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OHIHKA E®EKTUBHOCTI CTUCKY I AKOCTI BIJHOBJIEHHSA 305PA’KEHD
ITPU OB'€EKTHO-OPIEHTOBAHOMY HIAXOAI 10 CTUCKY 30BPA’KEHb

Ipusedeni pesynvmamu eKCnepumMenmie 3a OYiHKOW epeKmueHOCmi CMUCKY | GIOHOBNIEHHS CIAMUYHUX
300padicerb Memoodamu Ha OCHO8 00’ EKMHO-0PIEHMOBAH020 NIOX00Y CIMUCKYBAHHS

00’ EKMHO-0pPiEHMOBAHUIL RIOXIO CIMUCKYS8AHHA 300PAICEHD

INocTranoBka 3amaui

AHaIi3 Cy4acHHX MiAXOIIB i METOMIB CTHCKY300-
paxkeHb IIOKa3ye, 10 B CUCTEMaX ONTUYHOTO MOHITOPH-
HTYy 3eMJIi OJIepKyBaHi 3HIMKHU MiJJIAIOTHCS CTHCKY IIJI-
koM (6e3 posmineHHs Ha 300paxxeHHs 00'€KTiB i (oH)
[1]. Takwii miaxin TPU3BOAUTH IO TOTO, MO MPHU BHCO-
KOMY KoeimieHTi CTHCKY 300pakeHHS 00'€KTiB HEMpH-
MYCTHMO CHOTBOPIOIOTBHCS, a JIHIMHI 1 Majopo3MipHi
300pakeHHS O0'€KTiB B3araji 3TIaKyIOThCS 1 Tpora-
JAI0Tb.

3a muM OyB  3amporOHOBaHHWNA  00'€KTHO-
opienroBanuii minxia (OOII) 10 BeAeHHS MOHITOPHHTY
moBepxHi 3emii [4], mo monsTae B KOMIUIEKCHOMY BH-
KOPUCTaHHI METOIIB CTHCKY LU(PPOBUX 300paKeHb.
CyTb miznxoay IoJjsira€ y BUAUICHHI Ha OJEp)KaHHUX 30-
Opa’keHHSX MOBEPXHI 3eMJIi 00'€KTIB 1 CTHCKY X MeTo-
oM 0e3 BTpaT 3 METOI0 30epeeHHs SIKOCTI 300pakeH-
Hs 1 HeraHoi nepesayi.

Ilpn ©BOMY NPONMOHYETHCS 3aranbHe OJCpIKaHe
300pakeHHsl, IapaleIbHO CTHCKAaTH METOIOM CTHCKY 3
BTpaTaMd Ha OCHOBI OPTOrOHAJbHUX IEPETBOPEHb 3
METOI0 JIOCATHEHHS MaKCHMAJIBHOTO CTYIEHS CTHUCKY
300pakeHHS 1 MOJTANBIIIOTO HOTO IepeIadi.

Meta cratri. O1iHUTH e()eKTHBHICTh CTHCKY 1 Bi-
JTHOBJICHHSI CTaTWYHUX 300pakeHb NpPU 00'€KTHO-
OpIEHTOBAHOMY MiIXOi IO CTUCHEHHS 300pakeHb.

AHani3 Jjitepatypu. Buxonsaun 3 anamisy mitepa-
Typu [6, 7] mopiBHsUTbHA OIliHKA ¢)EKTHBHOCTI CTHCKY i
BIZIHOBJICHHSI 300pa)KEHb MPOBOAUTHCS 32 HACTYIHUMHU
KITACHYHUMU TTIOKa3HUKAMH:

K, — KOeQII[IEHT CTUCKY IO XapaKTEePU3YE CTY-
IiHb CTUCKY 300pakeHb;

O — cepeaHbOKBAJPATHYHE BIIXHUICHHS BIiJIHOB-
neHoro 300paxenHs (CKB), mo cy6'ekTHBHO XapakTe-
pU3ye SKICTh BiTHOBICHHS 300pakeHb;

t

300pa’keHb.
IMopiBHSAHHS MapamMeTpiB 3ampOIIOHOBAHHMH Me-
togamu [6, 7] Ha ocuoi OOII 3 icHyrOYMMH CTaHaap-

t, — 9ac BHKOHaHHA CTHCKY 1 BIZHOBJIEHHS

cm Y

TaMH CTHCKY 300pakeHb MPOBOIMIOCS a KOXKHUM IMOKa-
3HUKOM TipH (ikcoBaHUX THIIHX [6].

