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Abstract—The paper deals with questions of developing polarimetric navigation method for determining
aircraft’s coordinates. This method, potentially, can increase the accuracy and sensitivity of navigation
parameters determination. The paper also deals with existing methods and systems for determining air-
craft’s navigation parameters and proposed polarimetric method. Also offered block diagrams of the on-
board and ground polarimetric device. In article were given result of the mathematical modeling of mea-

suring channel.
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I. INTRODUCTION

Air navigation (Aeronavigation) is the realm of
science, which studding the methods and means for
driving the aircraft, as also, a set of operations to
determine aircraft motion parameters and use them
for navigation tasks. The process of aircraft navigat-
ing consists of sequential execution navigation tasks,
the main ones are: takeoff, climb, altitude capture,
obtaining the correct path, cruising flight (control
and correction of deviations from course line, pass-
ing turning point), coming to point of destination,
descend, landing approach and landing. To deter-
mine of navigation parameters are using different
technical means, which can be divided into auto-
nomous and non-autonomous systems. The non-
autonomous navigation systems characterized by the
use of information which coming on board from
outside. The autonomous navigation system charac-
terized by the use of onboard equipment for deter-
mining of navigation parameters.

Navigation parameters is some parameters and
their derivatives, which describe the location, the
movement, orientation in space and orientation
around center of massof aircraft. There are the main
navigational options: coordinates, altitude, attitude,
speed, course and other

Determination and processing of navigation pa-
rameters data allows to determine the aircraft's posi-
tion in space and its motion parameters. This in turn
provides a safe and effective control of aircraft.
Thus, piloting of modern aircraft without knowledge
of navigation parameters is impossible.

Under polarimetric technology we will mean the
totality of methods and devices for collection, accu-

mulation, processing, transmission, storage and dis-
play information, which used polarimetric methods
and means for obtaining primary information about
the observation object.

II. PROBLEM STATEMENT

The conception of "free fly" and increased frequency
of air transport traffic lead to a necessity to compact-
ing the flow of air transport in airspace. This in turn
can lead to increasing numbers of plane crash by
aircraft collision at the critical density of aircraft in
the air space. Increasing the number of crashes can
be avoided only by increasing the accuracy of de-
termination the coordinates of the aircraft during air
traffic control. Thus there is a need to develop new
or improve existing methods for determining the
coordinates of the aircraft to ensure improvement of
measurement accuracy.

III. REVIEW

All navigation tasks are solves through various
technical means of navigation, which, depending on
their physical principles of action can be divided
into 5 main groups: geotechnical, inertial, radio,
astronomical, lighting.

Geotechnical navigation tools are based on the
different physical properties of the Earth and its
atmosphere, which include the gravity force, Earth's
magnetism and the earth magnetic field, terrain,
pressure change with flight altitude , air velocity,
thermal properties of the Earth. This group includes
magnetic and gyromagnetic compasses, magnetome-
ters, gravitometry, barometric altimeter, air speed
meter, correlation-extreme navigation systems.
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Radio navigation tools are based on the physical
properties of artificial electromagnetic waves that
propagate in space. This group of instruments are
characterized by high precision work in any weather
conditions, at any time of the day, and at different
distances. This group includes short range radio
navigation system, long range radio navigation sys-
tem, VOR system, DME system, radio altimeter and
others.

Astronomical navigation tools are based on use
objective laws of relative position and motion of the
Earth relative to the Sun, the Moon and other celes-
tial bodies. This group includes astronomical com-
pass, sextant and other.

Lighting and visual navigation tools are designed
to provide land navigation, which include light bea-
cons, searchlights, optoelectronic landing systems
and other.

In modern aircraft commit complex use the dif-
ferent groups of navigational tools.

For solution of tasks for airplane en-route flight
and determination coordinate of aircraft's location
are most widely used short range radio navigation
system and methods. Short range radio navigation
system is divided into: azimuth-measurement navi-
gation system, range-measurement navigation sys-
tem, rho-theta navigation system, differential-range
measurement navigation system and others, depend-
ing on the navigation parameter, which is measured.

