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Jlexuus Nel4. Kpurepuu oneHrBaHus KauecTBa BocipounsBeaeHus nzoopaxenuii C.M.Kupkopos

Jlexknus Ne 14. Kpurepuu onieHUBaHUS KA4eCTBA BOCIIPOU3BEACHUS
n300paxkeHuii (2 yaca).

14.1 Aaropurmbl, YYUTHIBAKOIIHE CHCTEMY BHU3YAJbHOI0 BOCHPUSATHS
Yyesi0BeKa

Pe3ynbTaThl 0OBEKTUBHBIX M3MEPEHUN JTOJKHBI XOPOILO COTJIaCOBBIBATHCS C
pesyibTaTaMu  CyOBEKTMBHBIX  M3MEPEHHM I  OJHOM W TOHM  XKe
BUJICOTIOCIIEAOBATEIBHOCTU. DTO TpeboBaHUE O0O0YCIaBIMBAET TJIaBHYIO CIIOXHOCTD
pa3paboTKu OOBEKTUBHBIX METOJIOB.

Ha npakTtuke, K COXaJl€HUIO, JOCTATOYHO YacTO BCTPEUYAIOTCS CUTYallUH,
KOTJIa HCXOJAHOE€ U 00paboTaHHOE M300paKEHHE KaxyTcs HaOII0IaTemio
UJCHTUYHBIMUA, B TO BpEeMs KakK OOBEKTHBHBIE METOABI MJisi TeX JKE€ CaMbIX
M300pKEHUN JTAal0T OYEHBb OOJBIIYI0 OMMOKY. YUYUTBIBAas TO, YTO OIEHKA KayecTBa
YEJIOBEKOM SIBJISIETCS pellarolieil, moao0Has MOTrpelIHOCTh NPU  OOBEKTUBHBIX
U3MEpPEHUsX ObIBaeT MPOCTO He momyctuma. [1o 3Toit mpuumHe ObLT pa3paboTaH psij
QITOPUTMOB, YUUTHIBAIOIIUX CUCTEMY BU3YaJIbHOI'O BOCIIPUSTHUS YEIOBEKA.

MyabTupasMepHas omuoka

OnHUM U3 HEOCTATKOB CTaHAAPTHBIX AJITOPUTMOB SIBISETCS TOT (akKT, YTO
BBIYKMCIICHUS OUIMOOK MPOU3BOIATCS C YYETOM BCETrO HCXOJHOTO H300paKeHHUs.
ANbTEpHATUBHBIMHU  SIBJISIIOTCS  M3MEPEHMs, HMEIOIIME HEKOTOPOE CXOJCTBO C
CUCTEMOI BU3YaJbHOTO BOCIIPUATHS YEJIOBEKA TyTEM MPUIKHCHIBAHMS OOJIBIIETO Beca
dbparMeHTaM ¢ HU3KUM pa3perieHueM, 1 MEHBIIIETO Beca AETATbHBIM U300PaKEHUSIM.

PaccMoTpum paznuuHbie ypOBHU pa3pelieHus, KOTopble 0003HaYnM 4epes I >
1. JIng Kaxa0ro ypoBHsS I' u300paxkeHne pasduBaercs Ha Oyoku ¢ b 1 mo by, roe n
3aBUCUT OT wIKaibl I. Hampumep, nipu I = 1 (camoe HHM3KOE pa3pelieHHE), TOJIbKO
onuH OJIOK TIOKpBIBa€T BCE H300paKeHUE, KOTOPOMY COOTBETCTBYET CPEIHHMA

ypoBeHb sipkocTH ¢. [Ipu I = 2 MBI UMeeM yxe deThipe 0J0Ka pazMepoM (%ng co

CPEIHUMU YPOBHSAMHU SAPKOCTU (11, 12, U21, U22. Ha r-m ypoBHe paspemienus Mol

6 6 1 G NN
yﬂeM pa oTaTh C JIOKaAMHU pa3Mep0M FXF ) KOTOprM COOTBGTCTBYIOT

ypoBHU spkocTH (i, 1j=1...2"%. Takum o0pa3oM, K KaxaoMmy OJOKy Dbjj,
HpUHAUISKAIIEMY H300pakeHHi0 C, MPUIUCHIBAETCS YPOBCHb SPKOCTH (i, a
§; cootBeTcTByeT mM300paxkeHmio C. CpeqHee HCKaKEHHE YPOBHS SPKOCTH IIPH

