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Abstract—Orthogonally linearly polarized radio-beacon signals are emitted simultaneously from two spa-
tially separated points in the horizontal plane to determine the bearing and roll angles. The resulting vector
signals from the radio beacon are received by a receiving antenna on board an aircraft. The antenna irradiator
is equipped with a polarizing modulator in the form of a ferrite rotator of the polarization plane. The bearing
and roll angles are estimated at the receiver output at a frequency that is a multiple of the polarization-mod-
ulation frequency of the received beacon signals. The layout of the apparatus that performs this method is
described. The results of measuring the navigation elements are presented. The mean square errors of the
bearing and roll angle measurements were 0.48° and 0.35°, respectively.
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INTRODUCTION

One of the promising ways to expand the function-
ality of onboard and ground-based radio-navigation
equipment is the practical use of the vector nature of
radio signals as a carrier of navigation information.

The existing methods for determining the angular
position of an aircraft in radio-beacon navigation sys-
tems (RBSs) are based on the use of the amplitude,
frequency, phase, or time characteristics of radio-bea-
con (RB) signals [1]. To measure the navigation ele-
ments such as the roll and pitch, expensive and techni-
cally complex inertial navigation tools are used [2].
However, the polarization characteristics of RB sig-
nals are virtually not used [3].

In [4—6], the possibility of using orthogonally linearly
polarized RB signals was investigated for estimating the
bearing [4, 5] and roll [6] of a mobile object using the
polarization-modulation method. The essence of this
method is that signals with vertical and horizontal
polarizations and equal amplitudes, wavelengths A,
and known initial phases were emitted synchronously
from two points spatially separated by a distance d in
the horizontal plane.

The resulting RB vector signals were received by a
receiving antenna on board an aircraft; the single-
channel microwave path of this antenna includes a
polarization modulator in the form of a mechanically
rotating (at the frequency ) section of a circular
waveguide with a half-wave A/2 [4, 6] or quarter-wave
A/4 [5] phase plate, which is placed inside it. The phase
plate is rotated by a stepper motor that is mechanically

connected to a circular-waveguide section. The bear-
ing o, was defined as the angle between the normal to
the middle of the base d and the direction to the mov-
able object using the formula [4—6]

(A
o=t (—A )i T, 1
arcsin d Q|tn (1)

where n =0, 1, 2...; A@ is the high-frequency phase dif-
ference between orthogonally linearly polarized signals
at the reception point on board a moving object.

The phase difference A@ included in (1) was pro-
posed to indirectly estimate the receiver output by the
amplitude of the spectral component at the frequency
2€) when using a quarter-wave phase plate [5] and at
the frequency 4Q2 when using a half-wave phase plate
[4, 6]; the roll ywas estimated by the phase of the spec-
tral component [6]:

v, rad = J_r‘L;Q. )

Experimental estimates of bearing measurements
were obtained in [7] from orthogonally linearly polar-
ized RB signals using a polarization modulator in the
form of a rotating half-wave phase plate. The standard
error of the bearing-angle measurement was 0.38°.

The disadvantage of the methods from [4—7] is that
the polarization modulation of the received RB signals
requires mechanical rotation of a circular-waveguide
section, which in turn is limited by the technical capa-
bilities of a stepper motor. This results in limiting the
speed of measurements of the navigation elements and
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complications in the design of the polarization modu-
lator itself.

This paper describes a method for measuring the
bearing and roll angles of an aircraft using an elec-
tronic polarization modulator in the form of a ferrite
rotator of the polarization plane and provides experi-
mental estimates of the accuracy of the measurements
of navigation elements.

DESCRIPTION OF THE METHOD

Let a radio beacon that consists of two points,
which are spatially separated in the horizontal plane by
a distance d, simultaneously emits orthogonally lin-
early polarized signals with vertical and horizontal
polarizations with equal amplitudes, initial phases,
and wavelengths A. The resulting signal in the direc-
tion o0 can then be represented in a linear polarization
basis in the vector form [4—6]:

_f !
E, = ﬂe’“’}’ (3)
where AQ = Msinoc is the phase shift between the

orthogonally linearly polarized signals at the reception
point on board the aircraft.

The factor 1/«/5 in expression (3) is present due to
the unit intensity of the resulting signal, which is
assumed for convenience.

