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TEXHUKA BA TEXHOJIOTNS COXACUOATUAU
NHHOBALIUAJTIAP

LTE TEXHOJOTUSCUHU TEMHUP MY COXACHUTA TAJIBUK STHIII

Mmupcaraues Opudrxon AJIMMoBHY

ToLIKEHT AaBiIaT TPAaHCHIOPT YHUBEPCUTETH JIOLEHTH
Tykanos Kasjion UxmaryiniiaeBuy
An-xopazumuii Homuaara TomkeHT AXO0opoT
TEXHOJIOTUSIAPU YHUBEPCUTETH MATUCTPAHTU
Tenedon:+998(99) 8847802

javlontatu@mail.ru

AHHoTanus: Makonana OyryHru KyHJla TPAHCHOPT COXAaCHMHI HaKagap MyXUM coxajlap/iaH
SKAHJIUTH, TEMUP WY TPAHCIOPTHHHHI SHT ycThBOp Macananapu, GSM-R xampma LTE-R
TU3UMIIAPUHUHT COJIMIITUPMA TaXJIWIH, TeMUp Wy Tpancniopruaa LTE TapMoK apXuTeKTypacCUHUHT
KOPHUM ATUIMIIM Ba KyJutamgard OoIlka TapMOK TH3MMIIapura HucOaraH y3rapraH xolariapu
XaKHJ1a MabIyMOTJIAp KEITUPUIITAH.

Kanur cy3nap: tpancnoprt, Temup iy, paguoanoka, GSM-R, LTE

Byrynru xynra kenu® pecnyOnumkaMu3ga TPaHCHOPT THU3UMUTa Oepuiiaérran IbTHOOP
y3ragaaup. TpaHcmopr TH3UMH MyXUM HMH(paTy3uIMaBuUi TapMOK XHCOOIaHHO, YHUHT
PUBOXKIIAHUILIN JKaMHAT TAapaKKUETUHU FOKCAITHPHIL, axojlyd TypMyLI JapakKaCMHHU OLIUPHUIIL
Ounan Oupra MamiiakaT UKTUCOAUETH OapKapOPIUTUHY TAbMUHIIAIIIA MyXHUM OMUII OYITN0 XHU3MaT
Kuiaan. TpaHCmopT TU3MMHHHMHT PUBOXKIAHUINKA UKTUCOMUET Ba WIXKTUMOUN COXAHUHT OOIIKa
TApMOKJIapH PUBOXKJIAHUIIM OWJIaH y3BUH OOFIHMK OYnuO, yHra ymOy TapMOKIap TOMOHHIAH,
IOK Ba MYJIOBYMIIAD TAIIWII XXMM Xamzaa cudarura KYWHIyBIM Tajnadiap OwiaH Oup Karopia,
COXAHUHT Y3-Y3MHU PUBOXKJIAHTHpA OJUII MUMKOHUSTIAPU, STbHU €Tapiuya JapoMaj OJUIIM Ba
YHHUHT XHUCOOUJaH coXara MHBECTULIMSIIAP a0 Kuia ofuil Tanabnapu Kyiinnaau. Tammi Te3nuru
Ba CU(ATUHUHT OILIUIIN, TPAHCHIOPT XU3MAaTU OAXOCHHHUHT ap30HJIAIITYBH TPAHCTIOPTUKTUCOIUET
aJoOKaJapyu PUBOXIIAHUIITIHY parOaTIaHTUPAIN, aX0JIH XapaKaTYaHIUT Y Ba TYPMYII TAPOUTHHUHT
AxIIaHummra onu6d kenanu. [1]. TpaHCcnOpPT TU3UMHHMHT MYHIa TEMUDP WYII COXAcH aloxXuia
axamusarra sra. Temup Hyn coxacura siHTM TEXHOJIOTHUSJIAPHUHT JKOPUN STUIIMIIM OyTYHTH KyH
Tajabu Ba SHT YCTHBOp Macajajapujaad Oupu xucobnaHaau. ByryHru xKyHra kenul teMup uyin
TPAHCIIOPTH/IA PAAMOATIOKA TAPMOFUTA Kyda KaTTa YbTHOOP KapaTWJIMOKJIa. AWHAH 3aMOHABUMA
TEXHOJIOTUSIIAPHHU KaJI0 KWIIHII OpKaJIH TYPTHHYH aBIIOJl pajuoanoka TapMokiapuau Kypuil (LTE)
TEMUp HYT TpaHCTIOPTHAA XaBPCU3IMKHU OLIMPHILTA KapaTuiraH ssHa Oup Kagam Oynud xu3mar
kwianu [S]. Arap yuunuu aBinog GSM-R Ba typrunum aBnog LTE-R anoka cranmaptinapuHUHT
KypUWIMaJapuHU CONUINTUpaauran Oyncak, kypuHuO Typudauku LTE-R skkon ycryHmukra sra
[2,4]. 1- xaaBanaa CONMUIITUPUIIT HATUXKATIAPHU KEJITUPUIITAH.

