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MPTyaAbHOE HACAAME — 3TO TIMUQPOBbIEe KOTIMH, MO-

ACAU TIAMSITHUKOB KYABTYPBL U IIPUPOAHBIX OOBEKTOB.

Vaest BUDTyaAbHOTO HACA€AMsSI COCTOUT B COXPaHEHUN
nHdOpMAIIT 00 YHUKAABHBIX 00bEKTAX, 00eCTIeUeHNUH IIPO-
KOTO AOCTYyTIa K HeTL.

IOHECKO ormpeaeasieT ABe KaTeTOPUK BCEMUPHOTO HAaCAe-
awst: kyastypaoe (Cultural Heritage) u npupoanoe (Natural
Heritage), AASL HEKOTOPBIX OOBEKTOB BO3MOYKHO CO4eTaHUe
o6enx Kateropuil. Takoe Ke AeAeHUe NIPUMEHMMO B 00AACTU
BUPTYaAbHOTO HACACAWISL.

Ludposas komust 00beKTa — MIMPOKoe TousATre. [IpakTu-
4eCKoe BOIIAOIICHUE UACW «BUPTYAALHOTO HACACAWS» Bapbu-
pyetcst OoT cozaanmsi tndposbix Gororpaduil Ao paspaboTku
AeTaAbHBIX 3D-MoAeAell, OCHOBAHHBIX Ha HUX MH(OPMAIIMOH-
HBIX CUCTeM 1 MHTePAKTUBHBIX IPUAOSKEHMI.

C "auaaa 2000-X IT. ACITEABHOCTD TI0 CO3AAHUIO BUPTYaAD-
HOTO HACACAWS TIePeKUBAeT HACTOSIIINE OyM, UTO CBSI3aHO CO
CTPEMUTEABHBIM PA3BUTHEM 1 BBIXOAOM HA MAaCCOBBIN PBIHOK
TEeXHOAOTU, TIO3BOASIIOIINX CO3AABATh AeTaabHBIE 3D-MoaeAn
006berTOB. OCHOBHBIMU U3 HUX SIBASIIOTCSI Ad3€PHOE CKAHU-
poBaHue, GOTOrpaMMeTpus, AUCTAHIIMOHHOE 30HAUPOBAHME
3eman (A33), a Takke pasHOOGPa3HOE TIPOTPAMMHOE 00ecTIe-
yeHune AASL 3D-MOAeANPOBAHMSL.

irtual heritage is digital copies, models of culture

monuments and objects of nature. The idea of virtual

heritage consists in preservation, conservation of
information about unique objects and provision of wide access
to such information.

UNESCO defines two categories of global heritage:
Cultural Heritage and Natural Heritage. For certain object the
combination of both categories is applicable.

Digital copy of an object is a broad concept. Practical
implementation of virtual heritage varies from digital
photographs to detailed 3D models, information systems
based on such models and interactive applications. The same
division is applicable for virtual heritage.

Since the beginning of the 2000-s the trend of virtual
heritage lives through a real boom caused by rash development
and appearance in the broad market of technologies allowing
creation of detailed 3D models of objects. The main are laser
scanning, photogrammetry, Earth remote sensing (ERS), and
various software for 3D modeling.

Thematic of virtual cultural heritage, mostly in the sphere
of culture, architecture, archaeology, attracts the main interest
of researchers. The most respectable international conferences
in virtual heritage are: The International Conference on Virtual
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OcoObIil MHTEpPeC MCCACAOBATEACH BBHI3bIBAET TeMaTHKa
BUPTYAaAbHOTO KyABTYPHOTO HACAEAUSI, IIPEKAE BCETrO B 00-
AACTU CKYABIITYPHI, apXUTEKTYpHI, apxeorornut. K HauGoaee
[IPEACTABUTEABHBIM ME)KAYHAPOAHBIM KOH(EPEHIMSM B 00-
AACTHM BUPTYaABHOTO HacAeaust otHocsiTcs The International
Conference on Virtual Systems and Multimedia (VSMM),
International Symposium on Virtual Reality, Archaeology and
Cultural Heritage (VAST), 3D Virtual Reconstruction and
Visualization of Complex Architectures (3D-ARCH). B cetn
CYIIeCTBYyeT MHOJKECTBO aPXUBOB, KOAAEKLNII C OIMCAHI-
eM BBITIOAHEHHBIX [TPOEKTOB B 3TOu cdepe, Harpumep, CyArc
(http://archive.cyark.org/).