Azimuth-measurement radio navigation system
called system which provide a reception on the air-
craft board or on the ground navigational informa-
tion about relative angular position of the aircraft
and radio sources.

Range-measurement navigation system called
systems that ensure getting on board aircraft the
navigational information about the distance to the
radio beacon.

Rho-theta navigation system called systems that
ensure getting on board aircraft the navigation in-
formation about relative angular position of the air-
craft and radio sources and about the distance to the
radio beacon.

Differential-range measurement navigation sys-
tem called systems that ensure getting on board air-
craft the navigation information about location of
aircraft by used determining the difference distances
to several radio navigation points.

In this case, the locating of a aircraft may be es-
tablished by use information about the azimuths of
two VOR beacons, about the distance to two DME
beacons, about the azimuth and range to one azi-
muth-distance beacon, information about the three
(four) independent difference distances to two
(three) beacons.

IV. PROBLEM SOLUTION

Optical measurement methods are widely used in
various fields of science and technology. Measuring
polarization of light is one of the most sensitive me-
thods of optical measurements. It allows to measure
the azimuth plane polarization with accuracy 0.0005°
[3]. Polarization measurement methods have very
high sensitivity. Polarization measurement is a mea-
surement to determine the parameters that character-
ize the polarization properties of radiation: the degree
of polarization, azimuth, ellipticity and others. Cur-
rently, have begun to develop polarimetric methods
for determine the direction of polarized light. These
developments admit to determine the rotation angle
of a moving object relative to a fixed point of refer-
ence. In article [5] it was examined the use of the
method for determining the direction of polarized
radiation to determine the aircraft attitude during
landing and the application of polarimetric measure-
ment methods in aircraft landing systems. One way
to determine the direction of radiation is to measure
the incidence angle of polarized radiation. In addi-
tion, the polarized radiation can be emitted from a
moving object or irradiate the moving object. In this
case, in perceiving part of the measurement system
used planar isotropic dielectric plate.

Research presented in [1] and [2] show that at
falling of linearly polarized light on isotropic dielec-
tric planar plate with weakly absorbing material the
reflected and refracted beams will also be linearly
polarized and rotations the plane of polarization are
depend from the angle of incidence. This conclusion
is based on Fresnel formulas. The values of azimuth
plane of polarization for the reflected and refracted
beam that has passed through the two faces of the
plate, can be determined by the following formulas:

( cos(i—r) ]
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where ¢, is the azimuth plane of polarization re-
flected beam; ¢, is the azimuth plane of polarization
incident beam; ¢, is the azimuth plane of polariza-

tion refracted beam; i is the angle of incidence; 7 is
the angle of refraction.

Thus by fall of polarized radiation on the
isotropic dielectric plate takes place rotates of the
polarization plane azimuth for refracted, reflected
beams and for beam, which pass through the two
faces of the plate. Rotate of the polarization plane
azimuth depends on the incidence angle of radiation
and polarization plane azimuth of the incident
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beam.Polarimetric method for determining the
coordinates of the aircraft is lie in measuring the
polarization plane azimuth of the passed beam and
determining the angle of incidence and polarization
plane azimuth of the incident beam. Polarization
plane azimuth of the incident beam directly
interconnected with radio-station bearing, and the
angle of radiation depends on relative radio station
bearing, distance to radio station, aircraft pitch and
altitude of flying.

Block diagram of the optical channel measure-
ments shown in Fig. 1.

Fig. 1. Block diagram of the optical channel

Radiation source / is intended for radiation of un-
polarized light. The optical filter 2 is designed for
pass definite radiation wavelength. Faraday cell 3 is
designed for polarization of light and rotation its
plane of polarization. Planar dielectric plate 4 is de-
signed to rotate the plane of polarization depending
on the angle of incidence. It provides obtaining pri-
mary information about angle of incidence. Focusing
lens 5 is designed for focusing the polarized beam
after dielectric plate on modulator 6. Modulator6 is
designed to modulate polarized beam in an alternat-
ing magnetic field to increase the sensitivity of mea-
surements. Analyzer 7 is designed to determine the
azimuth plane polarization after the dielectric plate.
Photodetector & is designed to convert azimuth plane
of polarization into an electrical signal. The resulted
electrical signal is sent to the measurement unit for
determining of polarization plane azimuth and inci-
dence angle of radiation.