paspemennu r umeet Bec 2" . Clie0BaTenbHO, OMUOKA Ha 5TOM YPOBHE HMEET BH:
1 1 &
dr :?_ or 1 Z |gij =0 (141)
i,j=1
1 . .

rae 2 - KOIM4ecTBO OJIOKOB IO | WM MO j uHAeKcaM. Ecim paccMaTpuBaTh
BCHO COBOKYIIHOCTb H3 R ypOBHeﬁ paspeuicHus, Toriga OICHKAa HCKAKCHUA 6y,[[CT

BBIpaXKCHA Yepe3 CyMMY BCeX ypoBHE# paspemrenus r =1... R, T.e.

D(C,C) =ZR:dr (14.2)
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Bennunna R (koau4ecTBO ypOBHEH pa3pelleHHsI) ONpeAeIsieTcs] HaualbHbIM
pa3peleHueM UCX0IHOTO u(poBoro n3odpaxkenus. K mpumepy, ans uzo0paxeHus
pasmepom 512*512 R mpumer 3naueHue paBHoe 9. OOmias olleHKa HMCKaXEHUU B
BUJICOCUTHAJIE BBITJISIUT CIETYIOLUM 00pazoM:

K R
1y s (14.2)
K k=1 r=1
HNupexc kauecTBa u3odpakenus (Image Quality Index)
JlanHplii  aaropuT™M  BBIISLAMT  ciaeayromuM  oOpazom.  Ilycte

x={x|i=12.N}m y={y,|i=12..N} ecTb ucxoqHoe U 00pabOTaHHOE H300paKECHHU

COOTBETCTBCHHO. Torma MHIEKC KayecTBa M300pa)KCHUS BBIYHMCIISCTCS CICAYIOIIUM
obpazom:

Oy 2Xy ZGXO'y
_ O . 14.3
Q oo, X)+(*) o’+0/ ( )
Trac
X=E3x (14.4)
N &
_ 1 N
y==>y, (14.5)
N &
ot =1 (- (14.6)
CON-1g '
ol =1 S (y -7 (14.7)
y — N _1 — yi y .
N
ol =3 (% )y, - %) (14.8)
N-15

Wuneke Q mpuHHUMaeT BCEBO3MOXHBIC 3HAueHHE Ha mpomexyrtke [-1, 1].
Haunyudiiee 3HaueHre MHJIEKCA KA4eCTBA IOCTUTAETCS TOTJIa U TOJIBKO TOT/IA, €CIIH X
= y; aia Beex | = 1,2,...N u npuHMMaeT 3HaueHHE paBHOE enuHuIe. Hauxymmmii
BapuaHT (-1) mpoucxomut koraa Yi =2X - X; it Bcex 1 = 1,2,...N . JlaHHBIH HHIEKC
KauyecTBa paccMaTpHUBAET JIOObIE MCKAKEHHS KaK COBOKYITHOCTHh TPEX Pa3TMYHBIX
(bakTOpOB: MOTEPS] KOPPEISALUU, UCKAXKEHHUE SIPKOCTU U UCKAKEHUE KOHTPACTHOCTH.
[TepBast KOMIOHEHTA - 3TO KOYPDUIIMESHT KOPPEISAINHA MEXKTY X U Y, IPUHAIJIC)KATITAS
npoMexyTKy [-1, 1]. Hamnydiee 3HaueHue gocruraercs kornaa yi=ax; + b aus Bcex |
= 1,2,..N, rne a u b - xoncrauTsl u a >0. Jlaxke eciu x u y HAXOAATCS B JTUHCHHOMN
3aBUCHMOCTH MOTYT UMETh MECTO JIPYTHe UCKa)KCHUS, YCTaHABIMBAEMbIE BO BTOPOil
U TpEeTbe KOMIIOHEHTaX. BTopas KOMIIOHEHTa, NpPUHUMArONIas 3HAYEHUs Ha
npomexyTtke [0,1] onpenensier creneHb CX0KECTU SAPKOCTHBIX COCTABIISIIOIIUX JIBYX
n300pakeHuii X u Y. OHa MpUHUMAET 3HaUY€HUE paBHOE | TOr/a U TOJIBKO TOTJA, €CIIU
X=Y.A o, u o, PpacCMaTpPUBAIOTCS KaK OLEHKA Pa3HOCTU KOHTpACTa MEXAY X U Y,

