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CONSTRUCTION OF A ONE-DIMENSIONAL GRAPH OF THE TERRAIN BY
WIND DIRECTION

T.Zh. Mazakov'?*, A.T. Mazakova?, Sh.A. Jomartova?, G.Z. Ziyatbekoval?, A.A. SametovaZ, A.D.
Burgegulov!?

'RSE Institute of Information and Computational Technologies MSHE RK CS,
Almaty, Kazakhstan,
2 Al-Farabi Kazakh National University, Almaty, Kazakhstan,
e-mail: dizel_kz@bk.ru

Three-dimensional surfaces are important objects for the study of modern geographic information systems.
Currently, the number of works on this topic is growing rapidly due to the introduction of information systems.
They present mathematical models of three-dimensional images. Many scientific studies are devoted to the
problem of synthesis of realistic images, as well as the construction of surface models based on Delaunay triangulation.
The Delaunay triangulation problem is one of the basic ones in computational geometry. Many other problems are
reduced to it, it is widely used in computer graphics and geographic information systems for modeling surfaces
and solving spatial problems. As practice shows, the choice of structure to represent triangulation has a significant
impact on the theoretical complexity of algorithms, as well as on the speed of a particular implementation.
In addition, the choice of structure may depend on the purpose of further use of triangulation. To bring the
terrain model closer to the real one, additional elements are introduced into it, which ensure that its linear and
area structural elements are considered and displayed. In this regard, there is a need to develop and study a
mathematical model of terrain display, considering its illumination by applying a linear density. This paper is
devoted to solving these problems. The software for the computer is designed to build a one-dimensional graph
of the terrain along the wind direction based on the original terrain elevation matrix. The program is included in
the hardware-software complex «monitoring of the fire safety systems».

Keywords: hardware and software package, terrain, automated system, fire safety.
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TpéxmMepHble TIOBEPXHOCTH SIBIISIIOTCSI BAXKHBIMU OOBEKTaMH JJIs1 U3YUYEHUs] COBPEMEHHBIX I'eOMH(OPMAIIMOH-
HBIX cucTeM. B HacTosiiiee BpeMsi KOJIMYECTBO paboT MO STOM TeMe OBICTPO pacTET B CBSI3M C BHEAPEHHEM HH-
(popmarmoHHBIX crcteM. B HUX mpeacTaBIeHBl MaTeMaTHYecKue MOAENN TPEXMEPHBIX M300pakeHnil. MHorue
Hay4Hble WCCIIEJOBaHMUs MOCBSIIEHB po0iieMe CHHTe3a PEeaIMCTHYECKUX M300paKeHHUH, a TaKke HOCTPOSHHUIO
Mojiesiel TOBEPXHOCTH Ha OCHOBE TpUaHTy/siiuu [lenone. 3aiada OCTPOEHHS TPUAHTYIIALUK lenoHe sABJIseTcs
OZIHOH M3 6a30BBIX B BBIUMCIIUTEBHBIX reoMeTpur. K Hell CBOAsITCS MHOTHE APYrue 3a/1auk, OHA NIMPOKO UCIOb-
3yeTcsi B MaIIMHHOM rpacuke 1 reonH(pOpMAaIIMOHHBIX CUCTEMax JUIsi MOJIEJIMPOBaHM s TIOBEPXHOCTEN 1 peleH s
IIPOCTPAHCTBEHHBIX 3a/a4. Kak Mokas3pIBaeT MpakTHKa, BHIOOP CTPYKTYPHI VIS TPE/ICTABIICHHUS TPHAHTYJISIIN OKa-
3bIBACT CYIIECTBEHHOE BIMSHIE HA TEOPETHUYECKYIO TPYAOEMKOCTh AITOPUTMOB, & TAKXKE Ha CKOPOCTh KOHKPETHOH
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peamuzany. Kpome Toro, BEIOOpP CTPYKTYphl MOKET 3aBHCETh OT LEJN JaJbHEHNIIEro MCIOIb30BAaHM S TPUAHT YIS
1y 1t mpuOkeHnst Mofenu peiibepa K peabHOi B He€ BHEAPSIOTCS JIOMOIHUTEIbHBIE JIEMEHTbI, oOecre-
YUBAIOIIKE YYET M OTOOpakeHNe e€ JTMHEeHHBIX U IUIOIAJHbIX CTPYKTYPHBIX JIEMEHTOB. B CBA3M ¢ 9TUM BO3HH-
KaeT HeoOXOOUMOCTb Pa3pabOTKU U UCCIIEI0BAHUS MaTeMaTHYECKON MOJIENU OTOOPaKeHUsI MECTHOCTHU C y4ETOM
e€ OCBEIEHHOCTU MyTEM NPUMEHEeHHs! JIMHEHHOH IIOTHOCTH. PerieHuio aTix 3a1a4 MocBsiieHa JaHHast padoTa.
ITporpammHuoe obecrieyenne a1t DBM npeaHasHavueHo JUIsl IOCTPOESHHS OTHOMEPHOTO rpacdyka pesbeda MecT-
HOCTH TIO HAITPaBJIEHHIO BETPa Ha OCHOBE MICXOJHOM MaTpPHIIBI BEICOT pesibecha MecTHOCTH. [IporpamMma BKIoueHa
B coctaB komruiekca [TAK «MOHUTOPHHT cHCTEMBbI OOeCTIeueH s TPOTHBOINOKAPHON Oe30MacHOCTH .

