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HageneHno anaJjiiz MeToiB NMiABUILEHHS PO3IIIbHOI 31aTHOCTI, TEXHOJIOTII CyOnmikceabHOT
00poOku 300pa:keHb, OLIHKA BapiaHTIB MOOYI0OBH ONTHYHUX CHCTEM. Y MeKax podOTH
NPOAHATI30BAHO NIJIAXM MiABMIEHHS] PO3AIIbHOI 31ATHOCTI, BKA3aHO MepeBaru Ta HeaoJiKku
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This paper is devoted to considering of ways to improve the resolution, principles and
methods of subpixel imaging technology, assessment of the development status and the latest
research developments. Modern approaches to improving the spatial resolution as the main
parameter of satellite images are based on algorithmic search and design solutions as the
technology of manufacturing image sensors exhaust its potential for improvement. One of the
major tasks of remote monitoring isto improve the quality of images, which is determined by
parameters such as resolution. Resolution of digital images, in its turn, is determined by the
number of pixels of which it is composed. The need for high resolution usually is accompanied
by the need to capture the largest possible surface area. However, reducing the pixel size and
increasing their number islimited by technological factors and is associated with difficulties of
the operation and handling. Pixel size of CCD is technology limited. Increasing of pixels
number and hence the resolution will increase the size (length) of CCD line. As the result,
thereis need to use mor e expensive optics, weight of which is greater or reduce the focal length
of the optical system.

The solution to this situation is the use of subpixel processing. The advantages of
subpixel imaging include the possibility to increase the spatial resolution without changing the
optical system. T he essence of the subpixel processing is constructive two CCD lines shifted by
half a pixel with respect to each other. Use of subpixel imaging technology allows to increase
the resolution of the instrument, or, in case of saving a lower resolution, to reduce the focal
length of the system and reduce the weight and volume of the optical system, which is crucial
for monitoring systems. During subpixel imaging, there are high requirements to the board
processor, memory and bandwidth of the radio frequency channel of system.

The need to increase the resolution a monitoring systems helps to find new, more
effective, methods to increase resolution. The paper analyzes ways of increasing resolution the
advantages and disadvantages of existing techniques are analyzed. The scope of subpixel
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processing methods in existing monitoring systems of visible wavelength range is consider ed.
The need to further improvement monitoring systems resolution helps to find new, more
effective methods of signal processing and filtering.

The studied modern methods of subpixel image processing effectively increase the
resolution. Thus, based on the analysis, we can conclude that increasing the system resolution
should be conducted by subpixel processing methods that requir e improvement.

Key words. image processing, subpixel image processing, spatial resolution, optical
sensor, CCD line, inter polation, deconvolution, aerospace survey, remote sensing of the Earth,
restoration.

Beryn. CroromHi y 3B's3Ky 3 PO3BHUTKOM CHCTEM MOHITOPUHTY iCHYe morpeba y IiIBUIICHHI
PO3IUIBHOI 3AaTHOCTI HMX CHUCTeM. [IpocTopoBa poO3MilibHA 3JaTHICTh € HAWBAXKJIMBILIOK XapaKTepHUC-
THKOIO CHCTEM MOHITOPHHTY, SiKa BH3HAYAE€ MOXIIMBICTb BUKOPHCTAHHS IUX CHCTEM Yy PI3HUX Taly3sxX
JUCTAHIIMHOrO 30HIYBaHHS, TAKUX SK T'€0JIOTIisA, €KOJIOris, CUIbChKE T'OCIOAapCTBO, PO3BiIKa KOPHUCHHUX
KOIAJIMH, YIPABIiHHI BOAHUMH peCypcaMu, MiCTOOyIyBaHHs Ta iHIHX [2-5].

[InsxaMu miABUINEHHS PO3AUIBHOI 3MaTHOCTI CHCTEM MOHITOPHHIY BUAMMOTO Jialla30HY XBUJIb €:

- 30UIbIIeHHS KimbKOCTi TikcemniB y 133 miHiiili, a oTke, 1 3SMEHIIIEHHS PO3Mipy MiKcena,

- 30UIBIIEHHS TEOMETPUYHUX PO3MIPIB JIHIHKH;

- IHTEpIIOJIALLIS;

- cyOmikcenpHa 00poOKa.