Ta K€ NMPUHUMAIOIIAsl 3HAadYeHUs Ha npoMexytke [0,1] 1 mMeromas Hawrydmun
pe3ysbTaT npH o, =o,.
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Mepa kadecTBa BHJAE0 Ha OCHOBe JHCKPETHOI0 KOCHHYCHOIO
npeodopazosanus (Video Quality Measurement (VQM))

AnroputMm VQM ocHOBBIBaeTCs Ha UJiee€ O TOM, YTO B OOJBIIMHCTBE CIy4YacB
Ha0I0aTeNb MPU OLICHKE KadyecTBa M300pa)K€HUs MEHEe BHUMATEJIEH K MEJIKUM
JETaIsIM, B TO BpeMs KaK €ro OCHOBHOE€ BHUMAaHHE KOHIICHTPUPYETCS Ha KPYITHBIX
o0bekrax. CreoBaTeNbHO, BO3MOXKHO MPEACTABUTH BHICOKOYACTOTHYIO BPEMEHHYIO
U TIPOCTPAHCTBEHHYIO MH(POPMAIIMIO C MEHBIIEH TOYHOCTHIO, & MOTEPE KayecTBa B
TaKOM  Cllyda€ MOXKHO  IpeHeOpeyb, IMOCKOJbKY  YEJIOBEUECKHH  TJia3
MaJOYyBCTBUTEJIEH K UCKAXKEHUSIM Ha 1oJj00HOM ypoBHe. 1o 3Toii nmpuunHe, BMECTO
MOTMKCEIBLHOTO SIPKOCTHOTO CpaBHEHUS ABYX H300paKkeHW (OpUTHHAIBHOTO U
HCKOKEHHOT0) B QJITOPUTME OCYIIECTBIISIETCS CPABHEHHME B3BEIIEHHBIX YacTOT Ha
YPOBHE YEJIOBEUYECKOTI'0 BOCHPHUSITHSI.

Kpome Toro, mo MHEHHIO aBTOpa, HaWOOJBIINM MPUOPUTETOM IPHU OIICHKE
Ka4yecTBa, O0JaNaloT T€ YacTH H300paKeHHs, SPKOCTb KOTOPHIX Hambombmas. OH
OCHOBBIBAETCS Ha MPEANOJOKEHUH O TOM, YTO €CJIM 4YacThb H300paxeHus Ooiiee
spKasi, TO U UCKaXCHUSI Ha HEH JOJDKHBI OKa3aThCsl 00Jiee 3aMETHBI YEJIOBEYECKOMY
riasy.

Dranel anropuTma:

1. UYrenue O5I0KOB pazmMepoM 8X8 U3 MCXOJHOTO W HMCKAKEHHOTO
N300paKEHUM.

2.  Kaxapii OJIOK  MojBepraercs  JUCKPETHOMY  KOCHHYCHOMY
peoOpa3oBaHUI0, B PE3ybTaTe Yero MbI IodydaeM 2 MaTpuilbl 4acToTHRIX DCT-
KodhpurreHToB pazmepom 8X8.