Accuracy measurement is defined by the relation
of a signal to noise. The relation of a signal to noise
for photodetector has the following appearance [4]:
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where S is signal; N is noise; Us, Ury, Usy are, vol-
tages generated by signal, thermal and shot noises,
respectively; A;, A,are constants depending on the
properties of the photodetector; ki, k, are principal
transmittances of polarizing prisms; A is system

sensitivity; P is polarization degree of the light in the
optical channel; a is the angular amplitude of polari-
zation plane vibrations, changing according to the
periodic law: o = o, D(1).

The proposed method involves the use of
measurement system, which consists of two main
block:  radiation unit and  measurement
unit.Radiation unit is set on the beacon and designed
to emission polarized beam with fixed value of
polarization plane azimuth. Measurement unit is set
on the onboard and desined to measure
thepolarization plane azimuth passed beam and
calculation  ofstation  bearing.Radiation  unit
providesemission of two beams, which have
different wavelengths and polarization plane
azimuth. Radiation unit consists of two identical
channels.Block diagram of measurements unit
channel shown in Fig. 2.

Fig. 2.Block diagram of radiation unit channel

One channel of the radiation unit involves
radiation source /; optical filter 2, Faradey cell 3,
sound generator 4, scattering lens 3, slit diaphragm 6.
Both radiation channels is placed on the platform 7,
which rotates.Monochromator 2 is designed for
filtering the incidence beam and miss out the
wavelength on which is tune the appropriate channel
of measurement unit. Faraday cell 3 is designed for
polarization of beam and rotation its plane of
polarization. Sound Generator 4 is intended to form
control signals to the Faraday cell 3. Scattering lens
5 and a slit diaphragm 6 are designed for scattering
plane-polarization radiation in the vertical plane
with minimal divergence radiationangle in the
horizontal plane.The platform 7 rotates around a
vertical axis at a constant frequency and provides a
change the direction of the radiation the beam 8.
Simultaneously with the platform rotation happen
the rotations of the beam polarization plane. This
ensures communication of polarization plane
azimuth and the radiation station azimuth.Two
measurement channels differ rotation frequency of
the polarization plane: in the first channel it equal to
the speed of platform rotation, while in the second
channel it equal to the half the frequency of platform
rotation.
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The measuring unit consists of two identical
channels, each of which is configured for measure
the polarization plane azimuth of corresponding
channel of radiation unit. Block diagram of a
measurement unit channel shown in Fig. 3.
Dependence polarization plane azimuth from
radiation station azimuth in the first and second
channel shown in Fig. 4.
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Fig. 3. Block diagram of measurements unit channel
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Fig. 4. Dependence polarization plane azimuth from radia-
tion station azimuth in the first and second channel

The channel measurement unit consists of planar
dielectric plates 1 and 2, which are designed to rotate
the polarization plane depending on the angle of in-
cidence and polarization plane azimuth of the inci-
dent beam, it provides getting primary information
about incidence angle and polarization plane azi-
muth; optical filters 3 and 4, which are designed for
filtering the incidence beam and miss out the wave-
length on which is tune the appropriate channel of
radiation unit; focusing lens 5 and 6, which are de-
signed to focus the radiation on the Faraday cell 7
and 8; Faraday cell 7 and 8, which are designed to
modulate polarized radiation in an alternating mag-
netic field; sound generators 9 and 10, which are
designed to form the control signals which are sub-
mitted for Faraday cells 7 and 8; analyzers 11 and 12,
which are designed to determine the polarization
plane azimuth; photodetectors 13 and 14, which are
designed to convert polarization plane azimuth into
an electrical signal; narrowband amplifiers 15 and
16, which are designed to amplification of electrical
signal; synchronous detectors 17 and 18, which are

designed to increase the sensitivity measurement and
provide measurement "on zero signal"; microcontrol-
ler 19, which is designed for the processing of mea-
surement results; storage unit 20, which is designed
for the collection and storage of measurement results;
calculator 21, which is designed to perform mathe-
matical calculations.