VY KOXKHOro i3 BKa3aHHMX NDIIXiB € IepeBard Ta Henoiiku. [lepeBaroro 30UTBIIEHHS KiTBKOCTI
miKceniB 31 30epeKeHHsM reoMerpudaux po3mipiB [133 mpucTporo € 30iMbIIeHHsT PO3AUTBFHOI 3IaTHOCTI,
IpH [[OMY PO3/UTbHA 3IATHICTh CUCTEMH JOPIBHIOE PO3MIiTBHIN 3MaTHOCTI AaBava 300paxenns [2]. Kpim
TOro, TMPH IBOMY 30UIBIIYETHCS PIBEHb IIYMIB Ta 3MEHIIYETHCS CBITJIOUYTIHMBICTH CHUCTEMH. SIKIIO
pO3IiIbHA 3MaTHICTH 30UIBIIYETHCS B B PasH, IUIOMIA MIKCea 3MEHIIYETHCSI B YOTUPH Pa3H. SMCHILICHHS
PO3MIpIB MIKCENTa € TEXHOJOTIYHO OOMEKEHUM.

VY pa3i 30UIbIIEHHS TEOMETPUYHUX pO3MIpIB JaBada HEOOXiJHO BHUKOPHUCTOBYBATH OITHKY 3
OUIBIIIOK (POKYCHOI BIiJCTAHHIO, IO MPU3BOAMTH JO 30UIBIICHHS MacorabapMTHUX HapaMeTpiB Ta IIHU
[1].

IcTOTHUM HEMOMIKOM METOAY IHTEpPIOJIALLil, OmrcaHoro B [6], € HasBHICTh XapaKTepHHUX apTehaKTiB
y IHTEpIOILOBAHOMY 300pa’keHHi, MO MOTIPIIYIOTh TOYHICTh MacimTaOyBaHHS B 00JacTi Pi3KUX 3MiH
sckpaBocti. Jlo TumoBHX apredakTiB HalekaTh MosBa epekTy 3y0uacToro Kpar Ha MOXHIMX JIHIAX,
PO3MHUTTS Yepe3 OOMEXKEHHS i/l Yac BiJHOBJICHHS BUCOKOYACTOTHHUX CKJIAJIOBMX IHTEPIIOJbOBAHUX JAHHX,
i epekry [i00ca, 110 TPOSIBISETHCS Y BHIUIAII Mapa3sUTHUX XBHJICTIONIOHUX KONWBAHb IHTEPIIOSIiHOT
GyHKIIT, BIACYTHIX Yy IHTEPIONLOBAaHOMY 300pakeHHi. (OCHOBHHMM HENONIKOM IHTEpHONSIil €
HEMOXITUBICTh TOYHOTO BiTHOBICHHs iH(opMmartii [14].

[epeBaramu cyOrikcenbHOT 00pOOKH 300pakeHb € Te, 0 BOHA Ja€ 3MOTY MiIBUIIUTH MPOCTOPOBY
pO3IUIbHY 3HaTHICTH 0e3 3MiHM onTuvHoi cucreMu. CyTh cyOmikcenbHOI OOpOOKHM Tmonsirae 'y
KOHCTPYKTHBHOMY po3MiliieHHi ABox 133 niHiloK, 3MIIIIEHUX Ha TOJIOBUHY ITIKCENa OfHA BiIHOCHO 1HINOI.
BukopucraHHs CyOmiKCeIbHOT TEXHOJOTIT 3HIMaHHS TO3BOJISAE MIABUIIMTY PO3AUIBHY 3MaTHICTh pUIady,
a00, B pa3i 30epexKeHHS HIKYOI pO3AUTLHOI 31aTHOCTI, 3MEHIIUTH (POKYCHY BIICTAHb CUCTEMH 1 3MECHIIIMTH
Bary Ta O00'€M ONTHUYHOI CHUCTEMH, IO Iy)KE€ BAXIUBO Ui cucteM MoHitopunry [1]. Ilim wac
CyOIiKcenbHOT 00pOOKH CTaBIISATHCS BUCOKI BUMOTH JI0 OOPTOBOTO MPOIECOpa, MMaM’ sITi Ta IIUPHHA CMYTH
pamiouyacToTHOroO KaHaly cucTemu [2].

Metoau cyomikceabHOi 00podku 300paskenb. Omwvcanuii B [4] Merom cyOmikcenbHOI 0OpOOKH
nojisirae y (h)opMyBaHHI 300pakE€HHS BUCOKOI PO3IUIBHOI 3MATHOCTI 3 cepil 300paskeHb HU3BKOI PO3ALILHOL
smaTHOCTI. Ileit MeTox MiABMIIYE PO3ILTBHY 3MaTHICTH, ajle He BPaxOBY€ BIUIMBY anepTypH Tikcena [2].

