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USING SIMPLIFIED GEOMETRY FOR CONCRETE SITES
OF 3D-LANDSCAPE DETALIZATION

Abstract. Description of approach for selecting the level of detailing for sites of 3D-landscape by analyzing the
scene and selecting the desired level of detailing for the tile, allowing to keep the information content and increase the
performance of the CPU and GPU. The principles of conservation the resolution of texture for tile that prevents blur or
sharpen of theimage are given.
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HNPUMEHEHUE YIIPOIIEHHON T'EOMETPUM I JETAJIA3ALIMA KOHKPETHBIX
YYACTKOB 3D-JAHAIIA®PTA

Annomayusn. Ilpeonodicen nooxoo k 6v100py yposHs oemanuzayuu 01 yuacmkos 3D-1anowagma 3a cuem ana-
JU3A CYEHbL U BbIOOPA YPOSHEl demanu3ayuu maiiog, Ymo no3gosen COXPAHUmMb UHGOPMAMUSHOCHb U HOBLICUMD
NPOU360OUMENLHOCb npoyeccopa u eudeokapmul. ONUcanvl NPUHYUNbI COXPAHEHUs. PA3pewerus meKkcmypsvl maid,
umo npedomepaujaem pasmvlimue Ui U3OLIMOUYHYIO PE3KOCTb U300PANHCEHUS.

Knrwouegwle cnosa. maiin, depeso maiinos, ypoguu demanuzayuu, mexcmypupoganue, cepsep OSM, ananruzamop
Ooemanuzayuu, Macuimad peHopuHea, NepCnekmusHas NPOeKyus, Kamepa, NUKCeb
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3ACTOCYBAHHS CITPOIIEHOI TEOMETPII JIJISI IETAJII3AILIIL KOHKPETHUX
JUJIAHOK 3D-JAHAIIA®TY

Anomauin.3anpononosano nioxio 0o eubopy pisus demanizayii oas dinanox 3D-ranowagmy, 3a paxynox ananizy
cyenu i eubopy pienie demanizayii maiinie, wo 003601i€ 30epeemu IHOOPMAMUBHICMb MA NIOBUUUMU NPOOYKIMUE-
Hicmb npoyecopa i gideokapmu. Onucani NpUHYUNU 30epedcentss OPULiHAIbHO20 PO3MIpY MeKCmypu maiia, wo 3ano-
bicae pozmummro abo 3ati8oi pisKOcmi 300paAHCeHHS.

Kniouoei cnosa:. maiin, depeso mauinis, pieni demanizayii, mexcmypyeanns, cepeep OSM, ananizamop demanisa-
yii, macumab penopinea, nepcneKmueHa npoeKyis, Kamepa, nikcensb

Introduction of detail (LOD) for current tiles. The tasks of an-

Traditional approaches for generation of alyzer of detail include analysis of the location of
3D-maps lead to a significant increase in the the camera, choice of the LOD for each plot of
load on the graphics processor, which leads to terrain. Decision making should be of high qual-
development of methods to improve the per- ity and fast to prevent blur of the texture of tile.
formance of the GPU or search for aternative Blurring occurs when the resolution of the tex-
approaches to reduce the load by reducing the ture on the screen does not correspond to resolu-
calculations. It is necessary to apply asimplified tion of the original. The elimination of this blur
geometry to reduce the load on the GPU and of texture should be attributed to the problem of
CPU when drawing objects of 3D-map [1]. analyzer of detail for the current scene.

Usually landscape has several levels of de- Therefore, the aim is to improve analyzer of
tall and is divided into sections called tiles. It detail of the scene.
should be noted that each subsequent tile ispar- To choose the appropriate LOD is necessary
titioned into four parts (also tiles), etc. Thenthe that analyzer of detail takes into account that
initial tile of landscape can be detailed by four plots of the landscape (tiles) depending on the

subsequent “descendants’, Fig. 1 [1]. location of the camera (observer) should have a

The use of smplified geometry is possible different LOD: closer plots should use tiles with

after analyzing the scene and selecting the level high detail, and remote should use tiles with low
detail Fig.1.
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Fig. 1. Representation of the quadtree for tiles:
LO—initial LOD (low, with onetile);

L1 —thefirst LOD (with detail above the previ-
ous level, with four tiles); L2 —the second LOD
(with detail above the previous level, with six-
teentiles)

Partition of the landscape contributes to the
creation of the tree of tiles (quadtree) and the
formation of geometry of tiles with different
levels of detail for the entire surface with other
objects of the world usualy in the database
Fig.2.
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Fig. 2. Relational model of database

In this case the remote parts of the land-
scape occupy fewer pixels on the screen than
the closer areas to the observer; it helps reduce
detail without degrading the image quality and
improve the performance of GPU and CPU. Al-
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gorithm for selecting the desired detail for tiles
analyzes the number of points occupied by tile
on the screen, Fig. 3.