OcCHOBHA YacTHHA

[NopiBHsTbHA OLIIHKA CTYIECHSI CTUCKY 300pakeHb.
HaiiBa)xnmBimIo0 XapaKTepHCTHKOIO CTaHAAPTIB 1 Me-
TOJIIB CTUCKY 300pakeHb € CTYIiHb CTUCKY 300paXKeHHs
[5, 6]. Came 3meHIICHHS 00'€eMy JaHHX BU3HAYAE (QYHK-
IOHAJIbHY MPUIATHICTH PO3POOJICHOr0 METOJy Ha Oc-
HOB1 OOII 11 crcTeM MOHITOPHHTY 36MHOI TIOBEPXHI.

Sk mokaszaB aHali3 PE3yIbTATIB EKCIIEPHMEHTY,
omucanoro B [6]: s cepeaHbO- i BHCOKOHACHUCHUX
300paxkeHb KOe(illieHT CTUCKY, 3a0e3MMeYyBaHOI0 PO3-
poOIIeHUMH aNTOPUTMaMH CTUCKY Ha ocHOBI J{I1X Bute
B cepesiHbOoMY Ha 25%, unM Kkoe(illieHT CTUCKY, 3a0e3-
negyBaHoro cranpapramu crucky JPEG i JPEG2000,
MpHU [FOMY MaKCHMaJbHE 3HA4CHHS KOoe]ilieHTa CTHC-
Ky Ul PO3pOOJIEHHX aJITOPUTMIB CIIOCTEPIraeThCs MPH
CTHCHEHHI BUCOKOHACHYEHHX 300pa)K€Hb MOHITOPUHTY
3eMHOI noBepxHi. [IpoTe, X0Ad4H i3 TOro, IO MPOIIO-
HOBaHHWW 00'€KTHO-OpPIEHTOBAaHMH MiAXia mnependadae
BUJIIJIEHHSI 300pakeHb OO0'€KTIB 1 CTHUCKY iX OKpeMUM
NITOPUTMOM, OYB IPOBE/ICHUN EKCIIEPUMEHT 3a BH3HA-
YeHHAM €(QEeKTHBHOCTI CTHCKY 300pakeHb 00'€KTiB CTa-
Haapramu crucky JPEG 1 JPEG2000.

Buxonsuu i3 CTpyKTypH pO3DISIHYTHX CTaHJIapTiB,
Oyo 3po0IeHe MPUITYIIEHAS PO 3aIEKHICTh e(heKTHB-
HOCTI CTHCKY BiJ| PO3MIpiB 300pa)keHb. 3 MLi€I0 METOO
OyJiu IIpOBEJICHI EKCIIEPUMEHTH 110 CTHCHEHHIO CTaTHY-
HUX 300paXe€Hb CEPEJHbOr0 CTYINEHs HAacHYeHOCTI 3a
JIOTIOMOTOI0 BKa3aHUX CTaHAAPTIB IIJISIXOM BHOOPY MO-
poriB ¢ineTpamii [2, 6]. Ski mokasanu, mo egexTHB-
HICTP CTHCKY MAaJIOPO3MIpHHX 300paKeHb Ha OCHOBI
JPEG na6mmxkaerscs 1o 1, a JPEG 2000 me 3aiiicHioe
CTHCKY, 10 JIa€ IIPaBO TOBOPHUTH MPO HENPUMHUPEHHICTh
JIAHUX MiIXOMIB 0 CTHCKY MaJIOPO3MipHUX 300pakeHb
00'eKTiB.

Buxopasuu 3 115010, 6yB IpOBEIEHHUH €KCIIEPUMEHT
32 BHM3HAUEHHSM CEpPEeJHBOrO 3HAueHHs KoedilieHTa
CTHCKY 300paKeHb, OJICp’)KaHHX B pe3yJbTaTi MOHITO-
PHHTY 3€MHOI IIOBEPXHI, VISl METOJy CTHCKY 300paKeHb
Ha ocHOBi OOII| i METOIB CTHCKY 3 BTpaTaMH, peaizo-
BaHMMH B cepTH]ikoBaHUX cTaHmaprax ctucky JPEG i
JPEG2000 3 ¢ixcoBannm 3HaueHHssM CKB. Ilpukman
OJTHOTO i3 300pakeHb MpeCcTaBIeHuH Ha puc. 1.