OaHMM 13 HanGoAee TIPEACTABUTEABHBIX JKYPHAAOB B Ce-
pe KyabTypHOrO Hacaeaws: sasiercst Journal of Cultural
Heritage (ISSN: 1296-2074), 3HaunTeAbHAsl 4acTh IyOAUKaA-
LIMIT B KOTOPOM TIOCBSIIIIEHA METOAAM, TeXHOAOTTISIM U TIPUMe-
paM IPOEKTOB BUPTYaAbHOTO KyABTYPHOTO HacAeAus. IlyOam-
KalUY 110 TeMaTUKe BUPTYAABHOTO HACAEAVS] MOXKHO TAKKe
HaATu B KypHaaax Virtual Reality (ISSN: 1359-4338), IEEE
Computer Graphics and Applications (ISSN: 0272-1716),
The Photogrammetric Record (ISSN: 0031-868X), IEEE
Multimedia (ISSN: 1070-986X), Journal on Computing and
Cultural Heritage (ISSN: 1556-4673), Science and Technology
for Cultural Heritage (ISSN: 1121-9122), Applied Geomatics
(ISSN: 1866-9298), Remote Sensing (ISSN: 2072-4292) u ap.

B mocaeAHee Bpemsi Pa3sBUBAETCs Takke 00AACTb BUP-
TYaABHOTO TIPUPOAHOTO HACA€AWSI, B OCHOBE KOTOPOW Ae-
KUT 3D-MOACAMPOBAaHME U AOKYMEHTUPOBAHUE YHUKAAb-
HBIX IIPUPOAHBIX OOBEKTOB, AAHAIIA(TOB, PeruoHOB. I1pu-
poAHble 00BEKTEL MOTYT MEHSTBCS CO BpeMeHeM, HaXOAUTBCS
TIOA YT'PO30¥1 Pa3pylIeHMs: — KaK BCACACTBIE ASTEABHOCTU
YeAOBEKa, TAK U B CUAY €CTECTBEHHBIX [TPUPOAHBIX IIPOLIEC-
coB. @urcanus nHboOpMaIY, 00eCTIeYeHe AOCTYTId K Hell
B AQHHOM CAy¥ae HeOOXOAUMBL TOUHO TaK JKe, KaK U AASL T1a-
MSITHUKOB KyABTYPBL.

Ilpu 5TOM caeAyeT HOHMMATh, 4TO 3D-MoAeAb 0OBEKTa
HY’KHO He TOABKO CO3AdThb, HO ¥ TIOKa3aTh TIOAb30BATEAIO. [10-
5TOMY BKHYIO POAb B Pa3BUTUM HAIMPABAEHUSI BUPTYyaAbHO-
IO HACACAVSI UTPAIOT TEXHOAOTMH BU3yaAu3aru HudpoBOTrO
3D-roHTeHTa, KaK OHAAVH, TaK 1 Ha CTAIIMOHAPHBIX CHICTEMax
BUPTYaAbHON peaabHOCTU. PocT ckopocTeit aoctyna K VHTep-
HeTy, passutie 3D-ABIDKKOB U (POPMATOB TPEXMEPHbIX AdH-
HBIX, TIosiBAeHME B 2010 TI. OBITOBBIX CTEPEOIKPAHOB CIIOCOO-
CTBYIOT Pa3BUTHIO PHIHKA COIYTCTBYIONINX TEXHOAOTHIL U TIPO-
TPaMMHOTO 06eCIIeueHIs], a 3HAUUT, 1 MACCOBOMY PACIIPOCTPa-
HEHUIO TIPUAOKEHUE «BUPTYAABHOTO HACAEAVIST».

Crpoc Ha TIPUAOKEHUST «BUPTYaABHOTO HACAEAUs», Oe3y-
CAOBHO, He CPaBHUM C IIOIyASPHOCTHIO KOMIIBIOTEPHBIX UIP.
CooTHolIIeHIe 3AeCh TAKOe JKe, KAK MEeYKAY My3eeM U KUHOTea-
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Systems and Multimedia (VSMM), International Symposium
on Virtual Reality, Archaeology and Cultural Heritage (VAST),
3D Virtual Reconstruction and Visualization of Complex
Architectures (3D-ARCH). There are lots of archives and
collections in the web describing the completed projects in
this sphere, for example CyArc (http://archive.cyark.org/).
One of the most respectable magazines in cultural heritage
is the Journal of Cultural Heritage (ISSN: 1296-2074), the
considerable part of publications of which are dedicated to
methods, technologies and examples of the virtual cultural
heritage projects. Publications on virtual heritage can also be
found in such magazines as Virtual Reality (ISSN: 1359-4338),
IEEE Computer Graphics and Applications (ISSN: 0272-1716),
The Photogrammetric ~ Record (ISSN: 0031-868X), IEEE
Multimedia (ISSN: 1070-986X), Journal on Computing and
Cultural Heritage (ISSN: 1556-4673), Science and Technology for
Cultural Heritage (ISSN: 1121-9122), Applied Geomatics (ISSN:
1866-9298), Remote Sensing (ISSN: 2072-4292) and others.

