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AHOTAILUS

XA/l AKPAM XAE PAMAH. TadopMmariiiiHa TEXHOJOTIA PEKOHCTPYKIIii
dbopM mpocTopoBUX 00'€KTIB 32 (POTOrpaMMETPUYHUMU CUTHATIAMU X MOJIaHHS.
— KBamidikamiitHa HaykoBa mpaiisi Ha IpaBax PyKOIHCY.

Hucepranis Ha 3700yTTs HaykoBoro crymneHs PhD (mokropa dimocodii)
3a crnemiaibHicTIO 172 TenexkoMmyHikamii Ta pagioTexHika — J{HITPOBChKUit
HalloHaJIbHUH yHiBepcuTeT iMeH1 Onecs ['onuapa, 2021.

Ha cphoromHi OJHMM 13 KJIIOYOBUX HANPSIMKIB JOCIHIJKEHb Y Taiys3i
TEJIEKOMYHIKalld € 3aBAaHHS CTHUCHEHHS JaHuUX M 3a0e3MeueHHs iXHBOI
e(eKTUBHOI Tepenayl Mo KaHaiaxX 3B'A3KY, Kl MAalOTh OOMEXEHY MNpPOIYCKHY
3/1aTHICTb.

Jlnsg  BuUpIMIEHHS  [bOTO  3aBJAHHA  HEOOXIJTHO  po3poOJsATH
BHCOKOE(DEKTUBHI METOAM 1 QJITOPUTMU 3MEHIICHHS HaJAMIPHOCTI BHUXIJHUX
JaHMX, SIKI IEPEJAI0ThCS 10 KaHalaxX 3B sSI3KY.

HMucepramiitHa po0oTa MNPUCBSIYEHA  BUPIMICHHIO  BaXJIUBOTO 1
aKTyaJbHOTO TMHUTAHHS Yy Taldy3l CY4YaCHHUX TEJICKOMYHIKAI[IWHUX CHUCTEM -
PO3pOOJICHHIO METOJMKH, MAaTEMAaTUYHUX MoOJielel Ta e()eKTUBHUX TEXHOJIOTii
GopMyBaHHS Ta 3MEHIUEHHS HAJAMIPHOCTI TPUBHMIPHHX 300pa)k€Hb, SKI
NepeatoThCs 0 KaHajax 3B SI3Ky.

VY nucepraniiiniii poOOTI BUPIIEHO BaXXJIMBY HAYKOBO-TIPAKTUYHY 3a]1a4y
y Tally31 MOJICJTFOBAHHS — 3alPOTIOHOBAHO JUCKPETHY MaTpu4uHy Mojenb (JJMM)
MOJIaHHS MPOCTOPOBUX 00'€KTIB JUISL 3aJ]a4 CUHTE3Yy, PEKOHCTPYKLIL 1 aHami3y ix
dbopmu. Mojens moOy0BaHO Ha OCHOBI IUCKPETHUX JAHUX MPO O0'€KT, IKUMU,
HaIpUKJIaJ, € PacTpoBl 300pakeHHS a0 JaHi 3 MPOCTOPOBUX CKaHepiB. Ha
BIIMIHY BIJl TTOJIOHUX BOKCEJIIBHUX MOJIENICH, MaTpUUHI MOJEI ONHUCYIOTh HE
00'em, a moBepxHi 00'eKTIB 1 30epirarouu MepeBail BOKCEIbHUX MOJECNIEH, TaKl
SK TIPOCTOTA 1 PErYJSIPHICTD CTPYKTYPH, YCYyBalOTh BJIACTUBY IM HaJMIPHICTb. Y

po0oTI MmokazaHo, 1o, 30epiratoun iH@opmarllio npo Gopmy, ITOCTATHIO IJIsI



Bi3yasizailii 00'ekTa, MaTpUYHa MOJIe]Ib MOKEe 3aiiMaTtu B 4-8 pa3iB MEHIIHMA
00'eM mam'sTi TOPIBHIHO 3 BOKCEJIBHOIO (TOPIBHSHHS TMPOBOJIUIIOCS JJIS
mozenei y dopmari VOX nakera MagicaVoxel). BctanHoBieHO yMOBH, 3a SIKUX
MaTpUYHA MO/JIEb 3aJUIIAETHCS EKOHOMHIIIIOI0 32 BOKCEIBHY 1 MOKa3aHo, IO IIi
YMOBHU BUKOHYIOTHCSI JIJIs1 TPAKTUYHO 3HAYMMUX BHITAJIKIB.