KiroueBbie cJIoBa: porpaMMHO-aMIaPaTHbBIN KOMIUIEKC, pelibep MECTHOCTH, aBTOMATH3MPOBAHHAS CHCTEMA,
HoKapHast 6e30IMacHOCTb.
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Y emmremai GeTtep Kazipri reoaknaparThK, sKyHenepi 3epTTey YIIiH MaHBI3/Ib HbICaHap OOJBIN TaObLIa-
apl. Kasipri yakpITTa aknaparThiK KyHelep/i eHrisyre GaiIaHbICThl OChI TAKBIPHIT OOMBIHIIA XK YMBICTAP CAHbI TE3
ecyzie. Onap yI esmemMi KecKiHAepIiH MaTeMaTUKAaJIbIK, MOJEbIepiH YChHAAbL. KemnTerex FoiIbMu 3epTTeyiep
PEATUCTIK KECKiHAEP/i CHHTE3/Iey MacesieciHe, COHIai-aK JIeJIoH TpUaHTyJISIMSIChIHA HEeTi3/Ie/IreH OSTTiK MOJEIb-
Jepii Kypyra OarbITTasiraH. [IeioH TpHaHTy/ISLIACHH KY Py MiHIETi ecenTey IeOMeTpUsIChIHIAFb Heri3nepaiH 6ipi
607111 TabblTaAB. OFaH KenTereH 6acka MiHIETTep Kipeli, 01 MAIIMHAJIBIK rpadrKaja )KoHe reoaknapaTThK K-
enepre GeTTepai MoIesbey KoHe KeHICTIKTIK ecenTepi Miely YIiH KeHiHeH KonaaHbuiaasl. Toxipube kepcer-
KEHJIEH, TPHAHTYJISILIUSAHbI OUTAIPETiH KYPhUIBIM/IBI TAHAAY AJITOPUTMIEPAIH TEOPUSUIBIK, KY pAEIIiIiriHe, COHIan-aK
HAKTBI iCKe achIpy KbUIIAMIIBIFbIHA aliTapiblKTal ocep erefi. COHbIMEH KaTap, KYpPbUIBIMIIBI TaHIQy TPUAHTYJIS-
LIMSIHBI OJIaH 9pi KOJIJIaHy MaKcaTbiHa GaiiaHbICThl O0IYBl MYMKiH. Pesibed MonenniH HaKThl MoJiesIbre JKaKbIHAATY
YIIiH OHBIH CHI3BIKTHIK, )K9HE ayMaKTHIK, KYPBUIBIMABIK 3JIEMEHTTEPIH ECelKe aTy/bl )KoHe KOpceTylli KaMTamMachl3
eTeTiH KOCHIMINIA 3MIeMeHTTep eHri3inesi. OcbiraH OalIaHBICTBI CBI3BIKTBIK THIFBI3ABIKTE KOJIIAHY apKbLIbl OHBIH
JKapBIKTAaHIBIPBUTYBIH €CKepe OTBHIPBIN perbeTi KapTara TYCipydiH MaTeMaTUKAIBIK, MOIETIH 93ipiey KoHe 3epT-
Tey KaKeTTUIr TyblHIaiapl. Byl skyMBIC OCBl Macenenepi merryre apHairad. Kommploteprepre apHairaH Oar-
JapiaMaibIK, Jkacaktama kep OefiepiHiH OWiKTiKTepiHiH OacTallKbl MaTPUIIAChl HETi3iHe kel OarbiThl OOMBIHINA
xkep OezepiHiH Oip esmemai rpadurin Kypyra apHaiFaH. barnapinama «epTke Kapchl Kayirci3ikTi KaMTamachi3
€Ty KYWeCiHiH MOHUTOPHHTI» OaFJapiaMalIbIK -allapaTThIK, KeIIeHiHiH Ky paMbIHa €HTi31IreH.

Ty#fingi ce3aep: nporpamMMalbiK-anmnaparThiK KelleH, xep Oefiepi, aBTOMATTAHABIPbUFAH XYIie, OpT Kayil-
ci3/iri.