Lately there also develops the sphere of virtual natural
heritage. It is based on 3D modeling and documenting of
unique natural objects, landscapes, regions. Natural objects
can change with time, be under threat of destruction due
to human activity or natural phenomena. Conservation of
information, provision of access to it are often necessary same
as for cultural monuments.

3D model of the object should not only be created but also
shown to the user. That is why technologies of 3D content
visualization play an important part in the development of
the virtual heritage trend. This is applicable both to on-line
content and standalone systems of virtual reality. Increasing
speeds of access to the Internet, development of 3D engines
and formats of 3D data, appearing of household stereo
screens in 2010 contribute to the development of the market
of related technologies and software, and, therefore, to
worldwide implementation of virtual heritage applications.

Demand for virtual heritage applications, for sure, is not
comparable with the popularity of computer games. The ratio
here is same as between a museum and a cinema. Popular
cinema, computer game are dedicated to entertainment,
museum or virtual heritage application are intended to save
information and give a possibility to use it for the study,
education or self-education, including of game-like methods
(“edutainment”, or “gamification”)..

Any object of cultural or natural heritage exists in certain
context. For example, for an outstanding sculpture or
painting the context is other sculptures or paintings created
by predecessors, successors and contemporaries of the author.
That is why the development of virtual cultural heritage in



TpoM. MaccoBoe KUHO, KOMIIbIOTEPHAsl UTPa HAlleAEHb! Ha Pa3-
BAEUEHUE; My3eil UAU TIPUAOSKEHNE «BUPTYaAbHOTO HACACAUS»
[IPU3BAHbl COXPAHNTD MHQOPMAIIMIO U AATh BO3MOXKHOCTb €€
WCIIOAB30BAHUSL AASL U3Y4eHUsl, 00pa3oBaHUsl, CaMooOpa3oBa-
HUSI — B TOM YHCA€ TIOCPEACTBOM HUIPHL

A106071 OOBEKT KYABTYPHOTO MAU TIPUPOAHOTO HACACAUS
CYLIECTBYeT B HEKOTOPOM KOHTEKCTe. Hampumep, AAsl CKyAb-
TITYPbl AU KapTUHBI, 00AaAQIOMIeT GOABITION 3CTeTUICCKON U
KyABTYPHOT 11EHHOCTBIO, KOHTEKCTOM SIBASIIOTCST ADYTHE CKYAb-
NTYpPBl MAW KapTWHbBI, CO3AAHHbBIE IPEANIeCTBEHHUKAMH, IO-
CACAOBATEASIMU, COBPEMEHHUKAMU aBTOPA. [1o3TOMy paszBuTie
TIPUAOKEHUI «BUPTYaABHOTO HACACAMSI» €CTECTBEHHBIM 00pa-
30M IIPUBOAUT K CO3AQHNMIO HAOOpa BUPTyaAbHBIX 3D-Moaeael,
3D-KOAACKITNH. YCAOBHO TOBOPsI, BUPTyaAbHas « AJKOKOHAA» —
9TO AWIIb TIEPBBIN 3TAIl B CO3AAHUN BUPTYaAbHOTO AyBpa, TAE
OHa 3alIMeT CBOE TIOUeTHOE MeCTO.

AAsL apXUTEKTYPHBIX KOMIIACKCOB, apPXEOAOTMYECKUX
PACKOIIOK KOHTEKCTOM SIBASIETCSI TEPPUTOPUsI, HA KOTOPON
OHM HaXOAATCs. [OpOACKOIl palioH, XpaMOBBI KOMIIAEKC
1 A@KE OTAEABHO CTOslllee MHTEPECHOE 3AaHUE 3a4acTylo
He MOTYT ObITb dA€KBATHO TIpeACTaBAeHbI B popme 1mdpo-
Bom 3D-MoAean 6e3 MOACANPOBAHUS X OKPY>KeHUs. B cay-
4yae CAOXKHOIO peabeda caM apXUTEKTYpHbI OOBEKT He-
BO3MOXKHO CMOACAUPOBATb 0e3 yueTa peabeda MeCTHOCTH
(nampumep, rpedeckuit [lapdeHoH, MHOTHE eBPOIIENCKIE
3AMKU).

B emme Goabmieil cTerieHn 3D-MoAeANpOBAHIE TEPPUTOPUL
HeOOXOANMO B 3aaadax 1upoBoil (puKcaIy 0GbeKTOB IIPH-
POAHOTO HacACAWsL. be3yCAOBHO, IPUPOAHOE HACACAUE HE CBO-
AnTCst K AaHAAdTy, popme peabeda (3a OTHOCUTEABHO peA-
KAMH UCKAIOUeHUsMM). Ho B GOABIIMHCTBE CAydaeB HEBO3-
MOYKHO CO3AATh 3AGKBAaTHYIO BUPTYaAbHYIO MOACAb OOBEKTa
TIPUPOAHOTO HacAeAwst Oe3 3D-moaean peaveda, BHe KOHTEK-
CTa OKPY’KaloIllell MeCTHOCTH, PETMOHa.

