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SUPERCOMPUTER AS A PLATFORM
FOR INNOVATION DEVELOPMENT

Introduction. The largest in Ukraine supercomputer complex SKIT with total peak performance of reaching 43 trillion
operations per second operates at the Glushkov Institute of Cybernetics of NAS of Ukraine. The supercomputer effectively
solves the tasks of the widest possible spectrum, from the study of the Earth’s interior to linguistic studios, from genetics to
modeling the evolution of black holes.

The complex has found one of its applications in solving photogrammetric problems within the framework of R&D
project of the NAS of Ukraine in partnership with Pixelated Realities NGO that deals with the promotion of digital methods
for restoration, reconstruction, and research of objects of cultural heritage and with planning and revitalization of urban
space.

Purpose. The purpose of the project is to create a specialized hardware and software complex based on the SKIT
supercomputer to solve the resource-intensive photogrammetric problem.

Materials and methods. The software and hardware complexis based on original architecture ofthe SKIT supercomputer
and photogrammetric method of building 3D scenes, which is reproducing the 3D objects by photographs. The task of
photogrammetry involves the processing of several ten thousand photographs to create 3D scanned images of monuments,
historic buildings, archaeological excavations, and urban objects using RealityCapture software.

Research results. The project innovative result is the creation of the first in Ukraine specialized software and hardware
system that uses high-performance computations to solve the problems of 3D reconstruction by photographs. Also,
the Institute of Cybernetics, together with its partners, has developed Cloud Studio specialized hardware and software
system.

Conclusions. The creation of specialized supercomputer segment and examples of its use have demonstrated the
effectiveness of such solutions in 3D modeling and animation, as well as the presence of a significant interest and a large
market of supercomputer technologies. The Cloud Studio continues a successful experience of creating specialized
computing systems designed to solve important applied R&D problems.
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the study of algorithms for planning the queue of
computational tasks, the Institute of Cybernet-
ics is implementing projects that have a long-
term scientific value and innovative products
that are interesting not only to the scholarly re-
search community, but also to Ukrainian industry
and business.

One of the SCIT applications was solving the
photogrammetric problems within the framework
of collaboration between the Glushkov Institute
of Cybernetics of the NAS of Ukraine and Pixe-
lated Realities NGO initiated in the spring of 2016.
The latter is engaged in the promotion of digital
methods for the restoration, reconstruction, re-
search of cultural heritage objects and for plan-
ning and revitalization (improvement) of urban
space. The photogrammetric tasks comprise pro-
cessing several ten thousand photos, which takes
a couple of months with the use a regular work-
station. The project innovative component is the
creation of the first in Ukraine specialized soft-
ware and hardware solution based on supercom-
puter to solve the resource-intensive photogram-
metric tasks using RealityCapture software [1].
During the year, the partners have managed to
implement many projects to scan monuments, his-
toric buildings, archaeological excavations, and
urban sites, and even have taken part in the crea-
tion of a documentary film about the Chernobyl
Nuclear Power Plant in virtual reality.

The key scientific result that has made it pos-
sible to create a specialized software and hard-
ware is the SCIT architecture: diskless compute
nodes enable to easily reconfigure and to struc-
ture the computing field changing the operating
system and workflow thereby adapting it to a
specific task.

The architecture of image processing and 3D
scene cluster is fundamentally different from that
of conventional clusters. Unlike the classical R&D
tasks processed in the batch job mode, when the
researcher puts the task on the queue, determines
the amount of resources, and waits for the com-
pletion of the process, the 3D modeling and ani-
mation tasks are processed in the streaming mode.
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The data are continuously replenished from the
cloud storage, processed in interactive mode, with
the generated frames or models sent back to the
repository. Usually, such tasks require the active
use of graphic accelerators and large RAM.

To save interim results of calculations in the
compute nodes, a specialized system based on
high-speed SSD drives with a speed of 600 MB/s
and an aggregate speed of 18 GB/s was created.

THE SCIT ARCHITECTURE

The cluster-type supercomputer (Fig. 1) is a
set of compute nodes, with multiple processors
sharing a common operating system and memory
(SMP architecture), which are united by several
local area networks of different purposes and per-
formance. Among the compute nodes, there are
separate nodes for centralized control of the com-
puting process. The supercomputer includes serv-
ers specializing in managing common file resourc-
es and external user access to the cluster. The
cluster complex has one or more specialized com-
pute nodes with additional hardware and soft-
ware, which are integrated in small complexes
with control nodes.