V. RESULTS OF RESEARCH

In paper represents the azimuth-measurement po-
larimetric method for determining the coordinates of
the aircraft and the measuring system that imple-
ments the proposed method. The system consists of
two channels. Each channel is defined the polariza-
tion plane azimuth and incidence angle of radiation.
Value polarization plane azimuth of incidence radia-
tion in two channels determines the airplane bearing.
Measured values of the incidence angle may be used
in determining the altitude, pitch angle and station
bearing. In the process of mathematical modeling
was built plot a dependence graph of the polarization
plane azimuth of refracted beam from incidence an-
gle (Fig. 5), a dependence graph of the measurement
sensitivity from polarization plane azimuth of the
incident beam (Fig. 6), a dependence graphs of the
polarization plane azimuth of the refracted beam
from polarization plane azimuth of the incident beam
(Fig. 7).
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Fig. 5. Dependence graph of the polarization plane azimuth
of refracted beam from incidence angle
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Fig. 6. Dependence graph of the measurement sensitivity
from polarization plane azimuth of the incident beam
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Fig. 7. Dependence graphs of the polarization plane azimuth of the refracted beam from polarization plane azimuth
of the incident beam

After analyzing the dependence graph of the pola-
rization plane azimuth of refracted beam from inci-
dence angle (Fig. 5), we conclude that the relation-
ship is symmetric about the y axis and depends on
the polarization plane azimuth of the incident beam.
After analyzing the dependence graph of the mea-
surement sensitivity from polarization plane azimuth
of the incident beam (Fig. 6), we conclude that the
relationship is symmetric about zero and has ex-
tremes. The graph shows that the highest sensitivity
value provides polarization plane azimuth ¢, = +68°.

After analyzing the dependence graph of the polari-
zation plane azimuth of the refracted beam from
polarization plane azimuth of the incident beam
(Fig. 7), we conclude that the relationship is nonli-
near and depends on the incidence angle. The sensi-
tivity of the measurement increases with the increase
of the incidence angle.

VI. CONCLUSIONS

The article deals with the existing methods for
determining of navigation parameters and proposed
azimuth-measurement polarimetric method for de-
termining the coordinates of the aircraft. This me-
thod can potentially increase the accuracy and sensi-
tivity of determining the navigation parameters. Also
in the article is proposed the measuring system that
implements this method. The proposed method and

Klochan Arsen. Postgraduate student.

system can be used with azimuth-measurement and
rho-theta navigation system for determining the
aircraft's coordinates. The article also shows the
results of mathematical modeling of the measure-
ment channel.
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A. €. Knouan, A. Anb-Ammopi, B. I'. Pomanenko, B. /I. Tpoubko. ABianilina HaBirauiiina cucreMa Ha OCHOBI
MOJISIPUMETPUYHHUX TEXHOIOT i

Po3risiHyTo mUTaHHS po3pOOJIEHHST TOISIPUMETPUYHOrO HABITAIfHOTO METOY U BU3HAUEHHSI KOOPAWHAT MOBITPS-
Horo cynHa. Lleit Meron, MOTeHIiHO, 103BOJISE MIABUIIMTH TOYHICTh Ta YYTJIMBICTh BH3HAUYEHHS HaBiralmiHUX mapa-
MeTpiB. PO3risiHyTO iCHYIOYI METO/IM i CUCTEMH Ta 3alPOIIOHOBAHO MOISIPUMETPHYHHUN METO] JJIsl BU3HAYESHHSI HaBira-
WIfHUX TIapaMeTpiB JITAJFHOTO amapary. 3anpolOHOBAaHO OJIOK-cXeMy OOpPTOBOTO 1 HAa3eMHOrO MOJSPHUMETPHYHOTO
npucrtporo. [IpuBeneHo pe3ynpTaTi MaTeMaTHYHOTO MOJIEIIOBAHHS BUMiPIOBAJIHLHOIO KaHAITY.