I-xanBan
Tascug GSM-R LTE-R
Wuram gactora 876-880, 921-925 MI'y 450 m 800 MI', 1,4 u 1,8 I'T'x
KananHuHT YTKa3yBYaHIMK KOOWISITH 200 xI'ny 1,4-20 MI'y
MasbnMoTiap anaMaHUITHIHT 172 k6u/c 10/50 M6w/c
MaKCHUMaJ TE3JIUTU
IP-nporokonHy Kyju1ad KyBBaTIaml NyK Xa
Mopnynsanus TypH, aloKa KaHaJIuTa QPSK, 16-QAM, 64-QAM (OFDM,
KHUPHUII yCI1yOu GMSK, TDMA SCFDMA)
OHI' I0KOPH CIIEKTpaJl caMapaopivK 0,33 our/c/T'y 2,55 our/c/T'y
Hroasb | 2021 16-kucM TomkenT
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Bup coTaHuHr MakcuMal pagiycu 8 kM 4-12 km
OBo3iM KaHai Oyinua UDP nporokonu 6yiinya
ManbryMOT/IapHH y3aTHII OOFIaHUIUIAPHY YPHATHII MabJIyMOTJIAPHH y3aTHIL, MTaKeTIIap
Taad ATWIAIN KOMMYTaLUsICH
[Taker pexxuMuga MabIyMOTIApHU ¥k (haxkar keTMa-KeT Yeknanran nmkorusiap (UDP
y3aTHII MabIyMOTIAP OKUMH) TIPOTOKONHN Oyiimya)
Typmu xumukan KaOyn kK (MIMO) Nk 2x2
K¥yuruu 6a3Buit cranuusiiap
ypracuna scradera nrakiauaa y3aTHiin >99,5% >99,9%
WIIOHWIMHIIMTH (XSHI0BED)
«X3HI0BEP»HU aMajra OLINPHIL HacTypuii Bocuranap
BapauHTH TexHuk BocuTanap €paamuia &pmamuna(MabIyMOTIAPHH
HYKOTMara xoisa)
[Moe3n xapakaTHHUHT MaKCUMall pyXxcar 500 ke 500 K/c
STHJITaH TE3JUTH

LTE Tapmoru GSM Ba UMTS TapMOK TEXHOJOTHsUIApUTA acOCIaHTaH OYiInO, TYIUK IMaKeT
koMmyTaruscu acocuna unuviaau. LTE tapmoru acocuaa Xocwin KWIMHTAH ‘‘TI0e31-00IIKapyB
Mapka3u~’ apxXuTeKTypacu l-pacmaa kenTupwirad. byHmail apxuTekTypa aBBajo XapakaTigaru
00bek, 0a3aBHii CTAaHIUS Ba TAPMOK OPKaIM OOILIKApyB MaKa3Wra yJlaHraH XoJa Ha30paTHU OI10
OOpHILIHU Ha3apa TyTaIH.

Cameﬂ;s.at level
crossings and platforms

1-Pacm. “Iloe3n- OomkapyB Mapkasu’” apXUTEKTypacu

Arpa LTE Tapmok apxuTekypacura ypTHOOp Kaparaauran Oyicak (2- pacm), oyaga GSM-R
cTaHJapTura HucOaraH OMp KaH4a y3rapuiniap MaBxya [2].

E-UTRAN EPC Railway specific

B eNodeB  S-GW [ ;
P-GW VoLTE media transmission

2-Pacm. LTE apMOFMHMHT apXUTEKTYpacH.