The cluster complex consists of several cluster-
type supercomputers connected by a common file
system and control networks. The clusters in the
complex have common control structures.

The specialized software and hardware com-
plex for solving the reconstruction tasks is de-
signed on the SCIT-4 cluster based on the HP
ProLiant Gen8 BladeSystems platform, which
has the following characteristics:

+ The cluster consists of 12 nodes based on Intel
Xeon E5-2600 CPUs with a frequency of 2.6
GHz, 192 compute cores, 36 NVidia Tesla
M2075 accelerators, and 768 GB RAM,;

+ It is integrated with the data repository of
cluster complex with a capacity of 150TB;

+ 56 Gbps Infiniband FDR data transmission net-
work between nodes.

Each node has a real performance of 1 TFlops, 16
cores (32 cores in HyperThreading mode), 64 GB
RAM, and 3 NVidia Tesla M2075 accelerators.
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PHOTOGRAMMETRIC TASKS

Photogrammetric tasks are among the prob-
lems to be solved. The photogrammetry method
involves the creation of point clouds of real world
objects from photographs filmed at different an-
gles. The point clouds form the basis of a 3D mod-
el and a photorealistic texture. The photogram-
metric method is an affordable and fairly accurate
way of 3D scanning. The input images are ob-
tained using conventional cameras and unmanned
aerial vehicles. Further processing of images re-
quires a huge computing capacity, since calculat-
ing even a small number of photos with the use of
ordinary personal computer can last weeks or
months. In addition, it is rather difficult to store
a large number of high-quality photos for scan-
ning and to calculate models based on these ma-

Web server

HTTP

web-server
SSH / Supercomputer
port 23 ™ | Routers HTTPS control system
HTTP ~~ web-server
port 80 Firewall
HTTPS Nat-filter Cluster gate
port 443 SSH

gate

Data control and transfer network

Lustre data
storage system

terials requires a powerful and stable computing
technique. The SCIT supercomputer [2—5] is
able to cope with the outlined scope of tasks.

Photogrammetry finds application in many
fields: geodesy, cartography, military affairs, ar-
cheology, architecture, and others [6—8]. Tt is dif-
ficult to imagine a progress in any industry with-
out surveying, testing, studying samples, experi-
menting, analyzing data, etc. Having a virtual
image of object makes unnecessary to go to the
real object location for looking at it carefully. In
particular, this method can be used to register ob-
jects of cultural and historical heritage by creating
3D models. Historical events, natural phenomena,
human negligence, etc. can lead to irreversible
changes in the objects of importance to humanity.
Therefore, it is important to record in the original
form all things that have not been lost.
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Fig. 1. SCIT cluster structure
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The task of cinematography is similar: it is to
create a 3D animated film. Each object in the vir-
tual space is processed in the same way as for pho-
togrammetry, the only difference is that drawings
are used as source material instead of photo-
graphs. Usually, animation is used for work with
children. In the view of intensive information
traffic, the animated films are likely the most ef-
fective to familiarize children with advanced te-
chnologies [9—11].

Selected projects
implemented using the SCIT
cluster infrastructure

The examples below have been created with the
use of RealityCapture software [1].

1. Monument to Duke (Armand de Richelieu),
Odesa (Fig. 2)

Project description: 890 photographs; time of
initial collation of camera positions is 8 hours;
point cloud calculation takes 36 hours. A model
of 800 million polygons has been obtained.

Historical information. Armand-Emmanuel So-
phie Septimanie de Vignerot du Plessis, 5% Du-
ke of Richelieu and Fronsac was born on Sep-
tember 14 (25), 1766, in Bordeaux, Municipality
of Bordeaux, Occitan, France and died on May
17,1822, in Paris, France. Since 1803, the Gover-
nor of Odesa. In the years of his administration,
Odessa greatly increased in size and importance,
eventually becoming a European metropolis of
that time. The grateful Odesites erected a bronze
monument to him. It was found on June 30, 1827.
The sculptor was Ivan Martos [12].

