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Abstract. In the article the important role of Digital Elevation Models for Unmanned Aerial Vehicle collision
avoidance and flight planning have been discussed. The web sources of Digital Elevation Models with their descriptions
and data transformation procedure for the further processing were represented. The principle of the collision
avoidance using Digital Elevation Model has been represented. An obstacle overfly in the vertical plane was shown.
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1. Introduction

The usage of Unmanned Aerial Vehicles (UAVS)
has been increasing rapidly. Their usage has been
characterized as the next great step forward in the
evolution of civil aviation. Compared with their
manned counterparts, the UAVs have the advantages
of small weight and space-occupancy, low cost, good
concealment, excellent robustness and flexibility thus
are excellent in executing the dull, dirty or danger tasks.

Such aircraft are capable to plan their own
trajectory in the transition between desired locations
and it can also avoid any obstacles in their path.

2. Literature overview

A lot of scientific researches were devoted to the
development of the reliable UAV’s collision
avoidance method (Gardiner, Waseem 2011; Loe
2007; Han, Bang 2004; Liao 2012; Kharchenko,
Kuzmenko 2012). But all of these methods have the
lack of information about obstacle and represent it as
a geometrical shape. None of these methods can
provide the precise form and position of an obstacle
that is not convenient for use in real life.

Thus, from the literature overview it is obvious
that it is necessary to develop more reliable UAV
collision avoidance method that will include exact
data of the surrounding environment.

The usage of Digital Elevation Models (DEM),
Digital Terrain Models (DTM) and Digital Surface
Models (DSM) is one of the possible ways to
provide information awareness that is a key element
in the safety of aviation.

The purpose of the article is analysis of existing
DEM web sources and development of the UAV
geometrical collision avoidance method in the
vertical plane using DEM.

3. Digital Elevation Model

A Digital Elevation Model is a digital model or 3D
representation of a terrain's surface commonly for
Earth, moon, or asteroid created from terrain
elevation data.

The term digital surface model represents the
earth's surface and includes all objects on it.

In contrast to a DSM, the digital terrain model
represents the bare ground surface without any
objects like plants and buildings.

The term DEM is often used as a generic term
for DSMs and DTMs, only representing height
information without any further definition about the
surface.

The DEM could be acquired through techniques
such as:

— LIDAR;

— Stereo photogrammetry from aerial surveys;

— Block adjustment from optical satellite imagery;

— Interferometry from radar data;

— Real Time Kinematic Global Positioning
Systems;

— Topographic maps;

— Doppler radar;

— Focus variation;

— Inertial surveys;

— Surveying and mapping drones.

The uses of DEMs include:

— Extracting terrain parameters;

— Creation of relief maps;

— Rendering of 3D visualizations;

— 3D flight planning;

— Creation of physical models;

— Geographic Information Systems (GIS);

— Engineering and infrastructure design;

— Global Positioning Systems;
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Line-of-sight analysis;
Base mapping;

— Flight simulation;

— Surface analysis.

4. Digital Elevation Model data sources

The web sources of DEM data are the following:

1. NASA Reverb (http://reverb.echo.nasa.gov/
reverb/). Search the entire ASTER data archive. The
following products are available to all users at no
cost: ASTER L1B data over the U.S. and territories,
the ASTER Global Digital Elevation Model
(GDEM), and the North American ASTER Land
Surface Emissivity Database (NAALSED).

2. GDS IMS (http://ims.aster.ersdac.jspace
systems.or.jp/ims/html/).  Search the entire
ASTER data archive. All billable orders for
ASTER data must be placed using the GDS IMS
system.

3. Earth Explorer (http://earthexplorer.usgs.gov/).
Free ASTER data for all users: ASTER L1B data
over the U.S. and territories, the ASTER GDEM,
and NAALSED products.

4. GloVis (http://glovis.usgs.gov/). Search the
entire ASTER data archive using a browse-based
map interface. The following products are available
to all users at no cost: ASTER L1B data (day and
night) over the U.S. and territories.