AASL MOACAPOBAHMSL HEOOABIINX TEPPUTOPUIL UAU OTACAD-
HbIX GOpM peabeda MOTYT IIPUMEHSTHCS METOAbL AA3ePHOIO
CKaHMPOBaHMsT MAN (POTOTPAMMETPHN C UCIIOAB30BAHIEM Ha-
3eMHOM (POTOCHEMKI — TaK JKe, KAK U AASL KPYIHbBIX apXi-
TeKTYPHBIX AW apXEOAOTHMYECKUX KOMIIACKCOB. CAOKHOCTb
7 CTOMMOCTb WX IIPYIMEHEHNSI BO3PACTACT MIPOTIOPILIOHAABHO
naomaan. Ecan nHa oO0BbeKT mAOmaAbio 1 ra, ycAOBHO roBops,
TpeOyeTcst MpUMepHO 1 Mecsll oAeBbIX paboT U 1 oA Kame-
paabHOI 06paboTKu, To 3D-MOoAeAUpOBaHUE OOBEKTa IIAOLIA-
AbIO 1 KB. KM (1 TeM 6oaee 100 KB. KM) Ha3¢MHBIMU METOAAMMU,
O4EBUAHO, TIPAKTUYECKY HEBO3MOYKHO.

MoaeAanpoBaHe OOUIMPHBIX TEPPUTOPHII B 3aAa4axX CO3-
AQHUS «BUPTYaABHOIO HACACAUst» TpeOyeT IIPUBACUCHUS AQH-
HbIX A33: CIIyTHUKOBOM CheMKU BBICOKOTO Pa3pelieHus, aspo-
(bOTOCHEMKH, PAAAPHON CheMKH 1 AP. DTH AQHHBIE MOTYT HC-
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a natural way leads to creation of a set of virtual 3D models,
a 3D collections. Relatively speaking, virtual Mona Lisa is just
the first stage in creation of a virtual Louvre, where it will
occupy its place of honor.

For architectural complexes, archaeological excavations
the context is the territory where they are located. Town
district, temple complex and even separately standing
notable building quite often cannot be presented adequately
in a 3D model format without modeling the surroundings.
In case of a complicated relief the architectural object
itself cannot be modeled without taking the terrain into
consideration (for example, Greek Parthenon, many
European castles).

To even greater extent 3D modeling of the territory
is  mecessary for the task of digital preservation of natural
heritage objects. No doubt, natural heritage is not reduced to
landscape, relief (but for very rare situations). But in majority
of cases it is impossible to create an adequate virtual model
of a natural heritage object without a 3D model of terrain,
without the context of surrounding territory and the region.

Methods of laser scanning or photogrammetry with
application of ground imaging can be used for modeling of
small territories and certain forms of relief as well as for large
architectural or archaeological complexes. The complexity and
cost of their application grows in proportion to the area. If for
an object of 1 ha in area we need, generally speaking, 1 month
of field works and 1 year of cameral processing, 3D modeling
of an object of 1 square km in area (to say nothing of objects
of more than 100 square km) by ground methods practically
impossible, evidently. Modeling of vast territories for the
purpose of virtual heritage requires application of ERS data:
highly detailed satellite-based imaging, aerial photography,
radar imagery and others. These data can be used directly
(for example, as the model texture) or serve as the basis for
creation of a 3D model of the relief (for example, by methods
of photogrammetry on the basis of a pair of satellite images).

Satellite imagery can be used for modeling not only
of natural territories but of urban territories as well. For
example, CityEngine software allows rapid modeling of urban
development on the basis of satellite images (and other two
dimension data) with the application of generalized 3D models
of buildings and structures. For the historical reconstruction
of facades the database is used that contains information
about typical facades of buildings for different periods of
construction. The first commercial version of this product
was released in 2008, and already in 2011 the Procedural Inc.
manufacturing company was bought by ESRI. The ability of
automated 3D-modeling of urban territories presents in such
software as Google Building Maker, Agisoft PhotoScan Pro etc..
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Puc. 1. PeanuctnyHas BUpTyasibHasi MOLESb parioHa [onviHb reri3epos,
CcOo3/jaHHasi Ha OCHOBE CITyTHUKOBOU CbeMKU BbICOKOIO PaspeLLeHns

Fig. 1. Realistic virtual model of the Valley of Geysers region created on
the basis of high resolution satellite imagery

TIOAB30BaThCsl HETIOCPEACTBEHHO (HalprMep, KaK TeKCTypa MO-
AGAM) VAW CAY’KUTB OCHOBOYI AASI CO3AaHMST 3D-MOACAN peAbe-
ca (marpumep, MeToaaMu GOTOTPAMMETPUH TIO TIape CITyTHU-
KOBBIX CHUMKOB).