A simplified 3D model of the monument is
available at https://sktb.ly/Wxy6.

2. Passage Hotel, Odesa (Fig. 3)

Project description: 5200 photographs; time of
initial collation of camera positions is 23 hours;
point cloud calculation takes 196 hours. A model
of 2 billion polygons has been obtained.

Historical information. Passage Hotel is a hotel
complex and shopping gallery, a monument of
history and architecture of the late 19" —early
20" centuries, in Odesa, at 34 Preobrazhenska
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Fig. 2. Monument to Duke (Armand de Richelieu), Odesa

St., (corner of Deribasivska and Preobrazhenska
Streets, Primorsky District).

The Passage Hotel was built on a historic site.
The first buildings belonged to two officers who
received a plot for buildup at the end of the 18
century and sold it for the construction of a rent-
al house in 1822 to businessman Kramarev. The
house was built in the 1840s. Anna Sinitsina sold
it to Moses Mendelevich, a merchant of the first
guild. Mendelevich demolished the revenue hou-
se and began to build Passage (the Mendelevich
Passage). The design authors were architects Lev
Vlodek (leader of the group) and Tova Fischer
and sculptor Samuel Milman. The sculptural gro-
up has not been preserved in its original form be-
cause of the fire of October 31, 1901. Some parts
of the group and the tower over the main entrance
at the corner of Preobrazhenska and Deribasivska
Streets were eradicated and have not been re-
stored. The main figures of the group, Mercury
and Fortune, are many times repeated in the dec-
orative elements. At the time of its commission-
ing, Passage was furnished according to the most
advanced standards as it had electric lighting ge-
nerated by autonomous power plant, steam heat-
ing, telephones, and elevator. There were 162
comfortable rooms in the hotel [13].

The name of the building, Passage, originates
from French and means «a gallery with shops on
both sides thereofs. It was a new type of shopping
mall. The first floors of the building were origi-
nally equipped as shopping places [13].
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Fig. 3. Passage Hotel, Odesa

Before the Bolshevik coup, due to the location
in the city center, the Passage hosted prime, the
most reputable shops: Kochricht jewelry shop,
perfume and haberdashery shop by Auderskyi Jr.,
Katsman underwear boutique, Izefer shop of gra-
mophones and musical instruments, G. Beckel gas-
tronomy shop, Halperin haberdashery boutique,
Kuznetsov Association porcelain ware store, New
Time bookstore by Suvorin, Eyshysky postal cards
shop, and Passage Courtyard Photo Studio by Ya.
Belotserkovsky. During the Romanian occupa-
tion of Odesa (1941—1944), Passage worked as
usual, with shops operating under brand names in
Ukrainian [13].

3. Primorskyi Boulevard, Odesa (Fig. 4)

Project description: 6000 photographs; time of
initial collation of camera positions is 44 hours;
point cloud calculation takes 220 hours. A model
of 1.4 billion polygons has been obtained.

Historical information. Prymorskyi (Seaside)
Boulevard (New Boulevard in 1827—1831, Sea-
side Promenade in 1831—1857, City Boulevard

in 1857—1877, Feldman Boulevard in 1919—
1941, Nicolas’ Boulevard in 1877—1919, 1941—
1944) is a street in the historical downtown of
Odesa. It runs from the City Duma (Council) to
the Vorontsov Palace. The one side is built up,
while the other is a green embankment towards
the port. In the surroundings, there are Pushkin-
ska Street, Tchaikovsky and Vorontsovski Lanes,
Catherine’s and Dumska Square. From the Boul-
evard to the pot ne can get going down the Po-
temkin stairs or by funicular [14].

While reconstructing the boulevard in 2008,
having removed the asphalt pavement, the re-
mains of a culture closely related to the ancient
Greek one dated back the 6"—5" centuries BC
and fragments of Yeni Dunya fortress were dis-
covered. The archeological excavations were
stopped since they could not be continued unless
the whole boulevard pavement was dismantled,
with the site where the artifacts were found cov-
ered with a glass dome and operating as mini-mu-
seum [14].
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Fig. 4. Prymorskyi Boulevard, Odesa

4. Chornobyl 360 (Fig. 5) Within the framework of Chornobyl 360 docu-
Project description: 8700 photographs; time of | mentary project, the Chornobyl NPP was scanned
initial collation of camera positions is 22 hours; | (together with the Arc). Based on the results of
point cloud calculation takes 58 hours. A model | the ground-based and airborne surveys (with the
of 1.2 billion polygons has been obtained. help of an unmanned aircraft), the project team
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Fig. 5. «Chornobyl 360»

received more than 20 thousand photographs to
create a 3D model of the plant and its surro-
undings.