5. GDEx (http://gdex.cr.usgs.gov/gdex/) Free
ASTER GDEM data for all users. User-friendly
geographic interface.

6. Data Pool (https://Ipdaac.usgs.gov/get_data/
data_pool). Free ASTER L1B data over the U.S.
and territories for all users.

7. Shuttle Radar Topography Mission (SRTM)
(http://dds.cr.usgs.gov/srtm/version2_1/SRTM3).
Free SRTM data.

8. Bluesky
LiDAR 1m DSM.

The data bases are generally in one of the
following different resolutions:

— 30-meter data: point elevation values on a
30-meter grid;

— 1-second: point elevation values on a
1-second (approximately 30-33 m) grid;

— 3-second: point elevation values on a
3-second (approximately 90-100 m) grid;

— 30-second point elevations:- point elevation
values on a 30-second (approximately 1 km) grid,;

— 30-second averaged elevations: averaged
elevation values on a 30-second (approximately
1 km) grid.

(http://www.bluesky-world.com/).

5. Digital Elevation Model file extension

Data can be obtained with file extension .xyz, .las,
.hgt. These types of file extension can be converted
to the .txt file with the help of different converting
programs such as LASUTtility and VTBuilder.

Obtained data involve 3 columns and denote x,
y and z data in meters in the local coordinate
system that can be easily used for the further
processing.

6. Collision Avoidance Guidance

The task of UAV missions is based on the input of
initial position, coordinates of the destination and
obligatory flight .points as a set of latitude, longitude
and elevation data.

Further, the appropriate DEM for the desired
flight region should be obtained. The initial flight
plan data should be also converted to the local
coordinate system of DEM format.

Collision avoidance method is based on the
conflict detection that is shown in Fig. 1.
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Fig. 1. Cell conflict detection with initial flight
plan trajectory

Using cell coordinates of DEM it is possible to
determine the intersection of trajectory line with
each cell side.

Then, to determine the point of flight plan and
surrounding obstacle intersection, the algorithm of
the method determines the intersection of
rectangular which tops are located at the cell
coordinates and trajectory line. This step is applied
to all the cells that are involved at the flight
plan.

If the point of intersection exists and the conflict
is determined, the points of obstacle overfly are
added to the initial flight plan as it is shown in
Fig. 2.
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Fig. 2. Obstacle overfly using extended flight

plan:

AD - the initial flight trajectory;

KON — obstacle;

K, N — starting and ending points of trajectory and
obstacle intersection;

O — maximum obstacle height;

K’, N’ — starting and ending points of trajectory and
obstacle intersection elevated to the maximum obstacle
height;

B, C — starting and ending points of trajectory and obstacle
intersection elevated to the maximum obstacle height with
minimum safe altitude Rmin;

E, F — critical points for overfly performance that take into
account UAV velocity and heading

The possible values of UAV velocity and
heading are in the boundaries:

Vinin <V <Vipax:

min =
Wmin <V < Wmax -

where V, ¥ are UAV velocity and heading.

In order to increase flight safety, it is necessary to
chose points A (initial point of the flight plan final
part) and D for beginning and finishing an overfly
performance.

In such a way overfly points B and C are added
to the extended flight plan that can be easily
calculated using UAV technical characteristic.

Extended flight plan data can be used for UAV’s
flight performance.

There are a lot of different models of UAV
movement. Each of them is used for the particular
tasks connected with UAV trajectory simulation.
Besides, the choice of the model depends on the
UAYV type and its dynamic peculiarities.

For the simulation of UAV movement the
simplified model that takes into account wind
influence can be used. It is described by the
following navigation formulae (Chawla, Padhi 2011):

X; =U cosOcosy +V (sin ¢§in 6cosy —cosdsin ) +
+W (cosésin ecbsq; +sin ¢siny);

yi =U cosOsin y +V (sin ¢§in Osin y +cos¢cosy) +
+W (cos¢sin esih W —sin¢cosy) ;

h; =U sin 0V sin $cos6 —W cos$pcoso,

where U, V, W — velocity components.
Speed parameters can be defined by total UAV
speed as:

U =V; cosacosp;
V =Vrsing;
W =V; sinacosp,

where V; — UAV speed,

o — angle of attack;

[3 — side slip angle.