B [5] ommcaHo MPHMHIMMIT MiABHINEHHS PO3AUTEHOI 3MaTHOCTI HU(POBOTO 300paKeHHs CYOITiKCehb-
HOT'O PiBHSI PO3JIUTLHOI 3/IaTHOCT1 3 BUKOPUCTAHHSM anepTypHOi Macku. [IpuHIun 1ii monsrae B Tomy, 1o
y TUTOIIMHI, OJHM3bKiA 10 PoKabHOI, ONTHYHA cHcTeMa (OpPMYE pi3Ke ONTHYHE 300paKeHHS BiJIaICHOT'0
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00’ exTa. B mutonuai MakcuManbHOro (GOKyCyBaHHS PO3MIIIYETHCS HE TIPO30PUIN [T ONTUYHHX MPOMEHIB
ekpaH. EkpaH CKIIaa€ThCs i3 CUCTEMH TEPIOANYHO po3TalioBaHux miadparm (puc. 1), 1m0 npomyckaroTh
CBITIIO 1 hopMyroTh po3hokycyBaHe 300pakeHHs Ha [133-inikiii Toro sk po3mipy. Expan 1 3 giapparmamu
HA3UBAETHCS MAacKOol. Macka MoKe 3MIIyBaTHUCS B3JIOBXK HAaMpPSMKy, IO BU3HAYAETHCS IEPETUHOM
(hoKaIBHOI IUIOIMIMHY 1 TUTOIMHY MaJTOHKa, Ha BiCTaHb, IO AOpiBHIOE mupuHi siadparmu (puc. 1, 6). Ha
puc. 1 moka3aHO BIAMOBITHI TMOJIOKEHHS JIHIAKKA JETEKTOPIB 11010 Macku. CUTHAIU JETEKTOPIB Y
KO)KHOMY 3 JIBOX ITOJIOKEHb MAacCKH IMPEACTaBIAIOTh po3(okycoBane 300paxeHHs] pparMeHTiB, BUPi3aHUX
niadparmamu i3 300paxkeHHs y (oKalbHIH TuIomuHI. Bincranb Mk (OKaIbHOIO TUIOIIMHOIO 1 MIIOMIWHOO
JIHIAKKA JETEKTOpIiB BHOMPAIOTh Takow, 00 po3()OKYyCOBaHI 300pa)K€HHS CYyCiOHIX (parMeHTiB He
MepeTHHaNNCsA. Y TaKOMY BHITAJKy CHUTHAIHM JBOX JETEKTOPIB 2 MOXYTh OyTH OJHO3HAYHO TIOB si3aHi 3
CHTHAJIAaMH BIPTYyallbHHX JIETEKTOPIB, MOMEPEYHI PO3MIPH SKHUX B JBa pa3d MEHINI, HDK Yy pealbHUX
JICTEKTOPIB, PO3TAIIOBAHMX Ha MICI BiAMOBigHOI nmia¢parMu. Ha OCHOBI I[bOTO MOXXKHA OTPUMATH
300pakeHHs, SIKE Ma€ BBl OUTBIIY PO3ALILHY 31aTHICTD [5].

HenonmikoMm nporo Merony € moTpeda BHIOTOBJICHHS
MPELUM3IHHOT MAacKH, a TaKO)K BHUTOTOBJICHHS MPEIM3IHHOIO
MeXaHi3My JIJIsl pyXy IIi€i Mackd B Tpolieci 3HIMaHHSL.

Jns  npuxiagy, cucTeMa CyOmiKCenbHOI  00pOOKH
BcTaHoBieHa B cynytHuky SPOTS5 [7]. Bona mosBosse
OTPUMATH BiJ] IBOX MAHXPOMATHYHHUX 300pakeHb 3 PO3AUIHHOIO
3IATHICTIO 5 M 300pakeHHS 3 PO3AUILHOIO 34aTHICTIO 2,5 — 3 M.
CrerianbHe IporpamMHe 3a0e3nedeHHs i 00poOKH 300pakeHb
BHUKOPUCTOBYETHCS Ul OCTATOYHOTO BiJJHOBJIEHHS 300paskeHHS
MICNIS TPhOX €TamiB OOpOOKM: IHTEPIONALl, JEKOHBOJIIOLII Ta
BUJIAJICHHS [IyMY.

