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1. Introduction

One of the urgent tasks of creating and improving 
motion control systems for modern aerospace objects is 
improving the accuracy of their information subsystems in 

general and navigation equipment, in particular. The main 
direction of solving this problem is the use of redundant 
information coming from inertial sensors and a receiver of 
satellite navigation signals. This explains why the issues of 
rational combination of information in such systems and the 
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optimization of algorithms for its processing on the on-board 
computer are given considerable attention today. But not all 
tasks of increasing the accuracy of navigational definitions 
can be solved with the help of satellite information. Among 
these tasks is, in particular, the initial exhibition of the nav-
igation system for azimuth. By the way, it is known that the 
accuracy of further inertial navigation essentially depends 
on the error in determining the initial azimuth. Thus, the 
listed factors, namely, the impossibility of solving the prob-
lem of the initial exhibition of the navigation system using 
satellite information, makes research in the field of the new 
gyrocompass design relevant.

2. Literature review and problem statement

As the analysis shows, the results obtained in the 
direction of increasing the accuracy of obtaining informa-
tion associated with various aspects of improving naviga-
tion systems [1]. So, it should be recalled a new method 
of correcting the angular orientation of the aircraft, it 
quickly rotates around the saddle axis [2]. The concept of 
an inertial system rotating to compensate gyrocompass 
errors is considered in [3], where it is stated that in this 
way it is possible to compensate for the random drift of 
gyroscopes.

At the same time, one of the most powerful ways to 
improve the accuracy of the strap down inertial navigation 
systems (SINS) at the factory settings stage is the method 
of calibrating the gyro module under thermal conditions 
[4]. This method is developed on the basis of processing the 
results of experimental studies and computer modeling of 
thermal processes.

One of the problems of ensuring high accuracy of nav-
igation, even in conditions of integration with satellite in-
formation, is obtaining the exact value of the initial course. 
Issues of the initial exhibition of inertial systems for various 
purposes and equipment are given considerable attention. So 
in [5] the problem of determining the initial angles of course, 
pitch and roll for a moving object is considered.

There is a whole class of navigation equipment (the 
so-called gyroscopes) that uses angular velocity sensors to 
determine the geographic azimuth or heading angle. Their 
work is based on the method of double gyrocompass (DGC) 
[6]. To further illuminate the features of the method, let’s 
briefly outline the principle of the DGC method.

The device is a platform, mounted almost horizontally, it 
is possible to rotate about an axis perpendicular to the plane 
of the platform. On the platform are two laser gyros (LG) 
and two accelerometers (AA), coaxial with LG. The sensitiv-
ity axes (SA) of LG are mutually orthogonal.

The device is set so that the axis of sensitivity of the con-
ditionally first gyro is directed at the given object, or forms 
a known angle with a given direction [7].

In this position, the first accumulation of data is carried 
out during the time T1, during which the average values of 
the angular velocity projections of the Earth measured by 
gyroscopes are calculated. Then, the platform rotates about 
the vertical axis by an angle close to 180°, and after fixing 
the position in the new installation, a second accumulation 
of data takes place during the time T2. The third accumu-
lation of data during the time T3 is carried out again in the 
initial position and is combined with the results of the first 
accumulation.

Obviously, the sum of T1, T2, T3 and the double 180° turn 
time is the total duration of the gyrocompass session T. In 
order to achieve the same averaging of the measurement 
noise in both angular positions, it is advisable to ensure the 
equality Т1+Т3=Т2.

Let’s consider the measurement model and the algorithm 
for data processing.

Let ψ be the angle of a course determined; α(1)
1 ,  α(2)

1  – 
the SA inclination angles of the first PH for the horizontal 
plane in the first (initial) and second (reverse) positions, 
measured by the first AA; α(1)

2 ,  α(2)
2  the SA inclination 

angles of the second LG to the horizontal plane in the first 
(initial) and second (reverse) positions, measured by the sec-
ond AA; Δ – angle of rotation of the platform in the reverse 
position; dΩ( )j

i  – additive error of measurement of the i-th 
LG (i=1, 2) in the j-th position ( j=1, 2) [8].

Under these conditions, measurements of the first LG in 
two positions can be written in the form

Ω = Ω ψ ⋅ α + Ω α + dΩ(1) (1) (1) (1)
1 1 1 1cos cos sin ,N h  

Ω = Ω ψ + ∆ ⋅ α + Ω α + dΩ(2) (2) (2) (2)
1 1 1 1cos( ) cos sin ,N h  

where Ω = Ω⋅ φcos ,N  Ω = Ω⋅ φsin ,h  Ω – the Earth’s rotation 
speed, φ – the latitude of the site.