It was noted in [4] that the resulting signal (3) at the
reception point on board the aircraft generally has an
elliptical polarization. In this case, the orientation
angle B of the polarization ellipse can take two fixed
values: the first one is B, = n/4 and the second is B, =
31nt/4. When passing through the circular polarization
state of the resulting signal, a jump in the orientation
angle of the polarization ellipse from the value B, =
m/4 to B, = 3n/4 occurs and vice versa.

To describe the interaction of the resulting signal
(3) with the microwave elements of the receiving
antenna with an installed polarization modulator in
the form of a ferrite (Faraday) rotator of the polariza-
tion plane, we use the Jones operator [8].

The ferrite rotator of the polarization plane is a seg-
ment of a circular waveguide, in whose central part a
ferrite rod is placed. The rod is located along the axis
of the longitudinal magnetic field with a current that
flows in a coil, which is wound on the outside of the
waveguide [8]. A harmonic change in the bias current
in this modulator leads (as a result of the Faraday
effect) to rotation of the polarization plane of the wave
propagating in the circular waveguide, without chang-
ing the parameters of the wave ellipticity. The fre-
quency of rotation of the output-wave polarization
plane is set by the frequency of the harmonic change
in the bias current in the modulator. The angle of rota-
tion of the polarization plane is determined by the

INSTRUMENTS AND EXPERIMENTAL TECHNIQUES

823

value of the current that flows through the coil and the
length of the ferrite rod (or rods placed one after
another) [8].

Let us assume that in a general case, the aircraft has
a roll angle vy defined as the angle between the right
(relative to the center of mass) transverse semiaxis of
the aircraft and the horizontal plane [6, 9]. The Jones
vector of the signal at the linear-polarizer output,
which is a transition from a round waveguide to a rect-
angular one, can then be written in a linear polariza-
tion basis as the result of the transformation:

1
E,.(6) = C—=[IT][M][R(Y)[E 4
an(0) = € HIMIREDIE, 4

where E; is the Jones vector of the resulting signal (3),
which is defined in a linear polarization basis; [R(1Yy)] =
{cosy isinq ] ,

. is the operator of rotation by the roll

tsiny cosy

angle *v; +vy is the positive roll angle when the right
transverse semiaxis (or the right wing of the aircraft) is
below the horizontal plane; —y is the negative roll
angle when the right transverse semiaxis (or the right
wing of the aircraft) is above the horizontal plane [9];

[M] = cosO sin0
| —sin® cosO
ization modulator in the form of a ferrite rotator of the

wave polarization plane by an angle 6 = €, which is a
harmonic function of the magnetic-field strength A and

is the Jones operator of the polar-

10
is set in the linear polarization basis [8]; [I1] = [O O} is

the Jones operator of the linear polarizer (the transi-
tion from the circular waveguide to the rectangular
one) with a horizontal eigenpolarization that coin-
cides with the right transverse axis of the aircraft,
which is specified in the linear polarization basis; and
C is a constant that takes the performance of the RB
and the distance from it to the aircraft into account.

After performing the necessary transformations in
(4), we obtain the Jones vector of the output signal of
the linear polarizer in the form

cos(0 £ y) +sin(0 y)ejA(P}‘ )

1
Eou (6) =—=C
2 { 0
In view of (5), the signal at the receiver input as a
function of the angular position 6 has the form

E,(0) =L Clcos(® £ y) +sin@ % 1.  (6)
Np)
The signal amplitude at the output of a receiver
with a logarithmic amplitude characteristic and a lin-
ear detector is

A(®) = log%C + log|cos(® £ 7) + sin(0 = 1)e’™]. (7)
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After transformations (7) and in view of the fact
that the signal level for a logarithmic receiver is com-
monly measured in decibels, we obtain for 6 = Qr:

1
A(Q1), dB = 20log—=C
0 *5 ®)
+ 10log{l + cosA@sin(2Q¢ + 2v)}.

Asisseen from (8), the signal amplitude at the out-
put of a receiver with a logarithmic amplitude charac-
teristic is modulated by a doubled frequency of rota-
tion 2€ of the signal polarization plane. The modula-
tion depth depends on the phase difference A@ and
determines the polarization state of the resulting signal
(3) at the reception point on board the aircraft. There-
fore, the spectral component at the frequency 2Q will
be present in the envelope spectrum of the receiver
output signal. Moreover, its amplitude A,q is deter-
mined by the cosine of the phase difference A and,
taking (1) into account, is related to the estimate of the
angular coordinate o* by the ratio

o* = tarcsin A AQ* tnm, )
2nd
where A@* is the estimate of the phase difference A
obtained indirectly via a measurement of the amplitude
A,q of the spectral component at the frequency 2Q.

