INTERNATIONAL CIVIL AVIATION ORGANIZATION
NATIONAL ACADEMY OF SCIENCES OF UKRAINE
MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE
NATIONAL AVIATION UNIVERSITY

PROCEEDINGS

THE SIXTH WORLD CONGRESS
"AVIATION IN THE XXI-st CENTURY"

“Safety in Aviation
and Space Technologies”

September 23-25, 2014

Volume 2

KYIV 2014



SYMPOSIA
Volume 1

SYMPOSIUM 1. MODERN SPACE AND AVIATION TECHNOLOGIES
1.1. Latest technologies for maintaining aircraft airworthiness

1.2. Aerodynamics and flight safety

1.3. Fatigue and fracture of aircraft structures

1.4. Problems of recovery controllability of the aircrafts

1.5. Engines and Power Installations

1.6. Latest technologies for maintaining aircraft airworthiness

1.7. Methods and tools for technical and medical diagnostics

1.8. Automated process control systems

1.9. Specialized Computer Systems and CALS — Technology in Aviation
1.10. The intellectual robot-technical measuring complexes and systems
1.11. Information security in aviation

1.12. Computer systems

1.13. Advanced information technologies in aviation

1.14. Mathematical modeling and numerical methods

Volume 2
SYMPOSIUM 2. UNMANNED AIRCRAFT SYSTEMS (UAS)

SYMPOSIUM 3. AIR NAVIGATION AND ATM SYSTEMS
3.1 Air traffic management

3.2 Communication, navigation, surveillance

3.3 Aviation English and safety of flight

3.4 Avionics

3.5 Complex systems control

SYMPOSIUM 5. ENVIRONMENT PROTECTION
5.1. Chemical technology and engineering

5.2. Environmental protection

5.3. Land management, cadastre and land monitoring
5.4. Biotechnology in aviation

SYMPOSIUM 6. AVIATION CHEMMOTOLOGY

SYMPOSIUM 7. COMMUNICATION FACTOR IN MODERN
INTERNATIONAL RELATIONS

7.1. Information and legal principles of international relations

7.2. The transformation of journalism in the context of technologizing the world and the
processes of globalization

7.3. The international scientific and technical cooperation of Ukraine in aerospace
industry



Yu.V. Chynchenko, I.M. Kim, O.S. Samartseva, V.0. Vakhrina
EXPERIMENTAL RESEARCH OF TERMINAL CONTROL AREA
OPERATIONS UNDER UNCERTAINTY CONDITIONS

0. Kozhokhina, V. Gribov, S. Rudas
PROFESSIONAL RELIABILITY OF OPERATOR OF AIR NAVIGATION
SYSTEM

A. Zadorozhnia, S. Pavlova
ANALYSIS OF EUROPEAN CONCEPTS IMPLEMENTATION IN ATM

D.I. Tereshchenko
INDICATORS OF INTEGRITY SATELLITE CHANNEL DEPENDING ON
ANTENNA GAIN

3.2. Communication, navigation, surveillance

LV. Ostroumov
NAVAIDS FACILITY FOR AIRCRAFT POSITIONING

N.S. Kuzmenko
SPLINE AS A UNIVERSAL MEAN FOR CONTINUOUS UAV
PARAMETERS PROCESSING

E.O.Kovalevskiy, V.V. Konin, T.1. Olevinska
AIRCRAFT LANDING FLARE

Valter Melkumyan, Tetiana Maliutenko
CONTROL OF PROCESS DEGRADATION OF TRANSPORT
TECHNOLOGICAL SYSTEM

V.V. Konin, O.S. Pogurelskiy, F.O. Shyshkov
INITIAL ANALYSIS OF SPACE DEBRIS HAZARD

V.V. Konin, O.S. Pogurelskiy, F.O. Shyshkov
MODEL FOR NAVIGATION SATELLITE AVAILABILITY ON VARIOUS
ORBITS ANALYSIS

V.V. Konin, O.S. Pogurelskiy, F.O. Shyshkov
SIMMULATION OF NAVIGATION SATELLITES AVAILABILITY IN
THE NEAR-EARTH SPACE