SAbHu paano KucmMu puBokiaHran cumcus uHTepdeit E-UTRAN ra anmamrtupuiras.
KommyTramust kucmu naketr kommytatopu EPC ra, unrtenekryan taoMok ypHunu [P nmportokonra
aCOCIIaHTaH JJIEKTP ajoKaJa MYJIBTUMEIUATu TapKuOra sra OYIraH MabIyMOTIApHHU Y3aTHIL
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cneuupukarcuscura (IMS) y3raprupunaau. bynaan Tamkapu cursanuzauusauHr saru SIP Ba
LTE nporokonnapu naiino 6ynamu. Yinap VoLTE media transmission KypUHUIIKHIArY TaKeTIIAPHH
OOLIKapUILl YUyH XU3MaT KUJIau.

Xynoca ypauaa mynu aituim MyMKuHkH, LTE ctannaptuan Hadgakar Temup iy 6amkum 0ormka
TPaAHCMIOPT Ty3WJIMaJlapUra XxaM KHpUTHII Makcaara MmyBohuk 0ynap snu. Cabadu, LTE crangaptu
Y3UHUHT TypiM MabIyMOTIAp OKUMHUHM aXpaTHLI, FOKOPU Japa)kaJard XHUMOsUIAHTaHJIUTH,
YTKa3yBUAHJIIMK KOOWJIATUHHUHHUHT IOKOPWJIMIM KaOW MMKOHUSATIApUTa HSrajlurunaaup. by
MMKOHHUSATIIAp OpKaJIU OBO3M Xabapiap, TypyXJu YaKUpHUKIap, aBapus YaKUpHUKIap, BUIEOKY3aTyB
TU3UMJIApU Ba XapakaTaaru OObeKTHUHT OOPT TU3UMIIAPUHUHT AMarHOCTUKA MabIIyMOTJIApHU XaM
y3aTHII UMKOHUATH MaBxyl. byHnail Mmabiaymotnap Hadakar TeMup iy, OaakuM MeTpo, Iaxap
TPAHCIOPTU KaOW TPHCHOPT Typiapuja XaM KeHT KYJIaHUIa H.
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Mupcaraues Opug:koH AJTUMOBHY

TOLIKEHT faBiIaT TPaHCIIOPT YHUBEPCUTETH TOLCHTH
I'amsieroB Otatdex @ypkar yriau

An-xopazumuit Homuaaru TomkeHT AXOopoT
TEXHOJIOTUSIapU YHUBEPCUTETH MaruCTpaHTU
Tenepon:+998(98) 1899000
otabekgamletov@gmail.com

AHHOTanusi: Buzpeo Ky3aryB THU3MMIIADMHM 3aMOHAaBUU KypuiMaiap acoCHUJa TalIKWI
9THII, TAPMOK KOMMYTaTOpJapHaH Kamepajaprada OynraH Maco(aHu OIIMPHII dHT acOCUM
Macasaiapjaas oupu 6yiau0 KoIMoK/Ia.

Kaaut cy3nap: Ontux Tona, BUAEO Ky3aTryB, MEIUaKOHBEPTOp, kommyTarop, SFP Momyn

byrynru kyHra kenu® Typiau coxajlapia BHIEO Ky3aTyB TH3UMIIApuAaH (QoWganaHuil
Hadakar PecnmyOnmukamuzna Oankum OyTyH ayHERA KeHT Tyc oiauO Oopmokna. by tusummap
épaamuia maxapiapaa, TPaHCIOPT TU3UMIIapua, UIIad YMKApUIl coxXalnapuaa, Xamaa Typiu
TAIKWIOTIApAa XaBOCU3IMKHA TAbMHUHIAHUII aMajra OIIMPHUII MUMKOHH sSpaTuiaaud. TexXHUK
HYKTau Ha3apJaH BUJEO Ky3aTyB THU3UMHJAArd KEHMHIU IOTYKJIAap aBBajO WMHTEPHETHUHI,
BUICOTAXTHII TU3UMJIAPUHHHT Ba OyJy NN TUIaTGOpMaJapHUHT PUBOXKIIAHUIIN OnaH yambapyac
OOFJIHK.