Karouosi ciioBa: nositpsine cynao; Gpopmyinu Openens; BUMIpIOBAILHHAN MPHIAJl; MaTeMaTHYHE MOJICIIOBAHHS; METO]]
BUMIpIOBaHb; NOJISIPUMET; TUIOCKA 130TPOITHA JieJIEKTPUYHA IUIACTHHA; HABITaIlis.
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TaIOHHBIX MapaMeTpPoOB. PacCMOTPEHBI CYIIECTBYIOIIHE METOIBI M CHCTEMBI M MIPE/TIOKEH MOIAPUMETPHICSCKHIA METO/T
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3EMHOT'0 TIOJIIPUMETPUIECKOTO YCTPOWCTBa. [IprBeieHb! pe3yabTaThl MATEMATHYECKOTO MOICTUPOBAHUS U3MEPHUTEIb-
HOT'0 KaHaua.

KiioueBble ciioBa: Bo3IylHOe CynHO; GopMynbsl PpeHens; n3MepUTeIbHbIH TprOop; MaTeMaTHIECKOe MOJICITUPOBA-
HIHE; METOJ] H3MEPEHHUIT; MOMAPUMETP; IUTOCKAsT H30TPOMHAS TUIIEKTPUIECKas TIaCTHHA; HaBUTAIIHSL.

Kiouan Apcen EBrenneBnd. Acnupasrt.

Kadenpa snekTpoHHKH ¥ BEIYUCINTENBHOW TEXHUKHY, HanmoHamsHbIH TpaHCIOPTHBIH yHUBepcuTeT, Kues, YkpauHa.
O0pasoBanue: HarmoHansHbI aBUaIMOHHBIH yHUBEpCHUTET, Kues, Ykpanna (2015).

Hanpagienue HaygHOI A€ATENIBHOCTH: aBUOHUKA U ONTORJIEKTPOHHKA.

Konuuectro myonukaruii: 6.

E-mail: VArsenchuk@gmail.com

Aan-AMMmopu Ann. Jlokrop TexHudeckux Hayk. [Ipogeccop.

Kadenpa snekTpoHHKH 1 BEIYUCINTENBHOW TEXHUKHY, HalmoHansHbIi TpaHCOpTHEIH yHUBepcutet, Kues, YkpauHa.
OO0pasoBanue: KreBckuii HHCTUTYT HH)XKEHEPOB TpayKIaHCKOW aBuanu, Kues, Ykpanna (1992).

HamnpaBnenue HayqHOH NEesITENBHOCTU: aBHOHUKA, HHPOPMAIIMOHHBIE TEXHOJIOT MU, TPAHCIIOPTHBIE TPOLECCHI.
Konuuectro my6nukaruii: 6onee 100.

E-mail: ammourilion@ukr.net

Pomanenko Bukrop I'puropbreBny. KanaunaTt rexHudeckux Hayk. JIOIEHT.

Kadenpa aBronnku, HanmoHanbHbIl aBHalioHHBIH yHUBEpcuTeT, Kues, YkpaunHa.
O0pasoBanue: KreBckuii HHCTHTYT HH)KEHEPOB TpaykIaHCKOW aBuanu, Kues, Ykpanna (1988).
Hanpagienue kaBUTaLus )KUAKUX CUCTEM U ONTOIEKTPOHHUKA.

Konugectro my6nukanuii: 6omnee 30.

E-mail: romane@ukr.net

Tpoubko Bragumup JImutpueBud. Jloktop pusnko-Mmatemarndeckux Hayk. [Ipodeccop.
Kadenpa aBronuku, HanmoHanbHbI aBHallioHHBIH yHUBEpcuTeT, Kues, YkpaunHa.
Oo0pasoBanue: Kuesckuii HanrioHa bHbINH yHUBepcuTeT uM. T. lleBuenko.

HamnpaBnenue HayqHOH IESTENFHOCTH: paAno(pU3UKa U ONTOIIEKTPOHUKA.

Konuuectro my6nukaruii: 6onee 250.

E-mail: v@tronko.kiev.ua