3. Jns kaxmoro Onoka TPOU3BOAMTCS MacHITaOMpOBAaHWE YacTOT B
3aBUCUMOCTH OT €ro oOmieil sipkoctu. Pe3ynbratoM naHHOTO dTama SBISIOTCS JIBE
matpuiiel Local Contrast mist GJI0KOB M3 MCXOJHOTO M MCKaKEHHOTO M300pakeHU
COOTBETCTBEHHO:

0.65
DCT (i, j)(lg;j
LC(i, j) = 14.9
@ 1) o6 (14.9)
rne DCT(i,)) — wmarpuma pasmepom 8X8, sBIsIOmAs Pe3yJIbTaTOM

JUCKPETHOTO KOCHMHYCHOTO Ipeodpa3zoBanus ucxoHoro 6ioka, DC — ato cpeansis
SPKOCTh JAHHOTO OJoKa Mmepej] MpeoOpa3oBaHUEM, MMEIOIash HYJEBYIO HECYIIYIO
gacrory, T.e. DC = DCT(0,0).

4. Kaxzaplii OJIOK MoOJBepraercss MEJICHUI0 Ha CTaHAAPTHYIO MAaTpHUILYy
KBaHTOBaHMS, B pe3yJbTaTe IOJy4YaeM [BE MAaTPHUIIbl, COJEpXAIIHe B3BEIICHHBIC
YaCTOTHI C YUYETOM YEJIOBEYECKOI'O BOCHPUSITHS.

5. Bebluucnsem byHKIINIO IIPOCTPAHCTBEHHOMN KOHTPACTHOU
gyyBcTBUTenpHOCTH (Spatial Contrast Sensitivity Function, SCSF). [Iyns sToro 6epem
a0COJIFOTHOE OTKJIOHEHHE COOTBETCTBYIOIIMX JJEMEHTOB MOJYYEHHBIX MATPHII,
BBIYUCIISIEM HMX CyMMYy, J00aBisieM €€ K CyMMe YK€ MPOCMOTPEHHBIX OJIOKOB,
BBIYUCIISIEM MAKCUMAJIbHOE OTKJIOHEHUE COOTBETCTBYIOIINX SJIEMEHTOB MaTPHII.

6. Ha nocnennem 92Tame  MOpPOU3BBOAUTCS  BBHIYUCICHUWE  KauecTBa
BUJICOCUTHAJIA:
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VQM:10£ 1000 (sum) +5~maxj (14.10)
(widht - height)

rae SUM — 3To cyMMa Bcex abCOIOTHBIX OTKJIOHEHHM, MaX — MaKCHMaJIbHOE
U3 BCEX OTKJIOHEHWH TO BceMy Kaapy. Takum oOpa3oM, BBIYUCISETCS CPETHSS
omubka mo Bcemy Kaapy. Kpome Toro, oleHka kayecTBa H300paKeHUs
MIPOU3BOIMUTCS C YIETOM MAKCUMAJLHOTO OTKJIOHCHHS IO BCEMY KaJapy, MTOCKOJIBKY B
QITOPUTME JENACTCS MPEINOI0KEHUE O TOM, UTO OJTHO KPYITHOE UCKa)KEHHUE B OJTHOM
qacTH W300paKCHHs, OTBJICUET HAIle BHUMAaHHE OT 0oJiee MEIKHX HCKAKCHHH B
JPYTHX YacTAX Kajapa.

14.2 Moandukanuss aJropurMOB OLEHKH KayecTBAa H300paKeHUsi ¢
NpPUMeHEHNEM MpeIBAPUTEILHOM 00padoTKHU

I'paduuyeckue JuHeHbIE PUIBTPHI.

