaOOTKaMH, B JajbHEHIIEM IJIaHUPYETCs pa3padoTaTh Oe33TaJOHHYI0 METPHUKY
OLICHKH HH(OPMATUBHOCTH HM300paKCHUH JJIsI aBTOMAaTHYECKOTO BhIOOpa Hambolee

nH(popMaTuBHBIX kKaHajioB B MCVYB.
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