To determine the number of pixels H,
which tile takes on the screen necessary to count
the unit of scale of rendering (drawing)

d =WHeight /(2/0-tg(fogy/ 2.0)),

where WHeight — the number of pixels on
monitor in the vertical.
From the similarity of triangles, Fig. 3, the

sides areintheratio
d _H
dist h

hence the number of pixelsH isequal to
H=h*d/dist.

Knowing the number of pixels on the
screen and the resolution of the texture, which is
received from the server (eg., server “Open-
streetmap” (OSM) with a resolution of 256x256
pixels) must harmonize the texture resolution of
the original with number of pixels H, in order
to prevent degrading the image quality on the
screen (e.g., blurring or sharpen). To avoid a
degrading the image quality on the screen
should be set the conditions for transition to an-
other LOD. For example, for tile from server of
OSM, which has resolution equal 256x256 pix-
els, conditions of transitions are satisfied for

min = 256 - 256/2 = 128,
max = 256 +256 / 2 = 384.

Algorithm of analyzer of the detail is shown
in Fig. 4 and the result of work Fig. 5.

For example, for texturing of terrain should
request information from the server about of tex-
tures. To do this, you should know the identifier
of tile in OSM, which is formed as
http://[ abc] .tile.openstreetmap.or g/zoonyx/y.png,
where: a, b, ¢ —subdomain of server, zoom — the
LOD in arange from O to 18; x, y —an identi-
fier of tile in OSM; the obtained image will be
in format PNG with resolution of 256 x 256
pixels.

|dentification of the tiles on the map OSM
performed in accordance with the forms shown
inFig. 6and 7.
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Fig. 3. Thetile of landscape in perspective projection:
fovy —field of view of the observer; H —tile size in pixels on the screen; h—tile size in relative
units 3D-Api; dist —the distance from the observer (camera) to the tile; d — unit of the scale
rendering (drawing) on the screen
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Fig. 4. Algorithm of analyzer of the detail
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Fig. 5. Visualization of landscape with different LOD without texturing
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Fig. 6. Identification of the tiles on the quadtree of the landscape:
a— OSM-formation; b — formation, which is proposed to use
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Fig. 7. Example of identification of the tiles on the quadtree:

a— fragments are defined by the formula (Fig. 6 b); b — fragments are defined by
zoom/ x/y; X, y—according to the formula (Fig. 6 a), zoom —the LOD
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Conclusions

Thus, these calculations allow us to im-
prove the operation of the analyzer of detail by
matching the number of pixels of the original
texture of tile which is coming from the map
server that makes extensive use of the simplified
geometry in remote areas of the image. In addi-
tion, the flexibility of the algorithm allow to
minimize the transition to another resolution of
texture of the server and appears universality
conditions for transition to neighboring levels,
which improves performance video card and
processor.

References

1. Snook G. Real-Time 3D Terrain Engines
Using C++ and DirectX 9, (2003), Charles Riv-
er Media, Hingham, 374 p. (In English).

2. Nitschke B. Professional XNA Pro-
gramming, (2008), Wiley Publishing, Indianapo-
lis, 329 p. (In English).

3. Polack T. Focus on 3D Terrain Pro-
gramming, (2002), Course Technology PTR,
Cincinnati, 232 p. (In English).

4. Cozzi P., and Ring K. 3D Engine Design
for Virtual Globes, (2011), A K Peters/CRC
Press, Cincinnati, 520 p. (In English).

5. Zerbst S. 3D Game Engine Program-
ming, (2004), Course Technology PTR, Cincin-
nati, 896 p. (In English).

6. Stephen M., and Hope H. Landscape
Modeling: Digital Techniques for Landscape
Visualization, (2001), McGraw-Hill Professio-
nal Publishing, Bernburg, 352p. (In English).

Fig. 8. Texturing of landscape

- -

with different levels of detail

7. Jackson D., and Simpson R. Deity digital
earth: Virtual Nations: Data Cities, (2012),
Newtown, N.SW.: DCity Pty Ltd, Newtown, 382
p. (In Engligh).

8.lan D. Visualization in Landscape and
Environmental Planning: Technology and Ap-
plications, (2005), Taylor and Francis, Boston,
320p. (InEnglish).

9.James L., and Mark S. Digital Land: In-
tegrating Technology into the Land Planning
Process, (2007), Wiley Publishing, Inc-
Indianapolis, 240 p. (In English).

10. Cantrell B. Modeling the Environment:
Techniques and Tools for the 3D Illustration of
Dynamic Landscapes, (2012), Wiley Publishing,
Inc, Indianapolis, 288 p. (In English).

Received 10.04.2014

Malafeev Evgenii,

M.Sc, Department of Com-
puter Systems of Odessa Na-
tional Polytechnic University,
Ukraine

E-mail: jikero@mail.ru

Sytnikov Valery

Stepanovich, Doctor of Tech-
nical Sciences, professor,
Head of the Department of
Computer Systems of Odessa
National Polytechnic Univer-
sity,

tel: +38-048-705-85-61.
E-mail: sitnvs@mail.ru

86


http://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=Mark+S.+Lindhult&search-alias=books&text=Mark+S.+Lindhult&sort=relevancerank