Hang  mo0biMm  u300pakeHHMEM  MOXHO  MPOU3BOAWTH  Pa3iUYHbIC
npeoOpazoBaHus, MO3BOJISIONINE U3MEHITh UCXOAHYI0 KapTUHKY. OCHOBHOM II€IBIO
TaKoro mpeoOpa3oBaHus SABJISIETCS YCUJICHUE WM YMEHBIIEHUE KaKUX JUOO0 CBOMCTB
UCXOJHOTro u300paxkeHua. HawuOosiee mnpocTbiMu NpeoOpa30BaHUSAMH  SIBISIOTCA
JIOKaJbHbIE MPe0oOpa3OBaHMsl, 3aTparuBarOlIMe BMECTE C OIpPEAEIICHHBIM IHKCEIEeM
JIUIIL €r0 HEMOCPEICTBEHHYIO OKPECTHOCTh (3TO 3HAYUT, U3MEHUTH 1IBET MUKCEIIS B
COOTBETCTBMM C I[BETOM €ro Ommkalliux coceled) C LeNbl0 JOCTHXKEHUS
Hekotoporo »addekra. Takue mnpeoOpazoBaHusi HaszbIBaloTCsa @uivmpamu. C
UCXOJHBIM M300paKEHHEM MOXKHO padOoTaTh, KaK C OOBIYHOM MaTpPHIICH, BBIMOIHSA
HAJ, HUM pa3JIM4YHbIE YHUCJICHHBIE TpeoOpa3oBaHusa. HTEHCMBHOCTh KaXI0To
MUKCEIsT M300paXeHusi - pe3yjbTaT JACHCTBUA (PUIBTPA BBIUUCISETCS C TMOMOIIBIO
BO3/IeHCTBUS (UIBTPA HA COOTBETCTBYIOIIUN IMUKCENb HCXOAHOTO M300pa)KEHUs U
€ro OKPECTHOCTb.

Kaxnpli nuHEeWHBIM GUIbTp F MOXHO MpeacTaBUTh B BHUIAE MATPHIIBI
pasmepom (2N+1)(2M+1), rne N u M - pa3mepsl (IpAMOYTroJIbHOM) OKPECTHOCTU MO
TOPU30HTAIM U BEepPTUKATU. VHTEHCHUBHOCTh MHUKCENS HMCXOIHOTO HM300paKEHUS C

KoopauHaTaMu (X, Y) Ipu BO3JIEUCTBUU TaKOro (PUIIbTPaA BHIYUCISECTCS MO popmyTie:
N M

IXVY - Z Z Fi,j|i+x,j+y (1411)

i=—N j=—M

PaccMmoTpum nipocreiinii npumep rpapuyeckoro ¢puibTpa (Tadauna 2). 3to

¢bunbTp 3X3, TO ecTh 00sacTh ACHCTBUS (PUIbTPA 3aXBaThIBAET CaM IUKCEIb U €ro
OJIMKAUIIINX COCENEN.

Tabmuma 2. Ilpocteitmuii GUABTp — pa3MbITHE HCXOAHOTO H300paKeHUS

(blur)
1 1 1
99|09
111
9 9 9
1 1 1
9 9 9
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Takum o6pa3om, 4TOOBI MpeoOpa3oBaTh OAMH MHUKCETh B H300paKeHHH,
HEO0OXO0JIMMO YMHOXKUTh 3HAUEHUE €r0 1IBETA HA YUCJIO B IIEHTPE MATPHUIIbI, KOTOPYIO
colepkut (GuiIbTp. 3aTeM YMHOXXae€M BOCEMb 3HAYCHUM I1IBETOB IHKCEJEH,
OKpY>XKalOIUX I[EHTPAIbHBIM MUKCEIh, HA COOTBETCTBYIOIIME UM KOI(P(OUIIMEHTHI
bunpTpa, CyMMHUpPYEM BCE JEBATh 3HAYCHUM, M MOJy4aeM B pe3yJbTaTe HOBOE
3HaUYEHUE I[BETA IIEHTPAIBHOTO MHUKCENIS. DTOT MPOLECC MOBTOPSETCS IS KaxIoro
NUKceNss B M300paXEHUH, TEM CaMbiM H300pakKeHHe, Kak MPUHSATO TOBOPUT,
bunbTpyerca.  Koadbduumentst ¢dunpTpa onpeaensioT pe3yibTaT  Ipolecca
bunbTpanuu. B nanHoM npumMepe pe3yibTaToM JEeUCTBHS QuiibTpa OyIeT mpocToe
yCpellHeHHe WHTEHCHUBHOCTU THKceled B obmactu 3X3. DTo mpocteimuil GuibTp,
NpUBOASAIIMA K pa3MbiBke wu3o0Opaxkenus (blur). 3amerum, 9to cymMma Bcex
DJIEMEHTOB MaTpHIl paBHa 1, TO ecTb OOmas HMHTEHCHUBHOCTh HW300PaKEHUS
coxpaHnsierca. Takoe CBOHCTBO (uiubTpa SBISETCS OYEHb BaXXHBIM IpH
MOCJIeI0BAaTEIbHOM MHOTOKPAaTHOM €ro MPUMEHEHHH. DTO O3HAYaeT, UYTO KaxKJblil
MUKCENb MOTJIOTUT YTO-TO M3 I[BETOB COCEEH, HO MOJIHASL SAPKOCTh H300paKCHUS
OCTaHETCS HEU3MEHHOM.