O4eBUAHO, UTO CIIyTHUKOBASI ChbeMKa MOYKET IIPUMEHSITh-
Csl AASL MOACAMIPOBAHUS HE TOABKO TTPUPOAHBIX, HO 11 TOPOA-
CKUX TeppuTopuil. Hampumep, ¢ NOMOIIBIO MPOTPAMMHO-
ro obecnevennsa CityEngine Ha OCHOBE CITyTHUKOBBIX CHMM-
KOB (M APYTHX ABYMEPHBIX AQHHBIX) MOKHO OBICTPO MOACAU-
POBaTh TOPOACKYIO 3aCTPOMKY C MCIIOAb30BaHUEM 00OOIIeH-
HBIX 3D-MoAeAeT 3AaHUI 1 COOPYKeHUH. AAS NCTOPUYECKO
peroHCTpyKIMK $Hacas0B UCTIOAB3YeTCst 6a3a AAHHBIX THIIO-
BbIX (hACAAOB 3AAHWIT PA3HBIX TIEPUOAOB TIOCTPOUKU. [lep-
Basl KOMMEPYeCKasl BEPCUSl 3TOTO IPOAYKTa OblAd BBIITyIIIE-
Ha B 2008 r, a yxe B 2011 I. mpousBoadIas ero Koma-
uust Procedural Inc. 6siaa kynena ESRI. BosmoskHOCTH aBTO-
MaTU3UPOBAHHOTO 3D-MOACANPOBaHUSL TOPOACKOM 3aCTPOT-
KN eCTh B TAKMX Iporpammax, kak Google Building Maker,
Agisoft PhotoScan Pro u ap.

Kak u mpoume METOABI, MOACAUPOBAHVE TEPPUTOPUM IO
AaHHBIM A33 1MeeT cBOM OrpaHudeHyst. To4HOCTh 1udpPOBOIL
MOA€AU peabeda, TIOCTPOEHHON METOAOM (POTOTpaMMeTpHUM
TI0 TIape KOCMOCHMMKOB, He IIPEBbIIaeT IPOCTPaHCTBEHHOTO
PpaspeleHnst CaMUX CHUMKOB; AOTIOAHUTEABHYIO TIOTPEIIHOCTD
BHOCUT PACTUTEABHOCTD, PYKOTBOPHBIe 00BEKTHL. PyvHas Kop-
PEKLMS MOAEAEYl MHOTOKPATHO YCAOXKHSET padoTy, IIO3TOMY
BO3MOYKHA AWIIL AASL OTPAHMYCHHBIX YIACTKOB U MOXKET YCTy-
11aTh 110 3(h(PeKTUBHOCTU aABTEPHATUBHBIM METOAAM.
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Puc. 2. Moaenb Tepputopun MOXeT ObITb 40M0SIHEHA NHTEPAKTUBHbI-
MU 3/1IEMEHTaMU, YyCUINBAIOLLINMU 3P DEKT «[10rpyXeHus »

Fig. 2. Model of the territory can be supplemented with interactive
elements enhancing the effect of “immersion”

Like other methods, modeling of the territory by ERS data
has its limitations. Accuracy of the digital model of the relief
built by methods of photogrammetry on the basis of a pair of
satellite images is not better than spatial resolution of images
themselves; additional error is introduced by vegetation,
man-made objects. Manual correction of models complicates
the work manifold that is why it is possible only for limited
land blocks and may be inferior in efficiency than alternative
methods.

In practice for the task of virtual heritage it is necessary to
combine several 3D models of the territory of different spatial
resolution and built by different methods. For example, model
of a vast territory built by ERS data may be added by more
detailed models of certain land blocks which are of particular
interest and are built by aerial photography data, ground
measurements or ground laser scanning results.

Enlargement of geographic context into which the object
is submerged eventually brings to idea of a virtual globe:
depiction of 3D content on the basis of the earth’s virtual
model. The first globally known virtual globe became Google
earth released for public in 2005. Later there appeared a whole
series of analogous products. In 2006 Andrew Turner suggested
the concept of “neo geography” as theoretic reasoning of this
tendency.