The measurement of the second LG, which AA is rotat-
ed relative to the first by 90 ° clockwise (if “viewed” from 
above), have the form

Ω = -Ω ψ ⋅ α + Ω α + dΩ(1) (1) (1) (1)
2 2 2 2sin cos sin ,N h

Ω = -Ω ψ + ∆ ⋅ α + Ω α + dΩ(2) (2) (2) (2)
1 2 2 2sin( ) cos sin .N h

Solving the above expressions for the cosine of Сψ and 
the sine Sψ of ψ, let’s obtain

ψ
⋅ α ⋅ ∆ - α ⋅ ∆ - α

=
⋅Ω

(2) (2) (1)
2 1 1 2 2cos sin (cos cos cos )

,
N

b b
C

D

ψ
⋅ α ⋅ ∆ + α ⋅ ∆ - α

=
⋅Ω

(2) (2) (1)
1 2 2 1 1cos sin (cos cos cos )

,
N

b b
S

D

where

= α α + α α -

- α α + α α ∆

(1) (1) (2) (2)
1 2 1 2

(2) (1) (1) (2)
1 2 1 2

cos cos cos cos

(cos cos cos cos )cos ,

D

= Ω - Ω - Ω α - α - dΩ - dΩ(1) (2) (1) (2) (1) (2)
1 1 1 1 1 1 1(sin sin ) ( ),hb

= Ω - Ω - Ω α - α - dΩ - dΩ(1) (2) (1) (2) (1) (2)
2 2 2 2 2 2 2(sin sin ) ( ).hb

At the end, the angle ψ is determined from this, taking 
into account the signs of the cosine and the sine.

Under these conditions, the problem is considered, that 
when using LG with dither device planned for performing 
a measurement session, the time T may not be enough to 
smooth out the high-frequency component of the measure-
ments caused by both noise and vibration. This will lead 
to the fact that the error in determining the course of the 
formulas given above will be too large. Overcoming noise in 
measurements when solving the problems of the exhibition 
as a whole and gyrocompassing, in particular, is devoted to 
the paper [9], which proposes the problem of determining the 
angles as a problem of estimating the state vector.
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To solve this problem, it is proposed to abandon dither 
device, ensuring the normal operation of LG by forcing the 
optical contours of gyroscopes. Under these conditions, the 
level of the high-frequency component of the measurements 
will significantly decrease, the results of smoothing will 
become more effective, the accuracy of the course determi-
nation will increase.

To further fully understand the purpose of the research, 
let’s emphasize that gyroscopes are of two types, which differ 
substantially in the principle of action based on mechanical 
and optical gyroscopes [10]. The second option is considered – 
gyroscopes based on optical, namely, laser gyroscopes.

The aim of gyrocompasses is the definition of a direction 
azimuth, established, for example, by pointing the vizier to 
a remote object. Given the limited functionality of the gy-
rocompass compared to the SINS, its instrumentation typ-
ically contains one or two angular velocity sensors (AVC) 
and one or two accelerometers. In this case, the turn of the 
measuring unit into another, reverse, angular position with 
high accuracy is controlled instrumentally, for example, by a 
mechanical lock, reduces the error in measuring the angle of 
rotation Δ and the method as a whole.

The main characteristic of the gyrocompass is the accu-
racy of determining the angle of the course for a fixed du-
ration of the measurement session. Under these conditions, 
one of the factors influencing the error in determining the 
heading angle is the high-frequency component of gyroscop-
ic measurements (usually noise). To reduce this influence, 
either increase the duration of the session or reduce the noise 
level. If do not change the planned duration of the session, 
then in the framework of the traditional DGC scheme, which 
involves fixing the axis of sensitivity of gyroscopes in two 
anticolinear directions, no improvement can be proposed to 
reduce the influence of noise on the GC accuracy.

Therefore, the problem of high-precision determination 
of the initial azimuth with the use of special equipment – 
gyrocompass, built on optical gyroscopes, is then considered. 
The idea of using a dynamic gyrocompass on fiber-optic 
gyroscopes is proposed in [11]. However, in the given case it 
is a different type of gyroscope, and the task is not to reduce 
the influence of the noise component on the dither device.

To obtain a positive effect under these conditions, it is 
possible to propose a new gyrocompass design, an original 
technique for performing and processing 
measurements, and an algorithm for calcu-
lating the azimuth that is being sought. All 
this series of measures ensure high efficien-
cy of a new solution to the problem of initial 
course determination.