Y mpomeci BUKOHaHHS pOOOTHM BIEpIIE OTPUMAHO Taki HAYyKOBI
pe3yibTaTH.

VY nauceprauiiiHiii poOOTI 3alMpONOHOBAHO METOAMKY JIOCTYNHHX 1
HEJIOPOTUX TEXHOJIOT1i dbopmyBaHHS TPUBUMIPHUX 300paKkeHb
OararonoBepXxOoBUX Oy/iBeNlb, B SKIM 11 BHU3HAYCHHS BHUCOTH OYJiBII
BUKOPUCTOBYIOTBCSI CYIyTHUKOBI 3HIMKM HaJBUCOKOI MPOCTOPOBOI PO3ILIBHOL
3JIaTHOCTI.

VY nuceprauiiiniii po6oTi 0yJI0 BUPIIIEHO BaXJIMBY HAyKOBO - IPAKTUUHY
3ajjayy B 0O0JacTi 3MEHIIEHHS HAJAMIPHOCTI TPUBUMIPHUX 300pa’Ke€Hb -
3aMpONOHOBAHO JTUCKPETHY MAaTpPUUHY MOJIENb MPEACTaBICHHS MPOCTOPOBUX
00'eKTiB, fIKa JO3BOJISIE ICTOTHO 3MEHUIUTH PO3MIp (haiiiiiB, 110 MepeAaroThes Mo
KaHajiax 3B'S3KYy.

Takox pe3yiabTaToM MPEACTaBIECHOI POOOTH € TMoOyJ0BaHa MaTpUYHA
MOJEJb, $IKa, TAaKOX SK 1 ICHYIHOUl BOKCEIbHI MOJIENi, IPYHTYIOUHUCh Ha
JUCKPETHOCT] BUXITHUX JTAHUX MPO 00’ €KT, HA BIAMIHY BiJl OCTaHHIX, BPaXOBY€
TUIBKH (POPMY MOBEPXHI MPOCTOPOBOTO Tijla 1 TUM CaMHM YCYBa€ HaJIMIPHICTb,
OB’ s13aHy 3 HEOOX1IHICTIO 30epiranHs iHpopMmaiii mpo 006’em 00’ ekTa.

JIMM BuzHauae (popmy 00’€KTa, ONMHCYIOUM HOTO MOBEPXHIO HAOOPOM
BiJICTaHEl A0 TrabapuUTHOTO KOHTEHHEpa 1 3aMiHIOE TPUBUMIPDHUM MacuB
BOKCEJICH Ha NICTh MaTPHIlh PEIbedy. 3aBASKU IIbOMY 30€pIracThCs TUCKPETHE
NpeACTaBJICHHs TMOBEpXHI 00’€KTa, ajie 3arajbHUi O0OCAT EJIEMEHTIB MOJei
CKOPOUYETHCSI.

JImst MOXNHMBOCTI ajanTallii MoJemi i KOHKPETHI HAaO0OpW BUXITHHUX

JaHUX PO3pO0JEHO Yy3araJbHEHY MpOLENypy PpeaucCKpeTu3alii BUXIAHOTO



MacuBy, fika HE 3aJeXUTh BiJl Horo po3MmipHocTi. [loka3zaHo, Sk BOHa
3aCTOCOBYETHCS Il JBOBUMIPDHOTO BHUNAAKYy Matpullb penbedy JIMM.
BcranoBieHno (hakt BIUIMBY peucKpeTH3allli MaTpHilh peabedy Ha X 3HaUCHHS,
10 BUMarae iXHbOro BiJMOBIJHOTO PEKBAHTYBaHHSI.

MaHninynsmii 3 MOAENIMH MOXYTh MPU3BOAUTH 10 MOPYLIEHHS IXHBOI
uigicHocTi. [ korTpoo uimicHocti IMM, npu nopyuieHHi K01 BiAHOBICHHS
dbopmu 00’€KTa cTaE HEMOMIIMBUM, OTPUMAHO YMOBH IiiicHOCTI. [TokaszaHo, 1m0
BUKOPHUCTAHHA JAHUX YMOB y MPAKTUYHO 3HAYYIIMX BHUMAAKaX (KOJH YHCIIO
eJIeMEHTIB Mojiei Ounbiie 15) BUMarae neperiisijty MeHIIoi KUTbKOCTI €JIEMEHTIB
JaHuX, HIK TpsiMe 3ictaBiieHds JIMM 3 BM.