Buneo xy3aTyB TH3UMIIApUHUHT acocHil Bazudanapu cudaruaa KyiugaruaapHu canad yTcak
Oynanu:

—  JIOUMHH BHJIEO Ky3aTyB

—  apXuB BHJIOE3yBIap OWIIAaH WIILIAII

—  MaBXyJ TaCBHpPHH Ba apXWBJIapHU MacodamaH TypuO Ky3aTHII

—  Xapakar JeTeKTOpH, KYpHUKIall JaTYNKIApUHUHT UIIUTa0 KeTUIIM OKuOaThia €K1 CUrHall-
HUHT UYKOJIMIITY HATW)KACHUIa BUJIUICOTACBUPIIAPHU €310 OJTUIIT

[y 6wnan Oupra Kylugard Kymumda Bazudanap XxaM KYWHITUITH MyMKAH

—  KYpuKJaml Ba ¢HFUH XaB)CHU3IUTH TU3UMIIApU OWJIaH MHTETpalMsLIIal;

—  KHUpHUIIIa Ha3opaT Ba OOLIKApYB TH3UMIIAPUHUHT KypUIMaBHH AAcTypuUl KOMIUIEKC TH-
3UMJIapH OWJIaH WHTETparlusuIaIt

— 3apypart Oyiaranjaa BUIEO Ky3aTyB TU3UMUHUH MOEIPHU3ALNS KWIUII Ba KEHIAWTHPHIL

—  MHTEpHET TapMOKJIapH OpKaju OMp HyKTaJaH TypuO JOUMHUN BHJIEO Ky3aTyB TU3UMIIApU-
HU Ky3aTHII Xamja OOIIKapuIl UMKOHHSITH

IOxopuaaru BazudanapHUHT €4MMH aBBAJIO BUAEO Ky3aTyB TH3UMHUHH TAlIKWJ 3TUII Kapaé-
HUJA KYJUTaHWJIaJUTaH KypuiManap, TapMOK deMeHTIapu OmiaH yamOapyac OOFIHK.

Byrynru xyHra xenu0 BHIEO Ky3aTyB TU3UMJIAPUHU TAIIKWI JTUIIA TapMOK 3JIEMEHTIapU
cudaruia oNTHK TojaaaH GoiagaHuIl OMMaBUi Tyc oiaMmokaa. CtaHaapt xouarra yTuoop Oe-
panuran Oyncak, muc cumuin UTP kabens Tapmok kommyTtatopunan [P kameparaua 100 Mout/c
tae3nukaa 100 meTpraya macodama TamKuiI STUIT MYMKUH. ATap TApMOKHHU ONTHK TOJAIH Ka-
Oenb OWJlaH alIMamTHpaauran Oyicak Oup KaHYa yCTYHJUKIapra sra Oymamusa. MacamaH or-
TUK TOJIaliu Kalenb Epamuia opaiuk Macodanu 103 Maporabaraya opTTUpUII MyMKUH. byHnan
Tamkapu 1yHE 0030puaa UKTHOAMM Tapadaan onTuk Tonanu kaben muc cumiau UTP kabenbra
HUCOAaTaH TaH HApXH aHYa ap30H XUCOOIaHAH.

Onmuk cuzHannu neKkmp CucHaIu2a auilanmupuws Kypuamanapu. MennakoHBepTopiap
Ky(QTIUru pecuBep — ONTHK Tosara acociaaHrad SC ylaHUII HyKTacura sra OyjiraH TpaHCMUT-
Tepiapaad, xamaa kommyTauus KypuiMmacuHuar 1000 Base-X moptnapu yuyn SFP monynna-
puaan ¢oiiagaHUIl UMKOHU MaBxkyl. MabiyMOTIapHU OUTTa TOJNAa OPKAJIU MKKW WYyHANIMIIAA
y3aTHII Y49yH y3aTyBUM Ba KaOyll KWJIYBYM TOMOHJArd TPAHCMUTTEpJIAp TYpJiM XWJ y3aTHII Ba
KaOysl KMJTUII YacToTanapuaaHn (oianaHunmapu ydyH menuakoneepropnap éku SFP momysn-
Japu KYJUTAaHWIUINK Kepak Oynanu. Y3aTuil TOMOHJAard Momaynb y3atuml yayH 1310HM, KalOyn
Kunum yuyyH 1550HM, KaOyn KWIyBUM TOMOHJA 3ca, aKCHHYA, y3aTuil yuyH 1550HM Ba KaOyn
kunum yuyH 1310am doiinananunanu. TexHuk BazudaHuHT KyHuiumura Kapad kamepasnap-
Hu (IP-xamepanap) onTUK ToNaNMM TAPMOK OPKAIH YIAITHUHT KyWHJIard BapuaHTIAPUHU KYPHIII
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MyMKuH. ByHiaii Xonatnapaa Oup ONTHK TOJaJaH MKKA TOMOHJIaMa y3aTHII aMalra OUTUPUIIIH.