130

© 1.B. Pyban, M.M. Konmmukos



Teopemuuni ocrosu po3podKu cucmem 030pOEHHA

Puc. 1. IIpuxian 3006paxkeHHs, 0JJep>KaHOTO B Pe3yIbTaTi MOHITOPHHTY 36MHOI HOBEPXHi: @ — OYATKOBE 300pasKeHHS;
0 — movaTKOBE 300paskKeHHs MiCIIsI BUAUICHHS 300pakeHb 00'€KTIB; B, T' — CTHCII 300pakeHHs ITpu ofHakoBoMy 3HaueHHI CKB
crannaprom JPEG i nmpononoBanumu anroputMamu Ha ocHoBi OOII BifnoBizHO

3aJeKHOCTI CepeJHbOr0 3HA4YeHHS KoedilieHTa
CTHCKY 300pakeHb, OJCPKAHUX B PE3yJIbTaTI MOHITO-
PHHTY 3eMili, 3a0e3MeuyBaHIMH ITPOIIOHOBAHUMH METO-
JaMH, 1 CTaHAapTiB CTHCKY Bix % po3Mipy 300pakeHb
00'€KTIB, 1110 BUAUBIIOTHCS, IPU 30epexkeHH] HeoOXiaHOT
ix sikocTi puBeAeHi Ha puc. 2. [Ipu HbOMy MakCHMalIb-
Ha KUTBKICTh 00'€KTiB, O BUIUIAIOTHCS, Ha 300pakeHH1
MOHITOPHHTY 3€MHOI MTOBEPXHI MOXKE 3aiiMaTh He Oilb-
nre 20 % posmipy Bchoro 306pakensst [1].
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Puc. 2. 3anexHicTh KoedimieHTa CTUCKY Bia % po3mipy
300pakeHb 00'€KTIB , 110 BUALISIOTECS, VI PO3POOIEHOTO
Mmetoay Ha ocHOBi OOII i cTaHmapTiB CTUCKY 300pakeHb

AHaii3 pe3ybTaTiB eKCIIEPUMEHTY TO3BOJHB 3PO-
OUTH psiJl BACHOBKIB:
— 7151 300paeHb, OJICPKAHUX B PE3yJIbTaTI MOHI-

TOPHUHTY 3eMJi 1 300pakeHb O0'€KTIB, 11O MICTAThH IO
10% — 15% po3mipy, KoehillieHT CTHCKY, 0 3abe3re-
Yy€eThCs PO3POOJICHUMH aNrOPUTMAMHU BHIE, HIK KoOe-
(hirieHT cTHCKY, 3a0€3MedyBaHOrO CTaHAAPTAMH CTHC-
KY;

— 17151 300paXKeHb, 10 MICTATh oHan 15% po3mipy
300paxkeHb 00'eKTiB, KOe(IIliEHT CTHCKY, IIo 3abe3re-
Yy€eThCsl PO3POOICHUMH aNrOPUTMAaMU HE 3HAYHO HHK-
4e, HDK Koe(illieHT CTUCKY, 3a0e3IeuyBaHOr0 CTaHap-
TaMU CTHUCKY, TIPOTE TPHU IIbOMY 300paKeHHS 00'€KTIB
CTHCKAIOTHCS 0€3 CIIOTBOPEHHS.

OTxe, Lie AO3BOJIIE IIPO BHCOKY €(eKTHBHICTH
CTHCKY Ha OCHOBI 00'€KTHO-OPI€HTOBAHOTO MiAXOY IPH
00po011i 300paskeHb, OJEp)KaHUX B pe3yJbTaTi MOHITO-
PHUHTY 3eMITi

Topignanvna oyinka 4acy 6UKOHAHHA CIMUCKY 30-
Opadicens, ONEP)KAHNX B PE3YNbTaTi MOHITOPUHTY 3eMITi
Jlnst mopiBHSJIBHOT OIIHKM 4Yacy BHUKOHAHHS CTHCKY 1
BiJTHOBJICHHSI 300pa)kKCHb Ha OCHOBI PO3POOJICHOTO Me-
TOJy 1 CTAaHAAPTIB CTUCKY PO3TISTHEMO YacOBI CKIIAIOBI
BUKOHAHHSI CTHCKY 1 BiTHOBJICHHsI 300pakeHs [3, 6].

OTKe, 4ac CTUCKY 300paKeHb METOZOM Ha OCHOBI
OOII cknafaeTbes 3 HACTYMHUX CKIIAIOBUX!

tcr = tmu( + tcrI[HX + tCT_OG, (l)
ne t.; —gac ctucky meroxom Ha ocHoBi OOIT,; t;,, — gac
BHUJITCHHS 300pakeHb 00'€KTiB; lomx — 9ac CTHCKY
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300paxeHp meronoM Ha ocHoBi JIIX; t;; o6 — "ac cTuc-
Ky 300pa)<eHb 00'€KTIB.