Satellite imagery and other ERS data acquire even bigger
importance for the development of virtual heritage applica-
tions, both natural and cultural. As an example of satellite data
application for creation of a virtual model of a territory we



Ha HpaKTI/IKe B ILIEASIX CO3AAHIA «BI/IpTYaAbHOFO HACACAVIS»
TIPUXOAUTCS] OOBEAVHATh HECKOABKO 3D-MoAeAell TeppuTopum
C Pa3HO CTETIEHBIO ACTAAM3AIINY, TIOCTPOEHHBIX Pa3HBIMI Me-
ToAamu. Hamprumep, MoaeAb OOIIMPHON TePPUTOPUH, TIOCTPO-
€HHasI 110 AAHHBIM CITyTHUKOBOW CheMKU, MOKET OBITb AOTIOA-
HeHa B CAydae HeOOXOAUMOCTU OOAee ACTAADHBIMU MOACASIMU
OTAEABHbIX Y‘IaCTKOB MECTHOCTH, HOCTpO@HHbIMI/I 110 AAHHBIM
a3pOCHEMKH, HA3eMHBIX 0OMEPOB UAM TIO Pe3yAbTaTaM Ha3eM-
HOTO AA3epHOTO CKaHMPOBAHIIS.

Pacummpenne reorpaduieckoro KOHTEKCTa, B KOTOPBII T10-
TPy>KeH 0OBEKT, eCTeCTBEHHBIM 00Pa30M IIPUBOAUT K MAEE CO3-
AQHMSI BUPTYaABHOTO TAOOyca — OTOOPKEHMIO TPEXMEPHO-
T'O KOHTEHTA Ha OCHOBE BI/IpTyaAbHOI;I MOAEA 3eMAn. HepBbIM
BCEMUPHO M3BECTHBIM BHPTyaAbHBIM TaoOycom cTaa Google
Earth, Bemymennsit 8 cBoboansiit aoctyn B 2005 r. Tlos-
JKe TIOSBUACS IIeABIN PSIA aHAAOTMYHBIX ITPOAYKTOB. B 2006 T.
Andrew Turner IpeAAOYKUA KOHIIEIIINIO «Heoreorpadum» Kak
TEOpPETUYECKOe OCMBICACHME STON TEHACHIIUL.

WTaxk, cryTHUKOBas CheMKa 1 ApyTue AaHHble A33 miprotpe-
TalOT BCe OOABIITYIO BAYKHOCTD AASI PA3BUTUS ITPUAOSKEHIT BUPTY-
AABHOTO HACACAVSI — KaK IIPUPOAHOTO, TaK M KyABTYPHOTO. B Ka-
4eCTBe IIPrMepa MCTIOAb30BAHIIS CITy THIKOBBIX AAHHBIX AASI CO3-
AQHVST BUPTYaAbHOW MOACAYM TEPPUTOPUN MOYKHO PAaCCMOTPETb
IIPOeKT «BupTyaabHas AOAVMHA rei3epoB»’, KOTOPDII BLIIOAHS-
etcst B ToM umcae mpu roaaepskre VT « CKAHOKC» [1-3].

Lindposas Moaeab peabedpa parioHa AOAMHBI Tefi3e-
pos 6biaa cosaana crennaanctoM MTL « CKAHSKC» k.rh.
A A, AAeTTHMKOBEIM TIO Tape KOCMO-
cauMkoB  CartoSat-1 ¢ paspemieHuemM
2.5 M. DTa MOACAD OBIAA AOTIOAHEHA TeK-
CTypOI1 1 BHEAPEHA Ha BUPTYaAbHBIN TAO-
6yc ¢ moAsepIKKOiL 3(P(PeKTOB COAHETHO-
O OcBerneHws 1 aTMocepsl. B kadectse
TEKCTYPBl UCIIOAB30BAACS KOCMOCHUMOK
GeoEye-1 ¢ paspemenueM 0.5 M. Takum
00pazoM, OblAd CO3AaHA PEAAUCTUIHAS
BUPTYaAbHAsI MOACAb TEPPUTOPUN TIAO-
maasio 6oaee 200 k8. kM (puc. 1).

Tounast npuBsi3KaA MOACAU K MUPO-
BOI1 CUCTeMe KOOPAUHAT OblAQ BLITIOAHE-
Ha TIPY TIOMOIIM CITyTHUKOBOM T'€OAC3U-
YECKOW CBhEeMKU. AAS OIPEACACHUS KO-
OpAI/IHaT OHOprIX TOYEK HA MECTHOCTU
WCTIOAB30BAACS] AByX4YaCTOTHbIN I€OAC3H-
uecknit GPS-tipreMHnK B Anddepentiu-
aABHOM PE>KMME C OMIOPHBIMU 6330BBIMU
cranuusiMu reousndeckont cetu. Tod-
HOCTb OIIPEACACHUSI KOOPAMHAT OIIOp-

HbIX TO4Y€K Hd MECTHOCTU COCTaBUAA
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can review the “Virtual Valley of Geysers” project' which is be-
ing brought into life with the support of ScanEx RDC, among
others [1-3].

Digital model of the Valley of Geysers region was created
by Aleinikov. A., Ph.D (Geography), ScanEx RDC specialist,
on the basis of the pair of CartoSat-1 space images with 2.5 m
resolution. This model was added with texture and introduced
into virtual globe with support of sunlight and atmosphere
effects.GeoEye-1 of 0.5 m resolution was used as the texture.
Therefore, realistic virtual model of the territory of more than
200 square km was created, fig.1.