At the same time, its phase @,o with allowance for
(8) is determined only by the roll angle y and is related
to it through the relationship

v, rad = + 922 (10)
2
It should be noted that the phase @,q is read from
the phase of the reference signal sin2€Q¢, which is
determined by the master oscillator of the rotation of
the signal polarization plane.

In this case, the amplitude A, and phase ¢,q do
not depend on the RB performance and the distance
from it to the aircraft. The energy parameters deter-
mine the constant component of the signal at the log-
arithmic-receiver output.

However, the factor cosA@ that is included in (8) is
an even function of the angular coordinate o, which
does not allow the determination of the side of the air-
craft deviation from the zero direction (o = 0), which
coincides with the normal to the middle of the base d.
To avoid this disadvantage, it is proposed to emit
orthogonally linearly polarized signals with equal
amplitudes and wavelengths but with an initial phase
difference A, = *m/2 in this direction. In this case,
the resulting signal (3) at the reception point on board
the aircraft in the equisignal direction at o0 = 0 will
have left or right circular polarization. Substituting a
constant initial phase shift A@,, e.g., T/2, into (8), we
obtain
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Fig. 1. The dependences of the amplitude of the receiver
output signal on the orientation angle of the polarization
plane 0 for A@ that is equal to (/) 0, (2) n/2, and (3) nt/4.

1
A(Q1), dB = 20log—~=C
€ *5 (11
+ 10log{l — sin A@sin(2Q¢ * 2v)}.

In this case, the amplitude of the spectral compo-
nent at the frequency A,q in (11) is determined by the
sine of the phase difference A and is an odd function
of the angular coordinate o.

Relationship (11) allows calculation of the ampli-
tude of the logarithmic-receiver output signal as a
function of the angular position 6 of the plane of
polarization of the polarization-modulator signal for
different values of A and v; the form of these depen-
dences makes it possible to trace the mechanism of the
appearance of the spectral component at the fre-
quency 2Q in the spectrum of the envelope of the
receiver output signal.

The calculation results are shown in Figs. 1 and 2.
Curves 1-3 in Fig. 1 correspond to the A@ values equal
to 0, /2, and /4 for y = 0, respectively; the curves in
Fig. 2 correspond to the values of the roll angle y of 0°,
15°, and —15° for A@ = 1/2, respectively.

From the analysis of Fig. 1, it follows that for Ap =0
(curve 1), the amplitude of the receiver output signal
is constant and does not depend on the angular posi-
tion O of the polarization plane of the polarization-
modulator output signal. In this case, taking the intro-
duced initial phase shift AQ, = /2 into account, the
resulting signal (3) in the zero direction ot = 0 is polar-
ized circularly, and the amplitude A,g, is equal to zero.

If Ap =1t/2 (curve 2), the amplitude modulation of
the signal at the receiver output reaches 100% of its
depth. During a complete revolution of the polariza-
tion plane 0, the signal amplitude becomes modulated
by the double rotation frequency 2€2 of the signal
Vol. 63
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Fig. 2. The dependences of the amplitude of the receiver
output signal on the orientation angle of the polarization
plane 0 at the roll angle y equal to (7) 0°, (2) 15°, and (3)
—15° for Ap = /2.

polarization plane. Therefore, in the spectrum of the
receiver output-signal envelope, there will be an infor-
mative spectral component at the frequency 2Q2, and
its amplitude A,q reaches its maximum. In this case,
the resulting signal (3) at the point of reception on
board the aircraft will be linearly polarized. In the
intermediate case where AQ = m/4 (curve 3), the
resulting signal (3) will have an elliptical polarization,
while the amplitude A4, takes intermediate values.

Similar dependences are observed for negative val-
ues of A that are equal to —mt/2 and —rt/4 for Y= 0;
the only difference is that these curves are in antiphase
in comparison with curves 2 and 3 in Fig. 1, which
were obtained for positive values of A equal to 7t/2
and 1/4, respectively. As noted in [4], this is due to the
fact that when passing through the circular polariza-
tion state of the resulting signal (3), a jump-like
change in the spatial orientation angle of the polariza-
tion ellipse occurs from a value of t/4 to 3w/4 and vice
versa. Taking the introduced constant initial phase
shift A@, = /2 into account, this allows one to deter-
mine the side to which the aircraft deviates from the
zero direction oo = 0.