V. Kharchenko, V. Kondratyuk, S. Iinytska, O. Kutsenko, E. Vyshnyakova,
A. Ismael

SOME PRACTICAL RESULTS OF INTEGRATED NAVIGATION
SYSTEM FLIGHT TESTING

3.3. Aviation English and safety of flight

O.P. Petrashchuk, O.M. Vasiukovych
LINGUISTIC PROFILE OF GROUND-TO-AIR RADIOTELEPHONY
COMMUNICATION

Povoroznyk Kathy
TIME PERSPECTIVE AS A PERSONALITY RESOURCE OF AERO
NAVIGATION SPECIALISTS

Kharlamova Tatyana
THE AIRCRAFT MAINTENANCE ENGINEER COMPETENCE WITHIN
THE CONTEXT OF AVIATION SAFETY REGULATIONS

VIII

3.1.22

3.1.26

3.1.31

3.1.37

3.2.10

3.2.15

3.2.18

3222

3.2.26

3.2.30

3.3.10



UDC 537.612.2(045)

LV. Ostroumov, cand. of science
(National Aviation University, Ukraine, Kyiv)

NAVAIDS FACILITY FOR AIRCRAFT POSITIONING

The key positioning algorithms by data from Distance Measurement Equipment and
Very high frequency Omni-range Radio beacons have been discussed. Results of
accuracy estimation of different positioning approaches for Ukrainian airspace were
represented.

Introduction

Positioning of aircraft location in the airspace is one of the key problems in
aviation. Accuracy and availability of coordinate detection are valuable part of flight
safety. Many different approaches have been using to improve positioning losses on
board of aircraft.

Nowadays Global Navigation Satellite System (GNSS) provides more accurate
global position data than other technics. GNSS is represented by GPS, GALILEO
and GLONASS satellite systems. In despite of high accuracy of GNSS the special
ground base augmentation systems (GBAS) are used in wide areas for GNSS
improvements [1].

Each airspace user has to use GNSS equipment for positioning purposes. But
some time in some regions accuracy of positioning may be not enough to guarantee
the required level of flight safety. It may be result of radio frequency interference,
geometry of space satellite location, solar activity and others. Flight management
system (FMS) uses other positioning methods to determine the coordinates in case
of malfunction airborne equipment of GNSS or inability to determine the
coordinates. In this case we can use other positioning technics such as inertial
navigation or positioning by signals from radio beacons (NDB, DME, VOR,
DVOR). Inertial Navigation System may be used for limited time in consequence of
the additive error. Positioning algorithms of FMS are alternative source of position
information. It is based on information usage from navigation beacons. According to
decreased positioning accuracy the next navigation methods are used: DME/DME,
VOR/DME, VOR/VOR, ADF/ADF [2].

DME/DME

The principle of determining the coordinates of an aircraft by DME beacons
signal grounds on distance measurement method of positioning. During the flight
avionics equipment analyze all of the available DME ground beacons at the point of
your location. Available ground beacons are used to determine distance between the
aircraft and the beacon with the use of time-based criteria. In cases of two accessible
beacons holdings the result of navigation equation solving will be two points of
location, one of that will be missed by tracking algorithm as impossible location. In
positioning techniques by two radio beacons only pair of beacons with angles from
30° to 150° should be used that depends on RNAV accuracy characteristics[3].
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Usually global geocentric coordinate system ECEF is used for aircraft
coordinates (x, ya, za) detection in case of more than two available ground station
[4, 5]. Position of aircraft is found by the solution of navigation equation:

2 2 2 2
D7 = (g —xpumri)” + (74 = vome) + (4 —zpome)’
where Xpmei» YpumEe Zpmei — coordinates of " DME ground beacon; Di — real
distance between ground station and an aircraft.
Navigation equation may be solved by linearization of equation and then by least

square method:

AD; =D; - D;,

A)Ci = )21* —X4q,

AY; =i =V4»
AZi :éi—ZA .
;1‘2 =(XA —fCi)2+(yA —ﬁi)2+(ZA —21)2,
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where X;,;,z; - nominal points coordinates, AD — distance between nominal point
and aircraft.