Bimomi Takok METOIM HAJABHCOKOI PO3ILIBHOI 3JaTHOCTI Puc. 1. Oonosumipna modens cucmemi
(HP3), anropuT™MH SKHX BHKOPHCTOBYIOTH JBa IMiAXOMM IS Gopmysanns 060x yupposux 306padiceiv
00YHCIIEHHs PE3YIbTYIOUOro 300pakeHns: 1) Ha 0asi BeaHMKOI idoanenux 00’ ekmie 3a 0ONOMO2010
KUIbKOCTI KaipiB omHoro o6'ekra [8]; 2) 3acTocyBaHHS ninitiku demexkmopie: 1 —macka 3

odiagppaemamu;, 2 — niniika demexmopis,
a, 6 — 06a Pi3HUX NONONCEHHS JITHIUKU
Odemexkmopie 6i0HOCHO MACKU 3
odiagppaemamu

CHCTEMH, SIKa CaMOHaBYa€ThCs, 3 0a3oro 3paskie. Y [8, 9, 12]
posrisnatotbess Meroqd HP3 Ha OCHOBI BENMHMKOi KUIBKOCTI
kazpiB. 3a Benukoi kinbkocti (10-20) kaapiB ogHOro 00 €KTa
po3niIbHAa 3AaTHICTh ©(EKTUBHO MiABHILyeThcs. Hemomikom
IOrO METOJY € Te, IO JUIA Horo podoTH moTpiOHA 3HaYHA KUIbKICTh KaJpiB, TOMY BUKOPHUCTOBYBATH IO
CUCTEMy MOXKHA TUIBKM JUIS 3HIMAHHSA CTATHYHUX 00 ekTiB. Ha mpakTumi 1ed miaxig Moxke
BUKOPHUCTOBYBATHCS TUIBKH JUIS HEBEIMKOTO 30UIbIICHHS PO3/UIbHOT 31aTHOCTI [11].

VYV [10] sampormoHOBaHO METOMA, B SIKOMY 3aCTOCOBYIOTHCS CTAaTHCTHYHI aJTOPHUTMH, a 3pasku
OepyTbes 3 €IMHOTO 300pakeHHs. Ha BiMiHY BiJ MONEpeHbOTO METOLY, HOTO MOKHA BUKOPHCTOBYBATH
JUIsl 3HIMAaHHS JMHAMIYHHUX 00 €KTiB Ta cieH. ABTopu pobotu [10] mopiBHsUH CBili MeTox 3 ABOMA
CTaHJAPTHUMHU METOJaMHM IHTEPIOJISILIT — METOJI0M HaWOIMIKIOro cycifa i OikyOIYHOM IHTEPIIONAIIEID Ta
METOJJaMH, OCHOBaHUMH Ha TEXHilli 3 0a30t0 3pa3kiB, onucanumu B [12]. Meron, 3anponoHoBanuii B [13],
JlaB HaliKkpalli pe3yabTaTH.

OTxe, Ha OCHOBI aHaji3y MOXHa 3pOOMTH BHMCHOBOK, IO IiJBUIICHHS PO3AUIBHOI 3IaTHOCTI
CHUCTEMH JOIUILHO MPOBOJAMTH METOJaMHM CYOIIKCEIbHOI 00pOOKH, SIKI TIOTPEOYIOTh YIOCKOHAICHHS.

Bapiantun nmoOyaoBu onTu4HOI cucTeMHu isi cyOmikcenabHoi 00podku. Ha puc. 2 mokaszana
cucTemMa cyOmikcenpHOi 00poOKK 3 BUKOpUCTaHHsIM aBoX [133-miHiiiok sik merekropiB [1]. Bona cknana-
€TbCS 3 ONTHYHOI JIiH3M 1, MiIMbHMKA ONTUYHOTO IPOMEHs 2 Ta ABOX oaHakoBux [133-miniiiok 3 ta 3' 3
OJTHAKOBMMHM po3Mipamu mikceniB. Curnanu 3 BuxoniB I133 JiHIHOK HaAXOAATh Ha aHAJIOrO-IU(POBI
neperBoproBadi 4 Ta 4, 3 skux onu(POBaHI CUTHAIM NEPEAAIOThCS Ha OOYMCIIIOBAILHUEN mpucTpii 5. B
HbOMY TPOBOJSATHCS OMepallii CHHTE3Y, TIeKOHBOIOLIT, (GUIbTpaLlil HIyMiB.
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Puc. 2. CmpyxmypHa cxema onmuuno2o 0asaua cyonikceibHol mexHono2ii 3HiMaHHs;.
1—06'exmus; 2 — dinvruk onmuunoeo npomens; 3i 3 — 06i 1133 niniviku, 3mingeni
Ha nonosuny nixceaa; 4 i & — ananoeo-yugposi nepemeoprosaui; 5 — obuucrosanvHull npucmpii