It follows from the analysis of Fig. 2 (curves /—3),
that when, e.g., A@ = 1/2, i.e., the resulting signal (3)
is linearly polarized at the reception point, then, as
noted above, the amplitude modulation of the signal
at the output of the logarithmic receiver reaches 100%
of its magnitude. At the same time, different values of
the roll angle v do not affect both the form of this
dependence and the depth of the signal amplitude
modulation, but these only determine the signal phase
shift by the doubled roll angle y of the aircraft. Similar
dependences are observed for the values AQ # 0. This
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Fig. 3. The dependences of (/) the amplitude 4, and (2)
the initial phase @, of the spectral component at the fre-
quency 2Q on the phase difference A at Agy = /2.

confirms the correctness of the obtained formula (8)
that characterizes the relationship between the aircraft
roll angle and the phase of the spectral component at
the frequency 2€.

The amplitude 4, at the logarithmic-receiver out-
put can be calculated by applying the Fourier trans-
form to relationship (11):

2n

Ay, dB =1 [ a@nysin 2010 (12)
T 0

The results of the calculation of the dependence of
A,q on the phase difference A at A@, = /2 and the
roll angle Y= 0 are shown in Fig. 3 (curve ).

Figure 3 shows that the amplitude reaches its max-
imum value of 8.69 dB at AQ = /2, while at Ag=0, the
amplitude A, is 0 dB. In the first case, as noted above,
the resulting signal (3) at the reception point on the
aircraft is linearly polarized; in the second case, signal
(3) is circularly polarized.

Figure 3 (curve 2) shows the dependence of the ini-
tial phase @,q of the spectral component at the fre-
quency 2€2 on the phase difference A@. In the range of
change —m/2 <A@ <0, its initial phase coincides with the
phase of the reference signal sin2€) and changes abruptly
by i, being in antiphase with it at 0 <A@ <m/2. The latter
allows determination of the side (sign) of the aircraft
deviation from the zero direction oo = 0 and expansion
of the range of unambiguous measurements of the
amplitude 4,, to —1t/2 < Ap < 1/2. Since the range of
a unique A@ measurement is T in this case, in view of
(9), the sector of a unique measurement of the angle o
for n = 0 is defined as

Aol = tarcsin (L) (13)
2d
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PD AD
A
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Onboard aircraft equipment

Fig. 4. The functional diagram of the goniometric polarization-modulation radio-beacon system for measuring the aircraft bear-
ing o and roll y angles: (G) high-frequency generator; (RWJ) rotating waveguide joint; (WS) double T-like waveguide splitter;
(WT) 90° waveguide twist; (HHPA) horn horizontal-polarization antenna; (PAS) phase shifter by ©n/2; (HVPA) horn vertical-
polarization antenna; (BMA) onboard mirror antenna; (FR) ferrite rotator of the polarization plane; (WLP) waveguide linear
polarizer; (MG) low-frequency master generator of the reference signal sinQ#; (LR) logarithmic receiver; (RSF) former of the ref-
erence signal sin2Qz; (BF) band-pass filter at the frequency 2Q2; (PD) phase detector; (4D) amplitude detector; (RAI) roll-angle

Y indicator; and (B/) bearing o indicator.

Thus, the dependence of the amplitude A4, on the
phase difference A@ is essentially the direction-finding
characteristic of the angular RBS and the estimate of the
angular coordinate o is determined by expression (9).

Moreover, the slope of the direction-finding charac-
teristic and, therefore, the potential accuracy of mea-
suring the aircraft bearing are determined by the spatial
separation d of radiating points but not by the direc-
tional properties of the receiving onboard antenna,
where the dimensions and weight are of paramount
importance.

THE EXPERIMENTAL INSTALLATION
OF A GONIOMETRIC
POLARIZATION-MODULATION RBS

A prototype of a goniometric polarization-modu-
lation RBS was created in order to verify the results of
theoretical research and obtain experimental estimates
of the accuracy of determining the aircraft bearing and
roll angles. Its diagram is shown in Fig. 4.