BinmoBimHO, Yac BiIHOBICHHS 300pakKeHb METO-
oM Ha ocHOBI OOII ckitagaeThCst 3 HACTYITHUX CKJIAJ0-
BHX:

ty = tyanx + ts_os, 2

ne t, —yac BigHOBIEHHS MeToAoM Ha ocHoBi OOIT;
tyanx — 4ac BiIHOBIEHHS 300pa’keHb METOJIOM Ha OCHO-
Bi JITX;

t; 06— Uac BiJHOBIEHHS 300pa)KeHb 00'€KTIB.

[Ipy npOMy B BiJICOTKOBOMY CIiBBIHOIICHHI 4ac
CTUCKY 300pakeHb MeTonoM Ha ocHOBI JIIX temx 3a-
iimae 85 — 90 % BChOro 4Yacy CTHUCKY 300pa)KeHHS,
OTPUMAHOTO B PE3yJbTaTi MOHITOPHMHTY 3emii i, uac
BUJINICHHS 300pa)keHb OO0'€KTIB 1y, IMO3UYae OIM3BKO
7% Big BCHOTO Yacy CTHCKY 300pa)KCHHS, a 4acC CTHCKY
300paxeHb 00'€KTiB ty; o5 — BiAmoBigHO 6113bK0 3 — 8 %
[6] 3anexHO Bij KiNbKOCTI BUILICHHX 00'€KTIB.

Buxonsuu 3 1bOro, HaAWOLIBII KPUTHYHHM € Yac
CTUCKY 300paxkeHb MeToAoM Ha ocHOBI JIIX tomx.
[Tpn npoMy, SIK TOKa3aB aHaJi3 pe3yNbTaTiB eKCIIepH-
MEHTy, omucaHoro B [6]: yacy BHKOHAHHS MPSMOTO i
3BOPOTHOT'0 IIEPETBOPEHHS XapTii, AKE JIEKHUTb B OCHO-
Bi JAHOTO METOJy CTHCK, B 7 pa3iB menure Hix y JIKII,
sKe € ocHOBOIO cTaHmapTiB crucky JPEG 1 JPEG2000
[2, 3]. Orxe, me mO3BOJISIE TIPUITYCKATH 1[0, YaC BHUKO-
HaHHS CTUCKY 300pakeHb METOJIOM Ha OCHOBI 00'€KTHO-
OpIEHTOBAHOTO MiaX01y OyJie 3HAYHO MEHILIHH, HIX Yac
cTHCcKy 300paxens ctanmapramu JPEG i JPEG2000.

3 MEeTOr NepeBipKH IbOT0 MOPIBHSHHSA OyB Ipo-
BE/ICHUI PO3paxyHOK 4acy CTHCKY 300paKeHb, OJiepiKa-
HUX B Pe3yJbTaTi MOHITOPHHTY 3€MI, TP PO3OUTTI
foro Ha Omnoku posmipHocti 16 X 16 s mpouecopa
Intel Pentium4 3 TTu. 3amexHicTh Yacy BHKOHAHHS
CTHCKY 300pakeHb pi3HOi po3MipHOCTi Bix % po3mipy
300pa)keHb 00'€KTIB, 110 BHIUISIOTHCS, Ul METOIY Ha
ocHoBi OOII i cranpapriB crucky JPEG i JPEG2000
IpejcTaBieHa Ha puc. 3.

—JPEG ——JPEG2000 MeTop OOl (4%)
MeTtog OO (8%) —— Metog OOl (12%) —— MeTtog OOI (16%)
——Mertoa OOl (20%)

0. Leae
035
03
025
02
015
01
0,05
0 : : : :
1152¢864  1280x1024  2288x1712  3072x2048

3504x2336

Puc. 3. 3anexHicTs Yacy BUKOHAHHS CTHCKY 300paKeHb
pi3HOI po3mipHOCTI 1y1st MeToy Ha ocHOBI OOII
i CTaHIAPTIB CTHCKY

AHai3 pe3yibTaTiB po3paxyHKy J03BOJIUB 3poOH-
TH PsiJi BACHOBKIB
— Yac BUKOHAHHS CTHCKY 300pakeHb METOJOM Ha

OCHOBI 00'€KTHO-OPIEHTOBAHOTO MiJXOAy B 3-4l MEHIIe
HIK 9ac CTHCKY 300pa)KeHb CTaHJapTaMH CTHCKY;