Influence of forces on UAV is described by
following differential equations (Singh, Padhi 2009):

U=RV-QW —gsin0+ X, + X;;
V =RW —RU +gsin $cos0+Y,;
W =QU —PV +gcos$pcosd+Z,,

where P, Q, R — roll, pitch and yaw rates
respectively about the body axis;

Xa» Ya Za — the aerodynamic forces per unit
mass;

X; — the force per unit mass in direction X due to
thrust.

Equations of rotation moments are represented by
the formulae:

P=c,RQ+c,PQ+c,L, +¢,N,;
Q=c,PR+c,(P?=R%)+c, (M, +M,);
R=c,PQ-c,RQ+c,L, +C,N,,

where L, M,, N, — the aerodynamic moments about
the body axis;

M, — the moment around the Y axis caused by
thrust offset from the center of gravity of the UAV;

C1-Co — inertia coefficients.

Kinematic equations of UAV movement are the
following:

¢ = P+Qsin ¢tand+Rcosdtane;
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6=Qcosp—Rsing;

v = Qsin ¢psecO+ Rcospsech ;

h=U sin0—V sin $cos0 —W cos$pcoso
where ¢ , 0, v — euler angles;

h — the height above ground.
7. Results of modeling

UAV
plane

The modeling of developed geometrical
collision avoidance method in the vertical
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using DEM is represented in Fig. 3. Modeling was
performed in Matlab software for British region.

8. Conclusions

Collision avoidance methods have a lot of
drawbacks connected with precise 3D obstacle
determination. The developed geometrical UAV
collision avoidance method allows obtaining an
accurate data of surrounding environment and
avoiding collision due to obstacle overfly in the
vertical plane.

Fig. 3. Representation of collision avoidance method using DEM
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B.IL Xapqemcol, H.C. Ky3bMeHK02. YcyHeHHs 3iTKHeHb 0€e3MiJIOTHHUX JITATBHUX ANAPATiB i3 BUKOPHUCTAHHAM

uuppoBoi Moae1i MicueBOCTi

HamionanbHuit aBiariiiauil yHiBepcutet, npocrektT Kocmonasra Komaposa, 1, Kuis, Ykpaina, 03680

E-mails: kharch@nau.edu.ua, 2nataliakuzmenko3107@yandex.ru
PosrnsHyTO OIHY 3 HAMOIIBII BAXKIIMBHUX MPOOIeM Oe3MeKH MOIBOTIB — 3am00iraHHs 3ITKHEHHS Oe3IMITOTHHUX JIITATBHIX
amapariB i3 MepelKoJaMH. YCTAaHOBJEGHO pOJIb LU(PPOBHX MoJeield MiICHEeBOCTI MiJ Yac YCYHEHHs 3iTKHEHb
0Ee3MIOTHUX JITANBHUX anapariB Ta IUIaHyBaHHs MOJbOTY. HaBeseHo icHyIoui iHTEpHET-pecypcu HUQPOBUX MOAENeH
MICIIEBOCTI, X OIHUC Ta HpPOLEAYPY HIArOTOBKM NaHUX /0 BUKOPHCTAaHHS. 3alpollOHOBAHO T'€OMETPUYHUH METO[
YCYHCHHS 3ITKHEHb OC3MUIOTHUX JIITAJILHUX allapaTiB Y BEPTUKAJIbHIN IUIONIMHI 3 BUKOPUCTAHHSAM MUGMPOBUX MOJCIEH
MICIIEBOCTi, B OCHOBY PO3POOKH SKOTO TIOKJIAIEHO BHUSABICHHS KOH(MIIKTY, OOMNIT MEpemKoau 3 ypaxyBaHHIM
PO3IINPEHOTrO TUIAHY IMOJBOTY, MIHIMaNbHI Ta MaKCHMaJbHI JOIMyCTUMi 3HAYSHHS MIBHAKOCTI Ta KyTa 3MIiHH KypCy
0C3MIOTHUX JIITATBHUX amapaTiB. KoMIT IoTepHE MOJEIIIOBaHHS BUKOHAHO 3a JIOTIOMOTOIO MPOTPaMHOTO 3a0e3NeUeHHS
Matlab i3 BuKOpHCTaHHSIM pealqbHHX TaHWX UGPOBUX Mojenelt MmicieBocti. I[IpoaHani3oBaHO —pe3yIbTATH
MOJICITIOBAHHS 3 TPAEKTOPI€I0 pyXy OE3MITOTHUX JITAaJbHUX allapaTiB Iy TIEBHOI MiCIICBOCTI.
Karouosi cioBa: GesninotHuii nitansHuil anapar, JIIJIAP, nepemikona, miaHyBaHHS TOJILOTY, YCYHEHHS 31TKHEHB,
u(ppoBa MOIEIb MICIICBOCTI.