According to relation above navigation equation will be represented in the next
matrix form:

AD = HAX ,
where
;‘gl le Zyl ::zl ij
AD=| "2 H=|? T TR A =| Ay, |, i=1...N.
Az,
ADy ayy ayN  dxy

Aircraft location may be calculated by the next relation [3]:

TV lyr
AX = (H HT H'AD.

Usually for nominal points in represented above approach DME ground station
location has been used.

Accuracy of positioning by DME/DME approach depends from geometry
location of ground station, ground beacon classes and accuracy of DME. Figure 1

represents accuracy of DME/DME positioning for Ukrainian airspace for altitude of
8000 m.
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Fig. 1. Accuracy of DME/DME positioning
VOR/DME

Typically ground DME station is grouped with VOR ground radio beacon. They
use different frequencies but operate in co-located channels and antennas are located
in one place. Co-located group of DME and VOR ground equipment provide aircraft
a unique positioning possibility because it is possible to calculate position of aircraft
by distance (d) to ground radio beacon from DME and azimuth (o) to VOR
equipment. Of course it needs information about ground beacon antennas location
(XvoRr»> YVOR)-

Navigation equation contains simple trigonometric functions because it is result
of rectangular triangle relations:

Xyor +dsin(a),if0 <a< 377[

Ya = . 3T
Xyor — dsm(a),y‘? <a<2n

Ya=Yvor+ dSin(“) :
Accuracy of this positioning approach indicates bad characteristics according to
DME/DME position approach.

VOR/VOR

Positioning by VOR equipment is grounded on angular positioning approach.
VOR equipment provides angles between north and direction to the ground station.
Also it needs information about location of ground stations.

Location of aircraft is calculated by rectangular triangles in plane of ground
station [6]. Typically North-East-Down (NED) Cartesian coordinate system has
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been used for coordinate detection. Location of VOR ground station holds the center
of NED coordinate system.

Navigation equation grounds on relations in rectangular triangles [7]. Aircraft
position detects by the following simple equation for ' number of ground stations:
A _Xg—X

Ayi  Ya—Yi

tg(a;) = ,=1..n,

It can be represented in other form:
X4— yAtg(a,-)z X;— y,-tg(a,-), i=1..n,
where x4 , ya — aircraft position,
x;,¥i— VOR ground stations location,
o;— VOR azimuths.

In matrix form:

A4-xT =B,

where
A=[1 tg(al»)], X:[xA yA], B=[x,~ —yitg(ai)], i=l.n.

Aircraft location by VOR information is calculated by the following formula [8]:

X= ((ATATIATBJT .

But positioning by VOR information has been limited by VOR ground station
geometry location and in case of aircraft location at the line which connects two
ground stations it is impossible to solve positioning equation.

The geometric dilution of precision (GDOP) coefficient shows geometrical
influence of ground station location on position accuracy. GDOP usually is a part of
total precision. Result of Analysis of Ukraine national VOR ground beacon system
(represented on figure 2) represents availability to receive VOR signals on 1.8%
country territory from 6 beacons; 4,6% — 5; 22,2% — 4; 52,4% — 3 and 19% — less
than 2.
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Fig.2. Coefficient of GDOP for VOR/VOR positioning in Ukrainian airspace
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Therefore navigation by VOR station signals is available on 81% of Ukraine
area. GDOP coefficient for VORs ground station system in Ukraine region has the
following view:

- for 3.8% Ukrainian airspace GDOP coefficient will be less than 1,

- for 78.8% — from 1 to 2;

- for 17.4% — more than 2.

Conclusions

All of represented positioning algorithms have been computing inside of FMS.
During the whole flight FMS controls positioning information from GNSS sensors
and if it recognizes bad accuracy or unavailability it automatically uses inertial
principle and then after some time DME/DME, VOR/DME or VOR/VOR
positioning algorithm.

Alternative positioning systems are extremely important today. Result of
investigation indicates that accuracy of positioning depends on geometry of ground
station location. DME/DME approach is the most useful for Ukrainian airspace. To
improve safety of flight the best way is to increase a number of ground DME
stations.
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