The scan was carried out right before the larg-
est movable structure in Europe, the Arc, was
placed above the old sarcophagus over the fourth
power unit (the Shelter) for the next 100 years.
The interim results of this work were presented
on November 18, 2016, at the UN Headquarters
in New York, at a special multimedia exhibition
whose visitors had the opportunity to visit the
Exclusion Zone through virtual reality glasses
(http://ukraineun.org/press-center/191-8-lys-
topada-v-shtab-kvartyri-oon-vidkrytsya-multy-
mediyna-vystavka-chornobyl360/).

5. Poshtova Square, Kyiv (Fig. 6)

Project description: 3800 photographs; time of
initial collation of camera positions is 18 hours;
point cloud calculation takes 42 hours. A model
of 300 million polygons has been obtained.

In 2015, at the beginning of the reconstruction
of the Poshtova Square in Kyiv, archaeologists
uncovered unique artifacts from the times of Kyi-
van Rus — the remains of paved streets, buildings,
and fortifications dated back to the 10™"—13 cen-
turies. According to the Director of the Archeol-
ogy Center of Kyiv of Institute of Archeology of
the NAS of Ukraine, Candidate of Historical Sci-
ence Mykhailo Sagaidak, in 2015—2016, they
discovered unique articles of the ducal age and
the remains of riverside city quarter of medieval
Kyiv [15]. From now on, it can be stated that on
the territory of Poshtova Square there was the
port with a lively trade.

As world practice shows, such discoveries usu-
ally become points of cultural attraction for tour-
ist cities. The results of Poshtova Square excava-
tions have given grounds to hope for the preser-
vation of the ancient Kyiv street and its opening
for visitors in the pristine condition. Under the
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Fig. 6. Poshtova Square, Kyiv

guidance of the Archeology Center of Kyiv of the
Institute of Archeology of the NAS of Ukraine,
Pixelated Realities NGO recorded the archaeo-
logical excavations with medieval timber struc-
tures and created their 3D model in June 2016.

With researchers of Glushkov Institute of Cy-
bernetics of the NAS of Ukraine engaged, a 3D
model of the entire location has been created and
a prototype virtual tour has been developed. The
scaled-down model of excavations made on a 3D
printer was presented during a press conference
held on July 15, 2016, under support of the Min-
istry of Culture of Ukraine.

The digitization of archaeological finds enables
to apply new approaches to a very urgent plan-
ning of conservation works and museumization
of artifacts. Such 3D models can be printed out
and sent to other researchers or used to view ex-
cavations of different ages within the same loca-
tion. This is just one example of how the tech-
nologies make the modern museums different
from the conventional ones and interesting for
visitors. More information is available at https://
www.youtube.com/watch?v=0j5dBaBDmMc.

6. Tustan Fortress, Urych Village (Sokoliv
District, Lviv Oblast) (Fig.7)
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Fig. 7. Tustan Fortress, Urych Village (Sokoliv District, Lviv
Oblast)

Project description: 9500 photographs; point
cloud calculation takes 560 hours. A model of 800
thousand polygons has been obtained.

Historical information. Tustan is a destroyed
rocky fortress of the times of Kyivan Rus located
in Lviv Oblast. At present, only the rocks have
remained from it. Based on archaeological survey,
rocks scanning, and 3D-modeling, the Tustan Na-
tional Historical and Cultural Reserve seeks to
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Fig. 8. Cloud Pictures Studio

restore the original appearance of the fortress. In
Urych, the visitors can see how the fortress ap-
peared before, thanks to complementary reality
program created by two young talented develop-
ers, third-year students of the Lviv Polytechnic
National University. The app enables to imagine
the scale of the building and demonstrates how
the wooden fortress was constructed by ancient
craftsmen amongst the steep rocks. The app is
available at http://bit.ly /Tustan App.