Accurate referencing of the model to the global coordinate
system was performed with the help of satellite geodetic survey.
Two- band geodetic GPS-receiver in differential mode with
reference base stations of geophysics network was used for
definition of control points coordinates. Accuracy of definition
of control points coordinates on the surface was 0.1-0.5 m.
Thus, the model of the territory was accurately referenced in
WGS-84 system.

Cross-platform “virtual globe” osgEarth on the basis
of open software OpenSceneGraph and OpenGL was used
for realistic representation of territory model in geographic
context. Unlike the majority of analogous products (Google
Earth, etc.) osgEarth supports the possibility to refine mod-
els of relief, to show the model in stereo mode, to depict
objects under the Earth surface, to implement interactive

elements (fig. 2).

Puc. 3. Karasiior ocHOBHbIX 06beKTOB []o/1nHbI refi3epoB, UeHTpasibHas Yactb / Fig. 3. Catalogue
of main objects in the Valley of Geysers, central part

Earth from space = Issue 15 = Fall 2012 = 59



] ryMaHI/ITaprIe acneKkTbl UCrnoJib30BaHNA KOCMHNYeCKUX CHUMKOB

rrent date: 14,102

0.1-0.5 M. Takum 06pa3oM, MOACAD TEPPUTOPUN OBIAZ TOYHO
NIpuBsA3aHa B cucteMe WGS-84.

AASL PEaAUCTUYIHOTO OTOOP&KEHWS MOACAU TEPPUTO-
pun B reorpadpuyeckoM KOHTEKCTe ObIA IIPUMEHeH KpOcC-
1AaT(OPMEHHBIN «BUPTyaAbHbIN TAOGyc» osgEarth Ha Gase
OTKPBITOTO TIporpamMmHoro obectiedenus OpenSceneGraph
n OpenGL. B oTandne OoT GOABIIMHCTBA aHAAOTMYHBIX IIPO-
aykros (Google Earth u t.), B osgEarth peaamsosama BO3-
MOKHOCTb ATAAM3AIIN MOACAU pPeAbeda, TIOKa3 B CTEpeo-
peKuMe, 0ToOpakeHe OOBEKTOB TIOA TTOBEPXHOCTBIO 3EMAH,
BHEApPEHNe MHTePAKTUBHBIX 9AeMeHTOB (puc. 2).

MoaeAb TeppUTOPUI CAYXKUT TPeXMEepPHOW TeOTpHBSA3aH-
HOU OCHOBOM, 3D-uHTepdericoM AASL TIOKA3a PA3AMIHON UH-
opmanny, CBSA3AHHON C AQHHOW TEPPUTOPHEH U PACIIOAO-
SKCHHBIMU Ha Hell 00beKTaMu. AaHHble MOIYT OTOOPaKaThCst
HETIOCPEACTBEHHO B IIPOCTPAHCTBE MOACAU AMOO MOACAb MO-
JKeT COAePIKATh CCHIAKI Ha BHEIIHUE PecypChl (AOKAAbHbBIE NAK
ceTeBble). BbIOOp CrI0C00a CBSI3M AOTIOAHUTEABHOH MHGbOPMA-
1y ¢ 3D-MOAEABIO OTIpeAeAseTCs 3aAadaMu, AASL KOTOPBIX HIC-
TIOAB3YeTCSI IIPUAOKEHNUE, Y TUTIOM AQHHBIX.

Hanpumep, BUpTyaAbHast MOACADL PailoHa AOAUHEL refise-
POB CAYXKUT OCHOBO AAsL OTOOPAYKeHUS KATAAOTa 0OBEKTOB
(rei13epoB, UCTOYHUKOB U Ap., puc. 3) [4]. Mapkep o6bek-
Ta B BUPTYAABHOI ClieHe TIO3BOASICT IPOCMOTPETh AOTIOAHU-
TeABbHBIE CTEPEOCKONNYeCKUe, TPeXMepHBIe AaHHBIE B IIPO-
CTpaHCTBe MoAeAn (Hampumep, ctepeodUAbM C U3BEpKe-
HueM refizepa mam 3D-aHMMAaUWIO NPUHNINNNAABHON CXe-
MbI paboTHI Teidepa) ANGO TIepeNTn Ha BeG-CalT MpoeKTa
(www.valleyofgeysers.com) u HOAyIMTH AOTIOAHUTEABHYIO
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Puc. 4. Jlokarnb-

Hasi CefiCMUYHOCTb
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Fig. 4. Local seismic
activity in the area
of the Valley of
Geysers. Data by
Kugaenko. Yu.et all,
Kamchatka Branch
of Geophysical
Survey of the
Russian Academy of
Sciences

Model of the territory serves as 3D geo referenced basis,
3D interface for showing various information related to this
territory and objects located on it. Data can be displayed
directly in the model space or the model can contain
references to external resources (local or web). Selection of the
method to connect additional information and the 3D model
is determined by the tasks for which application is used and
the type of data.