The prototype contains a ground-based RB that
simultaneously emits orthogonally linearly polarized
signals with vertical and horizontal polarizations from
two points, which are spatially separated by distance d
in the horizontal plane. The RB is located at a point
with known coordinates. The prototype also includes
an onboard microwave single-channel receiver based
on a Groza-26 aircraft weather-navigation radar sta-
tion with a standard Faraday rotator of the polariza-
tion plane, which is placed inside the antenna irradia-
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tor [10] and operates in a new polarization-modula-
tion mode. The modulation frequency is Q = 40 Hz.

The receiving onboard antenna was a 760-mm-
diameter parabolic mirror. The width of the antenna
directivity pattern at the half-power level was 3°, the
antenna gain was 25 dB, and the receiver sensitivity
was —120 dB/W.

The goniometric polarization-modulation RBS
works as follows.

A standard G4-126 generator of high-frequency sig-
nals (G) emits, e.g., continuous signals at the frequency
f = 9370 MHz with the radiation power P = 10 mW,
which pass through a horizontal rotating waveguide
joint (RWJ) and enter the input of a double waveguide
T-shaped splitter (WS), where the signals branch into
two signals with identical amplitudes.

From the outputs of the splitter WS, one signal is
transmitted via a 90° waveguide twist (WT) to a horn
transmitting horizontal-polarization antenna (HHPA),
while the other signal is transmitted via a /2 phase
shifter (PhS) to another horn transmitting vertical-
polarization antenna (HVPA). As a result, orthogo-
nally linearly polarized signals with vertical and hori-
zontal polarizations with equal amplitudes and wave-
lengths, but with an initial phase difference Ag, =1/2,
are radiated into the space in the direction o. The
appearance of the transmitting horn antennas of the
RB is shown in Fig. 5.

The resulting signal, whose Jones vector in the
direction o has the form (3), is received on board the
aircraft by the all-polarized onboard mirror antenna
(BMA) and enters the signal input of the polarization
Vol. 63
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Fig. 5. The appearance of the transmitting horn antennas
of the RB: (/) horn horizontal-polarization antenna; (2)
90° waveguide twist; and (3) horn vertical-polarization
antenna.

modulator (FR), which is made in the form of a ferrite
rotator of the polarization plane of the resulting signal
that passes through the FR.

In a waveguide linear polarizer (WLP), which is a
transition from a circular waveguide to a rectangular
one, the horizontally polarized component of a signal
modulated in the orientation angle 6 = Qf of the signal
polarization plane is extracted. The modulation fre-
quency is set by a master generator (MG) that gener-
ates a control harmonic signal sinQf with a modula-
tion frequency € = 40 Hz, which is fed to the control
input of the polarization modulator (FR).

The output signal of the polarizer (WLP) from the
side of the rectangular waveguide, which has the form
(5), enters the input of the logarithmic receiver (LR),
where it is detected. The appearance of the prototype
of the onboard equipment of the aircraft is shown in
Fig. 6.

As a result of rotation of the polarization plane of
the input signals with the frequency €2, a detected sig-
nal that is amplitude-modulated by the double fre-
quency of rotation of the polarization plane 2€ is
formed at the output of the logarithmic receiver (LR);
this signal has the form (8). In this case, the depth of
the amplitude modulation of the receiver output signal
depends only on the phase difference A@ between the
orthogonally linearly polarized signals that are emitted
by the transmitting horn antennas (HHPA and HVPA)
and determines the polarization state of the resulting
signal (3) at the reception point on board the aircraft.

In the former (RSF), a reference voltage sin2Q¢,
which is necessary for the operation of a phase detec-
tor (PD), is formed in response to the output signals of
the generator MG. The band-pass filter (BF), which is
tuned to a frequency of 2Q2 = 80 Hz, extracts the spec-
tral component at a frequency of 2€), which is con-
tained in the spectrum of the output-signal envelope
of the logarithmic receiver (LD) of the aircraft and
carries navigation information about the aircraft bear-
ing and roll angles. The phase and amplitude detection
of this component is carried out in the PhD and AD
detectors and their output signals are registered by the
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Fig. 6. The appearance of the prototype of the onboard air-
craft equipment based on the Groza 26 aircraft radar sta-
tion: (/) mirror antenna; (2) exciter with a built-in ferrite
rotator of the polarization plane; (3) antenna column; and
(4) receiving and measuring equipment.

RAI and BI indicators, respectively, whose scales are
calibrated in accordance with the established relation-
ships (10) and (9) in degrees of the roll yand bearing o
angles.