7. Cloud Pictures Studio (Fig. 8)

Also, in 2016, the Glushkov Institute of Cyber-
netics of the NAS of Ukraine and its partners,
Panama Grand Prix 1td and Pixelated Realities
NGO, created Cloud Pictures Studio special hard-
ware and software complex to solve a wide range
of 3D modeling tasks. The project aims to increa-
se the capacity and to expand the scope of appli-
cation of the SCIT supercomputer.

The developed Cloud Pictures Studio has signi-
ficantly expanded the scope of SCIT application
and caused a considerable interest among the
creative community, in particular, among young
architects, photographers, and 3D artists. The
cloud studio was integrated into animation film

studio, with project partner making calculations
for the first in Ukraine full-length 3D animated
cartoon Mykyta the Rawhides Dresser that was
screened in October 2016, in Ukraine, and in ear-
ly 2017, worldwide. The average duration of com-
putation of a single frame was 4 hours. Totally,
the cluster has computed 50 thousand frames,
60% of which are included in the final version.
As a result of the project implementation, Clo-
ud Pictures Studio hardware and software com-
plex has been launched to solve rendering tasks
(visualization in computer graphics).

CONCLUSIONS

The experience of 2016 has demonstrated a sig-
nificant interest, a sales market, a social impact,
and urgent tasks for 3D modeling and animation.

The Institute of Cybernetics is creating special
computer systems to solve important applied
R&D problems.

In 2013—2014, a virtual hydrodynamic labora-
tory was established for modeling the dynamics
of liquids and gases, calculating the dynamics of
helicopter blades, turbines, flow around the body
of dry cargo ship, etc. The implementation of
Cloud Pictures Studio project is one more evidence
of successful experience.

As part of the Cloud Pictures Studio initiative,
photogrammetric surveys and computing resourc-
es have been provided for creating a 3D model of
Yaroslav the Wise bust kept at the Sofia of Kyiv
National Museum. The results have been used to
create Ukraine. Return of History-2 documentary
film released on August 24, 2017.

It should be noted that the SCIT additional
computing resources can be used not only in com-
puter graphics, but also to meet the needs of a
wide range of users of parallel and grid computa-
tions at the institutions of the NAS of Ukraine.
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CYIEPKOMITIOTEP AK IINTATOOPMA
JIJIA THHOBAIIIMHOTO PO3BUTKY

Beryn. B IHeruryri kiGeprernku imeni B.M. [mymkosa HAH Ykpaitnu GyHkiionye Haitbiibiumii B Ykpaiti cynepkom-
m'iorepuuit komiieke CKIT, 3arasbHa rmikoBa IpOyKTUBHICTD SIKOTO csirae 43 TpJiH oniepatiiil Ha cekyHy. Cyrnepkomir'iotep
e(eKTUBHO BUPIIITYE 3aBJaHHA MAaKCUMAJIbHO ITUPOKOTO CHEKTPY — BiJl OCJIIPKEHHS Hap 3eMJli J10 JIIHTBICTUYHUX CTY/Lii
Ta BiJl TEHETUKU /10 MOJIEJIIOBAHHS €BOJIOIII1 YOPHUX JIip.

Ope 3i cBOIX 3aCTOCYBaHb KOMILJIEKC 3HANIIOB B paMKax HaykoBo-TexHiunoro npoekty HAH Ykpainu minx yac pos-
B’sI3aHH 3aa4 poTorpamMerpii pu maptHepcTsi 3 [pomazcbkoro opranisaiiieio «Pixelated Realities», mio 3aiiMaetnbest mpo-
CYBaHHAM M(PPOBUX METO/IB SIK /ISl pecTaBpallii, PEKOHCTPYKILT, Z0CTizKeHHs 00’ €KTIB KyIbTYPHOI CIIAAIIMHU, TAK 1 1JIs
TJIAaHYBaHHS 1 peBiTamisariii (1T0sKBaBIEHHS ) MiCBKOTO ITPOCTOPY.

Mera. CTBOpeHHS CIIelliali3oBaHOTO IIPOrPaMHO-allapaTHOro0 KoMiutekey Ha Gasi cynepkomir’'orepa CKIT st Bupi-
HIEHHS PECYPCOEMHOTO 3aB/laHHs (hOTOrPaMMeTpii.