[TopiBHSIHHS 3aMTPOMOHOBAHOT MATPUYHOI MOJIENI JJIsl IPEACTABICHHS TUX
IpPOCTOPOBUX OO0 €KTIB, IO W BOKcenbHI Mozaem y dopmati VOX,
BUKOPUCTOBYBaHOMY B naketi MagicaVoxel, miarsepmkye IXHIO €KOHOMIYHICTb.
3anexxHo BiJl KOHKpeTHOi dopmu, JIM Bumarae 00’emy mam’sri, sikuii B 4-8
pasziB MeHIIe, HiX /st BM.

Jlo oOMexeHb 3ampolOHOBAaHOI MOJEIl  HAJIEKUTh  BIJICYTHICTh
ypaxyBaHUs MPO30POCTI, IO JOJAETHCA Yy BOKCEIbHUX MOJAENAX MLUIIXOM
BUKOPHUCTAHHSI BOKCEJIEH pI3HOI ONTHUYHOI MUIbHOCTI. JlaHe muTaHHS MOTpedye
OTIPAITIOBAHHS B MOJAIBIINX JTOCIHIKCHHSIX.

Takox TpUPOAHUM OOMEKEHHSM 3alpPOIOHOBAHOT MOJEIN € MOXKJIUBA
BTpaTa iHpopMalii Tpo YACTUHHU MOBEPXHI MPOCTOPOBOro 00’ €KTa B pasi, AKIIO
BOHA Ma€ OLIbITe OJIHIET MPOEKINT Ha MEXI rabapuTHOro KoHTeitHepa. OMHaK 11e
O0OMEXEHHS HE € KPUTHYHUM Yy JIOJAaTKaxX, Ha siki opieHToBaHa JIMM, a came
TaM, JI€ BUKOPHCTOBYEThCS BHUIMMA 30BHIIIHHOMY CIIOCTEpIraueBi dYacTHHA
MMOBEPXHi 00’ €KTA.

Kpim Toro, Ha 1aHuii MOMEHT HEMa€ MPOLEAYpHU Bizyatizalii IpOCTOPOBUX
dbopm Gesnocepennnpo Ha ocHOBI JIMM. J[7s1 11bOTO BUKOPUCTOBYETHCS TIEPEXiJl

no BM 3 mopanpimuM 3acTOCYBaHHAM CHeUU(PIYHMX JJIT HEi METOJIB



Bi3yamizamii (sk, Hanpukiaa, meton Marching Cubes 1 #ioro moaudikariii, 1o
IITUPOKO 3aCTOCOBYIOTHCSI B KOMIT IOTEPHii ToMorpadii).

VY pe3ynbTarti, OJHUM 13 HAMPSMKiB MaOyTHIX TOCTIKEHD € 3HAXOHKCHHS
e(DEeKTUBHOTO TEPETBOPEHHS MATPUYHOI MOJieii B omuc (OpMU Ha MijCTaBi
rpadiyHUX MPUMITHUBIB CY4aCHUX CHCTEM MOjeNtoBaHHs (Hampukian, Blender)
abo OiOmorek Bizyamizamii (Hampukian, OpenGL). Kpim Toro, BuBUYEHHS
BHMAaraloTh MEPCHEKTUBH BUKOPUCTaHHA 3arpornoHoBaHoi MM y noparkax,
[0 BUKOPHCTOBYIOTh aHAJII3 MOBEPXHI 00’ €KTIB JJIA iXHbOI PEKOHCTPYKIII Ta
imenTrdikarii.

KiarouoBi ciaoBa: cynyTtHukoBa (OTO3MOMKa, BOKCEIbHA MOJEIIb,
MaTpu4Ha  MOJENb, TPUBUMIPHI  O0'€KTH,  PEKOHCTpPYKUid  (opmu,

peANCKpETH3allisl, yCyHEHHS! HaJMIPHOCTI.