Ecou xe cymma koadduimentoB Oosbiie 4yem 1, SPKOCTb YBEJIMYUTCS;
MeHbIIIE | - IPKOCTh YMEHBIITUTCSI.

Euie onHol naeent aBisercs BBeieHUE B (PUIBTP OTPUILIATENBHBIX YHUCEI, YTO,
BOOOIIIE TOBOPS, MPUBOJUT K JACHCTBHIO, 00paTHOMY pa3MbIBKe (Sharpening), To ectb,
JIBa IEPBOHAYAJILHO OJIM3KUX IIBETA YJAJISIOTCS IPYT OT JIpyra.

Crexktp npumeHeHHUs rpaduyecKux QUIHTPOB OYEHb BEJIUK, HAUYWHAS C
Koppekuuu muGpoBbIX Qororpaduii MW 3aKaHUMBAs CO3JaHHEM CICIHATBHBIX
3¢ PEeKTOB HA KCXOTHBIX H300PAKCHUSX.

IIpenBapuresibHasi 00padOTKA MCXOHOTO M HCKAKEHHOT0 M300paKEeHH .

OddexTuBHBIN TOAXOA K TONYYEHUIO OICHKA KadecTBa IU(POBOTO
BUJICOCUTHAJIA 3aKJIFOYAETCsl B MPEABAPUTENHHOM O00pabOTKE WMCXOJHOTO W
3aKOJAMPOBAHHOTO H300pa)KEHHUsI, MOCIe KOTOPOM MPUMEHSAETCS OJIUH W3 YXKe
W3BECTHBIX AJITOPUTMOB OIIEHKHU KauecTBa.

JlaHHBIA aJrOpuTM OCHOBAH HA NPEAINOJIOKEHUM O TOM, 4YTO CHUCTEMA
BU3yaJIbHOTO BOCIHPHUSATUSI YEJIOBEKA HAMpaBjieHa Ha W3BICUEHUE CTPYKTYPHOMU
uHdopmamu U3 HaOmomaemoro wuzoOpaxkenus. CreaoBaTelibHO, HW3MEPEHHE
U3MEHEHU CTPYKTYpHOH HWH(MOpPMAIMU MOMXKET OKa3aThCsl HEIUIOXOM OLEHKOU
BU3YaJIbHO BOCIIPUHUMAEMbBIX UCKaKEHUN B 00pab0TaHHOM M300paKeHHH.