Marepiany it MeToau AociizKeHHs. [IporpaMHO-anapaTHIil KOMILIEKC CTBOPEHO Ha 6a3i OpUriHaIbHOT apXiTeKTypu
cynepkomm’iorepa CKIT ta (hoTorpaMMeTpiaHOTO METOLY TTOOYI0BY TPUBUMIPHUX CIIEH, SIKHIT TIOJIITac y BiaTBOpenHi 3D-
o0’ekry 3a dororpadismu. 3asaanHsa Gororpammerpii nepenbauac 06poOKy necaTkiB Tucsay Gororpadiil a1 CTBOPEHHS
TPUBUMIPHUX CKAHOBaHUX 00Pa3iB aM ATHUKIB, iCTOPUYHUX OY/1iBeJib, APXEOJOTIUHUX PO3KOIIIB Ta ypOaHicTHUHUX 00’ €KTiB
3 BUKOPUCTAHHSM TIporpaMHoro 3abesieuenns RealityCapture.

PesyabraT 1ociizkeHHsa. [HHOBAIIITHUM Pe3yJIbTaTOM IIPOEKTY € CTBOPEHHS MEPIIOro B YKpaiHi clierianizoBaHoro
[IPOrPaMHO-AMAPATHOTO KOMILIEKCY, SIKIiT BUKOPHCTOBYE BUCOKOIPOAYKTUBHI OOUMCIIEHHST [JIs1 BUDIIIEHHS! 3aB/IaHb TPUBHU-
MipHOI pekoHCTpyKILii 3a poTorpadismu. Takoxk B [HCTUTYTI KiGEpHETUKN pasoM 3 mapTHepaMu po3polbJieHo cleliaizoBa-
HUI TPOrpaMHO-aMapaTHUI KOMIITIEKC «XMapHa KiHOCTYIisT».

BucnoBku. CTBOPEHHSI CIIEIiali30BAHOTO CYIIEPKOMIT IOTEPHOTO CETMEHTA Ta MPUKJAAN HOr0 BUKOPUCTAHHS MPOjie-
MOHCTpPYBaBa/ii e()eKTUBHICTb TAKMX PillleHb B HANPAMi TPUBMMIDHOTO MOJIEJIOBAHHS M MYJIBTUILIIKAIL], a TAKOK HasB-
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Golovynskyi, A., Malenko, A., and Roganova, O.

HICTb 3HAYHOTO iHTEpecy Ta BEJMKOTO PUHKY CYHEPKOMITIOTEPHUX TEXHOJIOTIi. «XMapHa KiHOCTY/Iis1» TPOIOBKUJIA YCITilI-
HUH JIOCBIJT CTBOPEHHST CIEIIaI30BaHUX 00UNCIIOBAIBHIX CUCTEM, TIPU3HAYEHUX JIJIsT PO3B’SI3aHHST BKJINBHX TTPUKITAHIX
HAyKOBO-TEXHIUHUX 3aB/IaHb.

Knwouosi crosa: pororpammerpis, TpUBUMipHE MOJIETIOBAHHS, CYTIEPKOMIT IOTEP.
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CYINEPKOMITIBIOTEP KAK ITJIAT®OPMA
JUIA NTHHOBAIIMOHHOTI'O PASBUTUA

Beenenne. B Uncruryre kubeprernku umern B.M. Tinymkosa HAH Ykpautsl GyHKIMOHUPYeT HAMOOIbIINIT B YK-
pantie cymepkommbioTepubiit kommieke CKUT, ob1mas mukoBast MpOAYKTUBHOCTH KOTOPOTO TOCTUTAET 43 TPJIH OTIepaIliii B
cexyuny. Cynepkomibiorep aOhEKTUBHO pelaeT 3a[aHus MAKCUMATbHO IMUPOKOTO CIIEKTPA — OT UCCIIEI0BAHUS HEP
3eMJu /10 IMHTBUCTUYECKUX CTY/IUI 1 OT TeHETHKH JI0 MOJIEIMPOBAHUST 9BOJTIOIINN YEPHBIX JIBIP.