For example, virtual model of the Valley of Geysers
is used as a basis for depicting the catalogue of objects
(geysers, springs, etc., fig.3) [4]. Marker of the object in
virtual environment allows viewing additional stereoscopic
3D data in the model space (for example, stereo film with
geyser eruption or 3D animation of geyser functioning)
or follow the link to the web-site of the project (www.
valleyofgeysers.com) and get additional information about
the object (texts, photo, video) from the on-line data base.

High definition virtual model of the territory
complete with the tools for its information content and
interactive visualization provides ample possibilities
for demonstration and analysis of scientific data. For
example, virtual globe with support of stereo visualization
can effectively be used for presenting seismic data both
for certain regions and for the Earth in general (fig.4) [5].
Therefore, the sphere of virtual natural heritage happens to
be closely connected to the tasks of scientific visualization
and scientific education.

Application of ERS data for the tasks of virtual heritage,
non-commercial in point of fact, depends on the support of



nudopmanuio 06 o6berre (TeKCTH, $OTO, BUACO) U3 OH-
AaitH 6a3bI AAHHBIX.

BupryaabHAs MOAeAb TEPPUTOPHI BBICOKOTO Pa3pelIeHIs,
AOTIOAHEHHAs1 UHCTPyMeHTapreM ee MH(GOPMAIMOHHOTO HAIlOA-
HEHWSI ¥ MHTEPAKTUBHON BU3yaAn3alny, 0OecIIeunBaeT IIpO-
K€ BO3MOXKHOCTH AASL ACMOHCTPALINY 1 aHAAN3A HAYYHBIX AdH-
HBIX. Hampumep, BUPTyaAbHbBIN TAOOYC C TIOAACPIKKOI CTepeo-
BU3YaAM3aNU MOXKeT 3(PQeKTUBHO UCTIOAB30BATHCST AAS TIOKA3a
CeTICMITIeCKIX AQHHBIX KaK AASI OTACABHBIX PETMOHOB, TaK U AASL
Beeit 3eman (puc. 4) [5]. Takum o6pasom, cepa BUPTyaABHOTO
IIPUPOAHOTO HACACAVSI OKA3bIBAETCS TECHO CBsI3aHA C 3aAauaMul
HAy4YHOU BU3YyaAM3alliU 1 HAyYHOTO OOpa30BaHusL.

[pumeHeHne AaHHBIX A33 AAS 3aAAY CO3AAHYIS K BUPTYaABHO-
TO HACACAVIS» , HEKOMMEPUeCKIX 110 CBOCH CyT!, BO MHOTOM 3aBU-
CHT OT TIOAACPSKKI TIPaBOOOAAAATEACT], COOCTBEHHIKOB AAHHBIX.
Yemex mipoekTa «BupryaapHas AoAmHA Tefi3epoB» BO MHOTOM
o6ycaosaeH TeM, uto MTLL « CKAHOKC» u GeoEye Foundation
HAIIIAU BO3MOSKHOCTDb TIPEAOCTABUTh CO3AATEASIM IIPOEKTa AaH-
Hele A33, HEOOXOAUMBIC AAS €TO Pa3BUTHSL, OE3BO3ME3AHO,
B BUAC TPaHTA, CIIOHCOPCKOM TIOMOIIM. [loab3ysich caydaem,
XOTeAOCH OBI BLIPA3UTD UM 3a 3TO TAYOOKYIO IIPH3HATCABHOCTD.

Buptyaabnas 3D-MoaeAb TeppUTOPUM, KOTOPAs TIOHAYAAY
BOCIIPUHMMAAACh KAK UIPYIIKa, BCE Jallle CTAHOBUTCSL OAHUM
13 OCHOBHBIX 3AeMEHTOB MH(MOPMAIIMOHHON CUCTeMBI, 3 deK-
TMBHBIM CPEACTBOM OPraHM3allui TIOAb30BATEALCKOTO MHTEP-
chetica. DTy TeHAECHLINIO TIPEKPACHO MAAIOCTPUPYIOT IIPUMEPBL
IIPOCKTOB B 00AACTU «BUPTYAABHOTO HACACAUIS».
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copyright holders, data owners. The success of “Virtual Valley
of Geysers” project is based to great extent on the fact that
ScanEx RDC and GeoEye Foundation found a possibility
to provide free ERS data required for the project as a grant,
sponsor support. On this occasion we would like to express
our gratitude to them for help.

Virtual 3D model of territory which initially was treated
as a toy become more often one of the main elements of
information system, an efficient tool for organization of user
interface. Virtual heritage projects are a vivid example of this
tendency.
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