3. The aim and objectives of research

The aim of research is development of 
a more accurate method and algorithm for 
dynamic gyrocompassing and proving the 
hypothesis about the possibility of increasing 
the accuracy of the course determination in 
the gyrocompass with LG by replacing the 
dither device with forced regular rotation.

To achieve this aim, the following tasks 
are identified:

– to propose the composition and con-
struction of the device;

– to construct the corresponding mathematical model of 
measurements and describe the measurement procedure, to 
develop an algorithm for data processing;

– to conduct an experiment and obtain results of semi-re-
alistic modeling;

– to analyze sources of errors in the course determina-
tion and formulate recommendations for practical use.

4. Materials and methods of research

Let’s consider an alternative scheme of gyroscopes that 
has two laser gyroscopes (LG) with a vibration-type stand 
and two accelerometers. In contrast to the circuit, it uses LG 
with dither device, sensor sensitivity axes are located at an 
angle to the vertical axis and the whole block rotates about 
the vertical axis so that the role of dither device in LG plays 
rotations with a constant speed. Under these conditions, a 
significant part of the high-frequency components will be 
absent in the LG measurements, which arises in the “normal 
conditions” as a result of a mechanical dither device. Thus, 
the LG rotation factor makes it possible to reduce the noise 
level in gyroscopic measurements in comparison with the 
traditional scheme of using similar gyroscopes, which in the 
end should improve the accuracy of determining the course 
for the same duration of the session. Taking into account the 
mobility of the LG unit during the measurement let’s call 
this gyrocompass dynamic.

Let’s describe the proposed construction of a dynamic 
gyrocompass.

The instrumental composition (Fig. 1) contains two LGs 
and two accelerometers (AA) located on the platform, for a 
measurement session, approximately horizon. The LG and 
AA block located on it with the help of the engine can rotate 
about an axis normal to the platform at a given speed.

The sensitivity axes (SA) of the LG form nominally 
defined angles with the platform and, respectively (positive 
count upwards). LG projections on the platform are mutually 
orthogonal. The sensitivity AA axes coincide with the SA LG.

The angle of rotation of the LG-AA block relative to the 
so-called “zero reference”, reproducing the direction of the 
line of sight, is measured by a non-gyroscopic angle-of-rota-
tion sensor (ARS).

 
 

SA of the 1st LG and AA

SA of the 2nd LG 
and AA 

 

Horizontal 
platform 

 
Vertical axis 

 
The SA projection of the 

first LH in the initial state. 
Corresponds to the zero 
position of the relative 

rotation of the LG-AA unit

 
North direction 

 

SA projection of 
the  

2nd LG in the 
initial state 90°

α1α2

 
Angular rotation 

speed of the  
LG-AA block 

 

Required angle of 
h

Fig. 1. Illustration for the construction of a dynamic gyrocompass
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After switching on the device for a short time, one turn of 
the LG-AA unit takes place with a fixation of the fixed posi-
tion (for 5 seconds) every 45° for accelerometers to measure 
the possible precession of the rotation axis of the platform. 
According to these data, the dependences of the deviation 
angles from the horizontal plane

α θ = α + dα θ1 1 1( ) ( ),H  

α θ = α + dα θ2 2 2( ) ( ),H

in which α1 ,H  α2
H  – the nominal values of the angles; dα1, 

dα2  – small deviations of the actual values of the angles from 
the nominal, resulting from inaccurate platform horizon and 
possible precession of the rotation axis; θ – the angle of the rel-
ative rotation of the LG-AA block around the axis of the plat-
form, measured with the ARS help. Further, these dependen-
cies are used in the processing of gyroscopic measurements.

After making the first turn without stopping in the 
initial position (to exclude the acceleration section), the LG-
AA unit rotates with a nominal constant speed ν. Starting 
from the moment of passing through the “zero reference” 
point, processing of LG measurements is carried out at the 
real-time tempo. After each complete turnover, controlled 
by the ARS, the sum of all previous measurements is used to 
estimate the value of the heading angle ψ of the line of sight.

In order to justify the data processing algorithm, let’s 
construct a model of LH measurements in the described 
conditions.