ABSTRACT

HADI AKRAM HAB RAMAN. Information technology of reconstruction of
forms of spatial objects on photogrammetric signals and their representation. -
On the rights of the manuscript.

Dissertation for the degree of PhD (Doctor of Philosophy) in the specialty
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Today, one of the key areas of research in the field of telecommunications
Is the task of compressing multidimensional data sets to ensure their efficient
transmission over communication channels that have limited bandwidth.

To solve this problem, it is necessary to develop highly effective methods
and algorithms for reducing the redundancy of multidimensional data arrays
transmitted over communication channels.

The dissertation work is devoted to the decision of an important and
actual question in the field of modern telecommunication systems - to
development of a technique, mathematical models and effective technologies of
formation and reduction of redundancy of the three-dimensional images which
are transferred on communication channels.

In the dissertation the important scientific and practical problem in is
solved branches of modeling - The discrete matrix model of representation of
spatial objects for problems of synthesis, reconstruction and the analysis of their
form is offered. The model is based on discrete data about the object which, for
example, are raster images or readings of spatial scanners. In contrast to such
voxel models, matrix models do not describe the volume but the surface of
objects, and while maintaining the advantages of voxel models, such as
simplicity and regularity of structure, eliminate their inherent redundancy. It is
shown that by storing information about the form sufficient for object

visualization, the matrix model can occupy 4-8 times less memory compared to



voxel (the comparison was made for models in the VOX format of the
MagicaVoxel package). The conditions under which the matrix model remains
more economical than the voxel model is established, and it is shown that these
conditions are fulfilled for practically significant cases.

In the process of performing the work for the first time the following
scientific results were obtained.

In the dissertation work the technique of accessible and inexpensive
technologies of formation of three-dimensional images of multistory buildings
in which for definition of height of the building is offered, ultra-high spatial
resolution satellite images are used.

In the dissertation work the important scientific and practical problem in
the field of reduction of redundancy of three-dimensional images was solved -
the discrete matrix model of representation of spatial objects which allows to
reduce the size of the files transferred on communication channels is offered.

Also, the result of the presented work is a matrix model, which, as well as
existing voxel models, based on the discreteness of the original data about the
object and their simplicity, in contrast to the latter, takes into account only the
surface shape of the spatial body and thus eliminates redundancy. associated
with the need to store information about the volume of the object.

DMM determines the shape of the object, describing its surface by many
distances to the dimensional container and replaces the three-dimensional array
of voxels with six relief matrices. This preserves the discrete representation of
the object's surface, but reduces the total amount of model elements.

To be able to adapt the model to specific sets of source data, a generalized
rediscretion procedure of the source array has been developed, which does not
depend on its dimension. It is shown how it is applied to the two-dimensional
case of DMM relief matrices. The fact of influence of re-discretization of relief
matrices on their value is established. that demands their corresponding

requantization.



Manipulation of models can lead to a violation of their integrity. To
control the integrity of the DMM, in violation of which the restoration of the
shape of the object becomes impossible, the conditions are obtained. It is shown
that the use of these conditions in practically significant cases (when the number
of model elements is more than 15) requires the review of fewer data elements
than the direct comparison of DMM with VM.

Comparison of the proposed matrix model to represent those spatial
objects as voxel models in VOX format used in the MagicaVoxel package,
confirms their cost-effectiveness Depending on the specific form, DM requires a
memory volume that is 4-8 times less than for VM.

The limitations of the proposed model include the lack of accounting for
transparency, which is overcome in voxel models by using voxels of different
optical densities. This issue needs to be addressed in further research.

Also, a natural limitation of the proposed model is the possible loss of
information about parts of the surface of the spatial object, if it has more than
one projection on the boundary of the dimensional container. However, this
limitation is not critical in DMM-targeted applications, namely where part of the
object's surface visible to the outside observer is used.

In addition, there is currently no procedure for visualizing spatial forms
directly based on DMM. To do this, use the transition to VM with the
subsequent use of specific imaging methods (such as the Marching Cubes
method and its modifications are widely used in computed tomography).

As a result, one of the areas of future research is to find an effective
transformation of the matrix model into a description of the form based on
graphical primitives of modern modeling systems (by the way, Blender) or
visualization libraries (by the way, OpenGL).

In addition, the studies require the prospects of using the proposed DMM
in applications that use the analysis of the surface of objects for their

reconstruction and identification.
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