JinbHUK ONTHYHOIO MPOMEHS PO3JAUISE CBITJIO, IO IaJae, HA J1Ba MPOMEHI, KOXKEH 3 PO3IUICHUX
MPOMEHIB MOTIM TPOEKTYEThCsl Ha cBOi iHikIi. J[Bi [133-miHiKM HACTPOIOIOTHCSA TakK, 1100 BOHH OyiH
3CYHYTI OJIHA BIZJHOCHO iHIIIOI Ha MOJIOBUHY po3mipy mikcena [1]. TIporec cuHTe3y 300paskeHHs MOKa3aHO
Ha puc. 3.

Puc. 3. [Ipunyun cybdnixcenvnoi 06pobru 3 0éoma 1133 ninitikamu:
a — CUSHAT 300padICeH st OPULIHANA; 6 — OUCKPEMU308AHULL CUSHAT
3 nepwioi 1133 niniiiku; 6 — ouckpemuzoeanuti cuenan 3 opyeoi 1133 ninitixu,
2 — cunme3sosanuil cuenan, 01 — nepwa I133 niniiika; 02 — opyea 1133 niniiika

SIk BHIHO 3 puC. 3, MICHS CHHTE3y IBOX 300pa)keHb HHM3bKOI PO3IUIbHOI 3MaTHOCTI (6 1 6) MOXKHA
OTpUMATH HOBWH 3pa30K CHTHalNy — 2, 3 BHOIPKOIO, €KBIBaJCHTHOIO TOJOBUHI BUOIPKH TONEPETHHOIO
300pakeHHsI, TOOTO BUXIIHUI CUTHAT OLU(PPOBYETHCS 3 BUIIOK YaCTOTOIO BUOIpKH [1].
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HenomikoM 1poro Meroay € Te, IO IMiJ 4Yac MPOXO/PKEHHS CBiTJa dYepe3 AUIbHUK ONTHYHOrO
MPOMEHS IPOMIHb PO3AUISETHCS HA JIBI YaCTUHH, TOOTO 10 KokHOI [133 miHiiiku mikine, B igeani, TUIbKU
MOJIOBMHA CBITJIOBOTO MOTOKY, @ B PEaJbHOCTI MOTPIOHO BpaxoBYBaTH II¢ HE3HAYHE TOTJMHAHHS ITOTOKY
JIJIBHUKOM.

B [13] omucana cucrema mias aepodorozniMamas ADS 40, xkamepa KOl CKIQIa€ThCs 3 TPHOX
MaHXPOMAaTUYHUX KaHaiB. KoxkeH maHXpOMaTUYHUN KaHall CKiIamaeThes 3 aBoX [133 JiHINMOK, KOXHa 3
sxux mae 12000 mikcenis, 3mileHnx onda BigHocHo iHmoi Ha 0,5 mikcena. B miit cucremi asi 1133 niHiiiku
po3MillleHI B OJAHIM IUIOIIMHI, B OJHOMY mpHCTpoi. IlepeBaror0 € CHPOIICHHS MPEIU3IHHOrOo
HACTPOIOBAHHS JBOX JIHIHOK, K B IIONEPEIHHOMY METO/II.

BucHoBkH. Y Mexax poOOTH NMPoaHaIi30BaHO CIIOCOOH MiIBHILCHHS PO3IUIBHOT 34aTHOCTI, BKa3aHO
MepeBaru Ta HEMONIKM BiIOMHX METOMIB. PO3ryisiHyTo 00acTh 3aCTOCYBAaHHS METOMIB CYOIIKCEIbHOL
00pOOKH B HAasBHUX CHCTEMaX MOHITOPMHIY BHIMMOIO Jialla30Hy XBHJIb. HeoOXimHICTh MOaNIBIIOrO
MiZIBHICHHS PO3/UTBLHOI 3/JaTHOCTI CHCTEM MOHITOPHHTY CIIPHSE TOIIYKY HOBUX, €(EKTUBHIIINX METO/IB
00poOKHM cUrHAIIB Ta iX QuUIbTpaIlii.
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