— BIJICOTOK 3MICTy O0'€KTiB, III0 BHIUIAIOTHCS, Ha
300pakeHHI MOHITOPHHTY 3€MJIi Ha Yac BUKOHAHHS CTH-
CKy BIUIMBA€ HE 3HAYHO (MaKCHMAaJIbHO 4Yac CTHCKY 30i-
apuryetbest Ha 15%);

— Yac BiTHOBIJICHHS 300paXCHb METOAOM Ha OCHOBI
OOII BHacmigoOK TOTO, MO Yac CTHCKY 300pa’keHb Me-
TogoM Ha ocHOBI JIIX tenx 30iraerscs 3 yacom Bin-
HOBJICHHs 300pakeHb MeTonoM Ha ocHOBI JIIX tynx
[4], a gac cTucky 306paxkeHs 00'ekTiB tcT_06 36iraeThes
3 4acoM BiJHOBIEHHS 300paxeHs i, o [4], Bomoxie me
MEHIIIUMH MOKa3HUKAMHU B MOPIBHSAHHI 3 YaCOM BiHOB-
JICHHA 300pa’keHb CTaHAAPTaMHU CTUCKY.

TopisHsanvha oyinka sxkocmi GIOHOGNEHHS 300pa-
orcern. 111 MOPIBHSUTBHOI OIIHKK SKOCTI BiJHOBJICHHS
300paxkeHs MeTomoM Ha ocHOBi OOII mpoBemxeMo exc-
MEPUMEHT 32 PO3PaxXyHKOM CyO'€KTHBHOTO IOKa3HHMKA
sKocTi — cepenubokBaapatnanoro BigxuienHs (CKB)
PI3HUIN BiITIKIB TTOYaTKOBOTO 1 BiAHOBJIECHOTO 300pa-
JKCHHS.

[Ipu upoMmy, sk TOKa3aB aHaJi3 pe3yJbTaTiB €Kc-
MepUMeHTy, omucaHoro B [6]: meperBopenHst Xaptii,
SIKE JIGKHUTH B OCHOBI IPOITOHOBAHOTO METONY, 3abe3rie-
yye 3nadueHHs CKB B nmianma3oHi 3Ha4eHb NOPIBHIOBAaHUX
OpPTOTOHAEHUX IEPETBOPEHb, ane moctymaerbes JIKII,
sKe JeKUTh B ocHOBI crarmapriB JPEG i JPEG2000.
IIpore mpomoHOBaHMIT MeTOA 3abe3medye CTHCK 00'€K-
TiB, 110 BUIUIAIOTHCS, O0€3 CIIOTBOPEHD, BIAMOBIAHO BO-
nmoxie menirmu nokasHukamu CKB.

Ha puc. 4 mpencrasneni cepenni 3naueHHs CKB
BiJTHOBJICHHSI 300pa)KCHb, CTUCIIUX MPOIMIOHOBAHUM Me-
TOJIOM 1 CTaHJJAPTAMH CTHCKY.

‘DJPEG m JPEG2000 T Metog OON \
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Puc. 4. CepenHpoKBagpaTHIHE BiIXWICHHS IPH 00poOLi
300pakeHb s MeToay Ha ocHOBi OOII i cTaHAapTiB CTHCKY

AHani3 pe3ysbTaTiB eKCIePUMEHTY JI03BOJIUB 3pO-
OUTH psiJT BUCHOBKIB:

— CKB BimHOBICHHS 300pakeHb METOJIOM Ha OC-
goBi OOII nexnrs B mianasoni 3HaueHsr CKB, 3a0e3me-
qyBaHE CTAHAAPTaMHU CTUCKY;

— CKB BiHOBIIEHHS 300pakeHb, 3a0e3ledyBaHe
MIPOTIOHOBAHUM METOIIOM i3 3pOCTaHHSM BiJICOTKA 3MiC-
Ty 00'€KTIB, 1[0 BUIIAIOTHCS, 3MEHIIIYETHCS.
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BucnoBok

OTxe, SAKICTh BITHOBJCHHS 300pakeHHS Ta edek-
THUBHICTb, 1110 3a0e3MeUy€eThCs PO3POOJICHUM METOJIOM,
MpHU OJTHAKOBHX IMOYATKOBUX MapamMeTpax HE MOCTyIIa-
€THCS Ta NEPEBUIIYE 3HAYCHHS BITHOCHO BIJIOMHX CTa-
HAAPTIB CTUCKY 300paKEeHb.
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