OnHo M3 CBOUMX IPUMEHEHUI KOMILJIEKC HaIllesl B paMKax HayqHO-TexHuveckoro npoekrta HAH Ykpaumnbr Bo Bpemst
pernrenns 3agaun hororpaMmmerpun npu napraepcrse ¢ Obmiectsentoil Opranusanmueit «Pixelated Realities», koTopas 3aHu-
MaeTcst TIPO/IBIKEHIEM II(POBUX METOIOB KAK JIUISI PECTABPAIINH, PEKOHCTPYKIMH, HCCJAEOBAHISI 00bEKTOB KYJIBTYPHOTO
HACJIEe/IVs, TAK U [IJIsT TJIAHNPOBAHMS U PeATU3aIiui (OKUBJIEHIIS ) TOPOJCKOTO MTPOCTPAHCTBA.

Iesnb. Cosznatue crenuagbHOrO MPOrpaMMHO-AINAPATHOTO KOMILIeKca Ha Gase cynepkoMibiorepa CKUT st perue-
HUST PECYyPCOEMKOI 3a1a4u (hOTOrPAMMETPUN.

MarepuaJbl ¥ METOBI HCceioBanus. [[porpaMMHO-aIapaTHbIil KOMILIEKC CO3/[aH Ha 6aze OPUIHHATILHON apXUTeK-
Typsl cynepkommbiorepa CKUT 1 hoTorpaMMeTpuaeckoro MeTozia CO3/IaHusl TPEXMEPHBIX CIIEH, KOTOPOE 3aKJII0YaeTcs B
Boccozaannu 3D-o6bekra 1o pororpadusiv. 3agaua GoTorpaMMeTpUN TIpeAyCcMaTpUBaeT 00paboOTKy JecsaTKa Tucsy (poTo-
rpacduil 1y co3/aHust TPEXMEPHBIX CKaHMPOBAHHBIX 00PA30B IMaMSITHUKOB, HCTOPUYECKUX CTPOECHUN, apXEOJOrHYeCKUX
PACKOIOK U yPOAHUCTHIECKUX OOBEKTOB C MCII0JIb30BAaHUEM IPOrpaMMHOT0 obectieuenst Reality Capture.

PesyubraThl uccaenaoBanus. VIHHOBAIIMOHHBIM PE3YJIBTATOM IIPOEKTA €CTh CO3/IaHIe MEPBOr0 B YKpPAWHE CIIeIHalb-
HOTO TIPOTPAMMHO-ANTIAPATHOTO KOMIIJIEKCA, KOTOPBII UCIIOJIbB3YET BBICOKONPOIYKTUBHBIE BBIYHCIIEHIS [IJIsT PEIIEHNST 3a/1a-
HUH TpexMepHOil pekoHcTpyKiun 1o (ororpadusm. Takxke B THCTUTYTE KIOEPHETHKI BMECTE ¢ TAapTHEPAMU Pa3paboTaHo
CIIeIMabHbIN TPOrPaMMHO-alapaTHblii Komiieke « O6aauHass KUHOCTYAUS».

BoiBozabl. Co3jlanue CIIENUalbHOTO CYNEPKOMIIBIOTEPHOTO CETMEHTA U TIPUMEPBI €r0 UCIOJIb30BAHUS TPOJEMOHCT-
pupoBaiu 3GGhHEKTUBHOCTh TAKUX PEIieHuil B HANPABJIEHUN TPEXMEPHOTO MOJEJNPOBAHUS U MYJIBTUILIUKAIINN, & TAKKe
Hasryre OOJIBIIOr0 HHTEPeca U 3HAYUTETHHOTO PhIHKA CYHEPKOMITBIOTEPHBIX TeXHOMOTHiT. «ObIauHast KHHOCTYUST» [PO-
JIOJKUJIA YCTIETTHBII OTIBIT CO3/IaHMs CIENNATN3UPOBAHHBIX BBIYMCIUTENbHBIX CUCTEM, TIPEHA3HAUEHHBIX JUUIST PEIIeHNsT
BaKHBIX TIPUKJIA/IHBIX HAYYHO-TEXHUUECKUX 3a/1a4.

Knwueesvie caoea: bororpaMMeTpuis, TPeXMEPHOE MOJIETMPOBAHIE, CYTIEPKOMITBIOTED.
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