Introduction. With the development of satellite
technology, geoinformatics is becoming more and more
widespread. Important objects of modern GIS research
are three-dimensional surfaces. In recent years, the

triangulation [7-11].

In this regard, there is a need to develop and
investigate a mathematical model of terrain mapping,
taking into account its density of lines. Applying

number of works on this topic has grown rapidly due
to the deployment of information systems. Works [1-
2] present mathematical models of three-dimensional
images. Dissertations [3-6] are devoted to the problem
of synthesizing realistic images. A number of works are
devoted to building surface models based on Delaunay

methods of interpolation of two-dimensional function
allows to obtain smoother surface views. In [12]
a program for interpolation of a two-dimensional
function was developed.

Currently, in connection with the intensive




development of remote sensing of the Earth and other
planets, much attention is paid to the detection and
analysis by space imaging materials of ring structures.
The study of ring structures is of great importance in
the search for new mineral deposits.

Materials and methods. Input and output data are
organized as separate files and contain information of
one of the following types:

e parameter data;
* initial regular terrain elevation matrix;

¢ result vector of terrain cross-section values in the wind
direction.

Results and discussion. To represent the surface
topography, there is a data display model in a
certain format. The format supports a relatively simple
description of an object as a regular list of points in the
terrain elevation. The files are arranged in the form of a
header, which defines the number of rows and columns
of the original matrix and the following list of elements
themselves. Elements - terrain elevation in the regular
surface grid.

In the ASCII version of the format each vertex is
described by one number (z-coordinate).

In case of insufficient number of rows and columns
or unsmoothness of the original surface, the authors
have developed a program of cubic interpolation, which
calculates a new regular DEM with large DEM size
from the original regular DEM [12].

The algorithm for constructing a cross-section of
the terrain surface is based on the interpolation of the
surface elevation matrix. In it, uniformly distributed
points in three-dimensional space are interpolated by
a continuous function of two independent variables. To
build the DEM cross section graph the following steps
are performed: formation of reference nodes in wind
direction (azimuth), calculation of interpolation value
in these nodes.

In the result file Grafl.txt the elements of the
calculated section of the DEM are written sequentially.

Numerical solution of problems with specific initial
data

When you access the mRelfVet program, the
following head module form is displayed (Figure 1).

A program for constructing a one-dimensional
terrain graph in the direction of the wind

‘ Calculation |

Al-Farabi KazNU
Faculty of Information Technology

Exit

Fig. 1 - The head form of the mRelfVet program

When you press the "Calculate" button, the algorithm
for constructing the section of surface topography
is performed, taking into account the following
parameters and suggestions:

1) The OX axis points east; the OY axis points north
(Figure 2);

2) Alfa - azimuth (angle between north and wind
direction) in degrees;

3) Points (X, Y,,), (X,,, Y},), (X, Y,) and (X, Y},)
define a rectangle bounding the study area.

4) Point (X, Y,) specifies the coordinates of the
wind direction and force sensor.
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Figure 3 shows graphically the Graf2.txt source file
for the mRelVet program using the Excel software tool.

%

As an example, the data on the Shunak crater (matrix SN | (X4eY1)
17*17) are used. } /
I
|
L/
B
yAER %
L1
Codn)  (Xe¥e)  (Xada) (XiYn)
Fig. 2 - Diagram of the location of the main points

05 m510 mwl10-15 w1520 m20-25 m25-30

Fig. 3 - Source file for the mRelf Vet program

The following Figures 4-7 graphically show the results of the mRelf Vet program at different values of the Alfa
angle.
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Fig. 4 - Sectional graph at Alfa=0 Fig. 5 - Sectional graph at Alfa = 30
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Fig. 6 - Sectional graph at Alfa = 45

The program developed will be widely used. In
particular, it is planned to develop a system for
monitoring and predicting the direction of fires on its
basis [13-14].

Conclusions. The article describes a program
for spatial display of surface topography, taking
into account its illumination on raster-type graphical
devices.

The presented work contains research and
development, which can be seen as a solution
to an urgent scientific problem, dedicated to the
development of monitoring technology for fire safety
system (terrain elevation matrix).

The main theoretical results of the work are as
follows:

30
25

20

0
I S N R I I N A N S

Fig. 7 - Sectional graph at Alfa = 90

1) Mathematical apparatus and theoretical
foundations of the new technology of automated
construction of a one-dimensional terrain relief graph
by wind direction on the basis of the original terrain
elevation matrix.

2) Mathematical model for taking into account
terrain illumination due to the density of lines.

3) algorithms and software modules that implement
the developed technology of automated fire safety
system.

The practical value of the work lies in the fact that
the developed technology and algorithms can solve the
problem of an automated system to ensure fire safety
from digital data. And can also be used in scientific
and practical research on wind direction based on the
original terrain elevation matrix.
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