EXPERIMENTAL RESULTS

The ground-based RB was installed at a distance of
3 km from the onboard radio receiver.

To simulate a change in the bearing o, the HHPA
and HVPA horn transmitting antennas of the RB (Fig. 4)
were connected to the output of the waveguide joint
(RWIJ), which rotated in the horizontal plane, via a
T-shaped waveguide splitter WS. This made it possible
to change the orientation of the equisignal direction,
which coincided with the perpendicular to the middle
of the base d that was formed by the horn transmitting
antennas (RAGP and RAVP) with a discrete step of
0.5°. The base d was 20 cm long. The rotating wave-
guide joint (RWIJ) was installed so that the horn trans-
mitting antennas (RAGP and RAVP) could rotate with
a step of 1° in the vertical plane to simulate a change in
the roll angle .
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Fig. 7. The dependence of the amplitude of the spectral
component at the frequency 2Q on the bearing o.: (/) the-
ory and (2) experiment.

The receiving antenna (BMA) of the onboard radio
receiver was installed on the roof of the TUSUR radio-
engineering building at a height of 18 m and was ori-
ented in the direction to the RB. The polarization-
modulation frequency of the received resulting signals
was determined by the master generator (MG) and was
equal to Q = 40 Hz. The spectral component at the
frequency 2Q) = 80 Hz was extracted at the output of
the logarithmic receiver (LR), and its amplitude A4,q
and phase @, were measured; the latter are associated
with the bearing o and roll y angles, respectively.

The observed parameters included the average
(over several polarization-modulation periods) level of
received signals, which exceeds the intrinsic noise of
the receiver by 20 dB, as well as the amplitude and
phase of the spectral component at the frequency 2€2.
Their estimate was formed by averaging 30-second
realizations.

Figure 7 shows the results of measuring the depen-
dence of the amplitude of the spectral component at the
frequency 2€2 on the bearing o.. The theoretical depen-
dence (curve /) was obtained by calculation in accor-
dance with (12) for the ratio d/A = 7.8 at A= 3.2 cm and
d =20 cm; curve 2 was obtained experimentally.

It is seen that the dependences are ambiguous. The
width of the sector of a unique measurement of o
depends on the d/A ratio and the definition by rela-
tionship (13).

Figure 7 shows that the experimentally obtained
dependence is close to the theoretical one. The stan-
dard deviation of the measured parameter o from the
specified value was 6, = 0.48° for a sector of unambig-
uous measurements of Aow = 9.2°.

Figure 8 shows the dependences of the phase @, of
the spectral component at the frequency 2€2 on the roll
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Fig. 8. The dependence of the phase ¢, on the roll angle
¥: (/) theory and (2) experiment.

angle v, where the theoretical dependence (curve /)
was obtained by calculations in accordance with (10),
while curve 2 is experimental.

It follows from Fig. 8 that the experimentally mea-
sured dependence is also close to the theoretical one.
The standard deviation of the measured roll angle y
from the specified one was ¢, = 0.35°.

CONCLUSIONS

(1) A polarization-modulation method for estimat-
ing the bearing and roll angle of an aircraft according
to radiated orthogonally linearly polarized RB signals
using a ferrite rotator of the polarization plane with the
frequency Q of the received signals on board the air-
craft was proposed and tested.

(2) The connection of the amplitude and phase of
the spectral component at the frequency 2 with the
aircraft bearing o and roll angle 7y for the studied polar-
ization modulator was theoretically investigated and
established.

(3) Experimental estimates of the accuracy of mea-
suring not only the bearing but also the aircraft roll
angle using an electronic polarization modulator in
the form of a Faraday rotator of the polarization plane
were obtained.

(4) The error of measuring the bearing by the pro-
posed method in comparison with the method using a
polarization modulator in the form of a mechanically
rotating half-wave phase plate [7] has a slightly higher
value, which is probably due to the nonlinearity of the
modulation characteristic of the ferrite rotator of the
polarization plane.

However, the speed of measurements is higher in
this case and is determined by the frequency of the
polarization modulation of the received signals.

Vol. 63

No. 6 2020



A METHOD FOR DETERMINING THE BEARING AND ROLL ANGLES

(5) The described method can be used in aircraft
orientation systems during instrument approach, as
well as in space navigation during spacecraft docking.
The method is technically simple to implement, since
the measurement of navigation elements is performed
at the receiver output at a frequency that is multiple of
the polarization-modulation frequency.
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