Meouaxonsepmop - Onmuk mona - Meouaxoneepmop. by xonaraa y3oxnamran oup noHa IP-
kamepanu [P-BuzmeoperucTparopra onTuK TojanaH (oigamaHraH xojijaa yiam MyMKWH. ByHmai
XOJIATHUHT KaMUYMJIUTH ITyHJAaH HOOpaTKH, MEAMAKOHBEPTOPHUHT KyBBATIAHUIIN yUyH aJIOXHIA
5B kyBBaT ManOau tanad stunaau. bynaait xonaT omaTaa TH3UMHHHT aCOCHH KOMMYTAaTOPH OTITHK
TOJIAHUHT YJIAHWIIN Y9YH yJIaHUII HyKTayiapura (mopt) sra 0ynMacaruau Kyutanwiaay (1-pacm).

MeaukoHBepTop OITHK MeauakoHBepTOP

R4 | b TOJIA RJ45

1310 um [[ SC 1550 um

.;:Vt

AN AR AN EARES
Acocuii
KOMMYTATOP

1-pacm. MennakoHBEpTO-ONTHUK TOJIa-MEIUAKOHBEPTOP

SFP moodyneasrea kommymamop - Onmux mona-SFP moodyneasea PoE kommymamop. bynnait
xonaraa 4 tanan § Tarada rypyxjiu y3okiamran PoE 6yiinya KyBBatnanaaurat [P kamepanapuu
yaam MyMKHH. KoMMyTanus KypuiMalapuHUHT COHM MUHUMYMrada kamantupuiaau. PoE xamaa
acocuil kommyTaropaap SFP Moy ynanum Hykraizapura (1oprt) ara (2-pacm).

OIITHUK TOJIA

a

SFP 1550 um [ 1
| RJ45

[ ]
5]
(5]
[R5
SFP 1310 um [

Acocuii PoE
KOMMYTATOp KOMMYTATOpP

2-pacm. SFP Mojynra sra koMMyTarop - onTuk tojia - SFP moaynra sra PoE kommyTtarop

SFP mooynea 3za kommymamop - Onmuxk mona - Meouaxkoneepmop. bynnait xonatma
y30KJjiammran oup qona IP-kamepanu [P-Buneopeructparopra ontuk Tonaaan GoiganaHran Xoaaa
yaam MyMKuH. TusuMHUHT acocuid kommyTtaropu SFP Monmyn ymanuim Hykranapura (mopt) sra

(3- pacm).
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MeanakoHBepTOp
OIITHUK TOJIA RJ45

|:[ SC 1550 um -

7
0

w w w w =
=l ==l IE]]E
(=4 2| || €] |e
o—
en
—
-
7
Acocuii
KOMMYTAaTOp

3- pacm. SFP Mopgynra sra kommyTtarop - OnTuk tosia - MenuakoHBEpTOp

Kommymamop - Meouaxkoneepmop - Onmuk mona - SFP mooynza s2a PoE kommymamop.
bynmaii xonarma 4 taman 8§ Tarada rypyxju y3oknamraH PoE Oyiimua xyBBarianamuran [P
KaMmepaJlapHu yJjail MyMKAH. ByHnai xonar onmaraa TU3UMHHMHT aCOCHM KOMMYTATOpPH OINTHK
TOJIAHUHT YJIAaHUIIN YUyH YJIaHUII HyKTajgapura (opT) sra 0yamacarvuu KyJiaaHuiaau (4-pacm).

o
MenuakoHsepTop
OIITHUK TOJIA
RJ45|
SC
1310 oM ]:I
SC
il
vl ol vl vl v = |w
| 1=l =] || | <
=l I=1I=l I=]1= ==
Iil Iil = IEIIEI Z IEI
Acocwnii =
KOMMYTATop =)
17
PoE
KOMMYTATOP

4-pacm. Kommyrartop - Menuakonseptop - Ontuk Tona - SFP moaynra sra PoE kommyTarop.