B 1memsx wu3BnedYeHUs CTPYKTypHOHW HH(OpMAIMM K HCXOJHOMY U
MOJIYYCHHOMY U300paKCHHSM MPUMEHUTD YEThIPe JIMHEUHBIX Tpaduuecknx GuibTpa
ompeneneHuss rpanui pazmepom 5SX5. IlepBwiii ¢unsTp (Tabnuna 3) mnpusBaH
OTIpeNIeNsATh BEPTUKAIBHBIE TPAHUIIBI ABYX H300pakeHHU, a BTOpoil (Tabmuma 4)
TOPU3OHTAJbHBIC, 1Ba Ipyrux ¢uibTpa (Tabmuma 5 w Tabmuma 6) mpU3BaHBI
ONpPEIeIIATh AUaroHalIbHbIE TPAHULIbI PA3HON OpPUEHTAIUU.
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Tabnuma 3. ®unbTp, ONpeAeSIONINi BepTUKAIbHbIE TPAHUIIBI

o0 0]0]|O0
11000 |-1
2 11|10 ]-1]|-2
110]0]0 |-
OO0 0]0]|O0

Tabnuia 4. @unbTp, ONpeaeIIIONUNA TOPU30HTAIBHBIE TPAHULIBI

o|j1}2|1|0
0|0} 1]01|0
0] 0}0]|0|O0
0|0 }|-1]01|0
O|-1}-2|-1|0

Tabnuna 5. ®uasTp, ONMPEACTAIONMNNA TUATOHATLHBIC TPAHUITH 1-TO THTIA

2 (1 (0 |0 |0
1 |1 |0 (0 |O
o (0 (0 |0 |0
o (0 (0 |-1 |1
o (0 [0 |-1 |2

Tabnuna 6. ®uabTp, ONPEAETAIOMNNA TUATOHATLHBIC TPAHUIIBI 2-TO TUTIA

O] 0| 0]-1]-2
O] 0|0 ]|-1]-1
0] 0] O

1 (1000
21 1]0]07]0

Yrobsl mnpeoOpa3oBaTh OAMH IMHKCEIb B HM300paXKEHUU, HEOOXOAUMO
YMHOXHUTh 3HAQUEHHE €ro I[B€Ta Ha 4YUCIIO B LEHTpe (uiabTpa. 3areM HEoOXO0IuMO
YMHOXUTb 24 3HaU€HUS LIBETOB MUKCEEH, OKPYKAIOIIMUX LEHTPAJIbHBIA MUKCEIb, HA
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COOTBETCTBYIOIIKE UM KOA(P(UIIMEHTH! (PUIBTpa, IPOCYMMHPOBATH BCE 25 3HAYCHUIA.
B pesynbrare mMpl IojgydaemM HOBOE 3HAYEHHE LIBETA LEHTPAJIbHOTO MUKCENA. JTOT
IIPOLIECC ITOBTOPAETCS AJIs KayKIOr0 MUKCENS B U300pakKeHUH.

Crenyrolmum 3TanoM SBISETCS NPUMEHEHUE OJHOTO M3 AJITOPUTMOB OLIEHKU
KayecTBa LU(POBOr0 BHACOCUTHAJIA JJIA YEThIPEX KapT TpaHUl] B OTAEIbHOCTH,
BEPTUKAJIBHOM, TOPU30HTAIBHOM, U JBYX AUArOHaJbHBIX. BeIUMCIECHUE METPUK IS
KapT TpaHULl HEOOXOJUMO C LEJbI0 OIpeleieHUs] MaclTada MCKaXEHUM TpaHHMIl
O0OBEKTOB Ha H300paXKEHHUHU, IOCKOJBKY TI'paHUIBl OOBEKTOB SIBJIAIOTCS TIJIaBHOU
COCTaBJISIIOLIEH CTPYKTYpHOU MH(pOpMaLUK.

Ha TperpeM, 3aKkiIlOYMTENIBHOM JTame, C LEJb0 ydeTra TIPaHull,
OPMEHTUPOBAHHBIX II0 YETBIPEM HAIPAaBICHUAM, pPE3YyJbTaT YCPEIHSETCA II0
BEPTUKAJIbHOM, TOPU30HTAIBHOW, U TUArOHAJIBbHBIM COCTABIIIOLIUM.

14.3 Kpurepun kauecTBa BOCCTAHOBJICHHSI M300paKeHUSA

JI1st CpaBHEHHMSI pa3IUYHBIX aJTOPUTMOB CHKaTHUS UCIIOIB3YIOTCS CIEAYIOIINE
00BEKTHBHBIE KPUTEPUHU KAUECTBA.