B.II. Xapqemcol, H.C. Ky3bMeHK02. YcrpaHenue CTOJIKHOBEHHIT 0eCNMIOTHBIX JIETATEAbHBIX aNlapaToB ¢

HCMOJIb30BaHUeM M (POBOii MOIeJIM MECTHOCTH

HanmonanbHbIM aBUaliMOHHBINA yHUBEpCHUTET, pocnekT Kocmonasta Komapoga, 1, Kues, Ykpauna, 03680

E-mails: *kharch@nau.edu.ua, “nataliakuzmenko3107@yandex.ru
PaccmoTrpena ogra w3 Hambollee BaXKHBIX TPOOIEM OE30MACHOCTH IIOJIETOB — MPEHOTBpAIICHHE CTOIKHOBCHHM
OCCITUIIOTHBIX JICTATCIBHBIX AMMapaToB C MPEMATCTBHAMHU. Y CTAHOBJCHA POJIb IU(PPOBBIX MOJENICH MECTHOCTH MPHU
YCTpAaHEHUH CTOJKHOBEHHWH OECHUIOTHBIX JIeTaTeJbHBIX AalnaparoB M IUIAHUPOBaHWM TmonieTa. [IpuBeneHbI
CYIIECTBYIOIINE HHTEPHET-PECYPChI IUPPOBBIX MOJIEICH MECTHOCTH, X OMHCAHUE U MPOIIeypa MOATOTOBKH JaHHBIX K
UCTONB30BaHui0. [Ipe/yiockeH TEOMETPHUYCCKUII METOA YCTPAHCHHs CTOJKHOBCHHUH OCCIHMIOTHBIX JICTATCIbHBIX
amnmapaToB B BEPTHUKAIBHOM INIOCKOCTH C WCIOJNB30BaHHEM HU(MPOBBIX MOJENCH MECTHOCTH, B OCHOBY pa3padOTKH
KOTOPOTO TIOJIOKCHBI BBISBICHHE KOH(QIUKTA, OOJET NPEmsATCTBUS C YYETOM pACHIMPEHHOTO IUIaHa IIOJIeTa,
MUHUMAaJbHbIE M MaKCUMalbHBIC JOIyCTUMBIE 3HAYCHUS CKOPOCTH M YIWIa HM3MEHEHHUs Kypca OCCIMIOTHBIX
JIETaTeNFHBIX amNmapaToB. KOMITBIOTEpHOE MOJAEIMPOBAHUE BHIOJHEHO C IMOMOIIBI0 IPOTPaMMHOTO OOeCTICUCHHS
Matlab ¢ wucrnonb3oBaHueM peanbHBIX JaHHBIX HUPPOBBIX MOjeIeid MECTHOCTH. [IpoaHanM3upOBaHbI PE3YJbTATHI
MOJICTTUPOBAHUS C TPAEKTOPUEH JABMKEHUsI OECTIHIIOTHBIX JIETATEIbHBIX alapaToB JIJIsl ONPeIeIeHHON MECTHOCTH.
KoaroueBble ciioBa: OecrnniioTHbIN Jeratenbhblil annapat, JIMJIAP, nianupoBanue moseTa, NpernsTCTBUE, YyCTPAaHEHHE
CTOJIKHOBEHUH, U(PpOBasi MOJIEb MECTHOCTH.
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