Xynoca YpHHMIA WIYHH aWTUII MYMKHHKH, BUAEO Ky3aTyB THU3UMIIAPUHHU TAIIKWUJ 3TUIINA
MEAMAKOHBEPTOPIAPHUHT XaMm/la KOMMYTATOPJIAPHUHT TYFpU TAHJIAHUIIM Ba TYFPU YJIAHUIIH,
3apypuil MOAYJIHMHI TAHJIAHUINM, XamJa OOFJIOBUM TapMOK cudaTHIa ONTUK TOJAHUHT
KYJUTAaHWIMIIH JKy/Jla KaTTa yCTyHJIMKIIapra ara Oyirad BUA€0 Ky3aTyB TU3UMHU XOCHJI KUJIMILTA

XHU3MaT KuJiaau.
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BM3D AND A VARIATIONAL APPROACH TO THE PROBLEM OF IMAGE
RESOLUTION ENHANCEMENT
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Abstract: The paper is devoted to superresolution methods, which are algorithmic methods
for obtaining a high-resolution (HR) image from one or several low-resolution (LR) images. The
problem is formulated as an optimization problem. In the process of solving BM3D is used — a
modern algorithm for filtering noise and bluer in images. The implemented algorithm is comparable
in quality of work with the current state-of-art solutions.

Key words: BM3D, superresolution, image, high resolution (HR).

Introduction

Today, there are scientific and technological problems that require high-resolution images to
solve. High resolution (HR) means a higher pixel density, and therefore more accurate detail. For
example, having an HR image of a tomography, the doctor will be able to make a more accurate
diagnosis. It is easier to distinguish different objects from each other from satellite images if they
have a high resolution. The direct way to increase the resolution-purely technical - is to use a
camera with a light-sensitive matrix of higher resolution. In this case, however, firstly, the cost of
equipment increases, and secondly, the noise level increases, since there is now less light per pixel.
In addition, we do not always have the opportunity to change the equipment used - there may be
situations when all we have is a few pictures with insufficient quality. There is another possibility
- to increase the resolution of images using various algorithmic techniques. The first publication
of an algorithm that restored an HR image from several low-resolution images (LR) was in 1989
- [1]. Currently, such techniques are devoted to a whole section of the theory of signal processing
and computer vision - superresolution (SR).

The image quality is determined by the number of pixels per unit area. The direct approach-
increasing the number of sensors in the photosensitive matrix in the camera — increases the cost of
equipment and increases the noise level in the image. In addition, the above approach is not always
possible. An alternative is an algorithmic approach to the problem of improving image quality-
superresolution. Superresolution algorithms can be used for digital zoom, increasing the quality of
security cameras (for example, to distinguish car numbers), in modern smartphones.

Problem statement

The superresolution problem is formulated as a stepwise inverse problem: the LR image is
obtained from the HR image by applying a linear operator (bluer, geometric shift, downsampling)
and adding noise, it is necessary to restore the original image.

The algorithm

The case of a single-frame Solution of the system can be obtained by an iterative method of
alternately minimizing each of the functionals. As a result, finding x t+! it was reduced to the
numerical solution of a linear equation, so that it can be effectively implemented, for example, by
the gradient descent method.

The ideas behind the algorithm

The algorithm simultaneously restores a high-resolution image and its spectrum (for example,
based on the DCT, FFT basis). At the same time, it allows their incomplete correspondence, due
to which the influence of noise in the original images is reduced. Two functions are minimized
together. The first one is responsible for how much a high-resolution image corresponds to low-
resolution images. The second is how much the image corresponds to reality. According to the
compressed sensing approach, this is determined by the norm of the image spectrum.

This formulation of the problem was first used for the debluring problem in the article [1].

An iterative algorithm that minimizes these functionals uses the BM3D filter described in the
article [2].

Additionally, for the case of upsamling (increasing the resolution of one image), it turns out to
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add stochastic optimization to the algorithm, which increases the speed and quality of the algorithm.

Implementation

The original algorithm is implemented on the basis of the Matlab software package, which
provides an extensive library for working with images. During the implementation, it turned out
that it is impossible to directly set the image as a vector, and it is impossible to store transformations
in the form of matrices, since in this case the size of the matrix will be very large. In fact, for
an image with a resolution of N M, the size of the matrix specifying the linear transformation
for this image will be NM NM. Therefore, we stored the images as matrices, and set the linear
transformations as functions, and in this case we separately implemented the function of applying
the transposed transformation. This was possible because we considered only the simplest cases
of subsampling operators.

Conclusion

Within the framework of the existing work, a superresolution algorithm is proposed and
implemented. On a set of test data, the algorithm shows a better quality of work than the existing
state-of-art algorithms.

As a further work, it is planned to conduct blind experiments (when linear pre-formations.
which are used to get LR images are unknown), use the algorithm for video superresolution.
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