1. CpennekBaapaTryeckas onrmoka (Mmean square error) wim cpeaHui KBajapaT
OLINOOK

1 ~
MSE = WZLZL[B(W n) —B(m, n)]?, (14.12)
2. Cpenusis abcommoTHast omnoOka (mean absolute error)
1 ~
MAE = WZLZL B(m, n) - B(m,n)| (14.13)

3. HopmupoBaHHas cpenHekBaapaTrueckas ommoka (normalized MSE)

~ 2
NMSE =" 5" [B(m;n)-B(m,n)* /3" 3" [B(m,n)] (14.14)
4. HopmupoBanHas abcosrotHas omroOka (normalized absolute error)

NAE =33 [B(m,m) —B(m. )]/ > [B(m.n) (14.15)

5. Otnomenue curaai/mym (signal to noise ratio)

M N L2 M N =~ 2
SNR =10l0g,, Y > [B(m;m)* /Y 3" [B(m,n)~B(m,n)] (14.16)
Hcnons3oBanue morapudmoB craaxmBaer MSE u nemaer ee MeHee
YyBCTBUTEIHHON K MaJbIM U3MEHEHHUSIM BOCCTAHOBIISIEMOTO M300paKECHHU.

6. [TukoBoe oTHomeHue curHan/mywm (peak signal to noise ratio)
Ha npaxtuke ucnons3yercs monupukanus mepsl MSE u nazpiBaetcs PSNR
(peak of signal-to-noise ratio). PSNR waie apyrux mapamMeTpoB IMPHMEHSETCS s
OLICHKHU CXOJICTBA MEXIY MCXOJIHBIM U BOCCTAHOBIIEHHBIM U300PaKEHUSIMH.
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[lo cpaBuenuto ¢ MSE pannas mepa xopomia TeM, YTO HCYHCISAETCS B
JorapuMHUUYECKOH IIKale Mo aMIUMTyAe (B Aenubenax). ITO BaKHO, TaK Kak IJa3
BOCIIPUHUMAET CUTHAJ Tak»Ke B JOrapu(pMUUYECKOHN LIKaJle MO aMIUIUTYIE U MO3TOMY
YCWJICHHE aMIUIUTY/Ibl CUTHaja B JIBa pa3a HE O3HAYAEeT [JIsl YEJOBEKA YJIyUIIECHHS
KayecTBa U300pakE€HUsS BO CTOJIBKO XKE pas.

(2-1)
PSNR =10log : (14.17)
MSE

rae b — yrcno Out Ha 3HAYCHHE THKCENs H300PAKCHHS.

OpHUM W3 HEAOCTATKOB JAHHOW MEPHI ABIISIETCS] BBICOKAsl UyBCTBUTEIBHOCTh K
CpPEeIHEMY OTJIMYHUIO CUTHAJIOB 110 AMIUIUTYZAE, YTO MOXET MPUBECTH K OIIMOOYHOMY
pe3yJsibTaTy, B Cllyyae, KOIJa CHUCHajdbl HEMHOIO OTIHWYalTCsS B CPEIHEM IO
amruintye. OU3N0NOrus 3peHUs U TICUXOJIOTHS BOCTIPUATHS U300paKeHUs YeI0BeKa
HACTOJIBKO CJOXHBI, YTO O CHUX IIOp HE CYyIIECTBYET CIOCO0a MaTeMaTH4ECKOIro
pacuera CTeNeHU BU3yaIbHOM CXOXKECTH JABYX U300PAKEHUM.

7. Cpennss pasnocthb (average difference)

1 -
AD = "> [B(m,n) - B(m,n))] (14.18)
8. MakcumainbHas pasHocts (maximum difference)
MD = Max(|B(m, n) — B(m, n)|) (14.19)
9. CtpykrypHOe coaepxumoe (Structural content)
M N 2
B(m,
¢ - L1 [BM0)] (14.20)

z:::lz:ﬂ[é(m’n)]z