Let the SA of the first LG and its projection to the 
horizontal plane in the initial state corresponds to the zero 
reference angle of the relative rotation and forms the head-
ing angle ψ to be determined with northward direction. 
When LG rotates around the axis of the platform at a given 
speed (positive direction is “clockwise”), the instantaneous 
measurements of the first LG can be represented in the form

Ω = Ω ⋅ ψ + ν ⋅ α θ + Ω ⋅ α θ -

-ν⋅ α + dΩ + dΩ ψ + ν + ξ
1 1 1

1 1 1 1

( ) cos( ) cos ( ) sin ( )

sin ( ) ( ),
N h

H M

t t

t t   (1)

where Ω = Ω⋅ φcos ,N  Ω = Ω⋅ φsinh  – projections of the an-
gular velocity of the Earth’s rotation on the northern and 
vertical axes of the local geographic coordinate system (SC); 
dΩ1  – quasistationary component of the measurement 
error of the 1st LG; dΩ1

M  – the magnetic component of 
the measurement error, depends on the current azimuth 
ψ + ν⋅ ;t  t – the current time, which is counted from 
the moment of the first passage of the “zero reference” 
point; α θ1( ),  α θ2( ) – the dependence of the angles be-
tween the SA LG and the horizontal plane on the angle 
of relative rotation θ = ν⋅( ) ,t t  obtained at the initial 
stage of the work on the AA measurements; ξ1( )t  – 
measurement noise of the 1st LG.

Thus, in (1) the first term is the contribution of the 
northern component of the Earth’s rotation speed at 
a variable rate, which changes as a result of unit rota-
tion. The second term is the projection of the vertical 
velocity of the Earth’s rotation on the SA. The third 
term is the contribution of the relative rotation speed of 
the platform. The fourth term is a constant and slowly 
drifting LG (the characteristic time for estimating the 
rate of change is the period of revolution). The fifth 
term is the magnetic component of the drift, the mag-
nitude of which depends on the current SA azimuth.

For the second LG, the measurement model is similar:

Ω = -Ω ⋅ ψ + ν ⋅ α θ + Ω ⋅ α θ -

-ν⋅ α + dΩ + dΩ ψ + ν + ξ
2 2 2

2 2 2 2

( ) sin( ) cos ( ) sin ( )

sin ( ) ( ).
N h

H M

t t

t t   (2) 

The meaning of the variables is the same as for (1), but 
they are attributed to the second LG.

The measurements are carried out and processed on a 
computer with a sufficiently high refresh rate, for example 
1000 Hz.

Thus, the formulation of the problem of determining the 
course under these conditions is the following: having updat-
ed measurements (1), (2), as well as latitude, relative rotation 
speed ν (it can be refined from the measurements by means 
of the ARS of the actual angle θ = ν⋅ t  of relative rotation), 
and the angles α θ1( ),  α θ2( ),  dependences are necessary 
calculate the angle ψ. In this case, the angle ψ corresponds 
to the angle between the direction to the north and the “zero 
reference” of the platform (Fig. 1).

Let’s obtain the calculation formulas for the method of 
solution.

To isolate the initial phase of the useful signal, is the first 
term in (1), (2), algorithmically multiply the measurements 
Ω1( )t  (1) by ν α θ1cos( ) / cos ( ),t  and measurements Ω2( )t  
(2) by ν⋅ α θ2sin( ) / cos ( )t  and subtract them from the first 
expression:

Ω ⋅ ν α θ - Ω ⋅ ν α θ =
= Ω ⋅ ψ + ν ⋅ ν + ψ + ν ⋅ ν +

+Ω ⋅ α θ ⋅ ν - α θ ⋅ ν -

-ν⋅ α α θ ⋅ ν +

+ν⋅ α α θ ⋅ ν +

+dΩ ⋅ ν α θ -

1 1 2 2

1 2

1 1

2 2

1 1

cos( ) / cos ( ) sin( ) / cos ( )

(cos( ) cos( ) sin( ) sin( ))

( ( ) cos( ) ( ) sin( ))

(sin / cos ( )) cos( )

(sin / cos ( )) sin( )

cos( ) / cos ( )

N

h

H

H

t t

t t t t

tg t tg t

t

t

t dΩ ⋅ ν α θ +

+dΩ ⋅ ν α θ - dΩ ⋅ ν α θ +
+ξ ⋅ ν α θ - ξ ⋅ ν α θ

2 2

1 1 2 2

1 1 2 2

sin( ) / cos ( )

cos( ) / cos ( ) sin( ) / cos ( )

( ) cos( ) / cos ( ) ( ) sin( ) / cos ( ).

M M

t

t t

t t t t  (3)

The second line of expression (3) contains the cosine of 
the difference and is reduced to the form Ω ⋅ ψcos .N  Let’s 
integrate (3) for the period of relative rotation, that is, on the 
time interval = π ν2 / ,T  for which LG-AA block completes 
the complete revolution:

( )

( )

( )

( ) ( )

1 1 2 2
0

1 2
0

1 1 2 2
0

1 1 2 2
0

cos( ) / cos ( ) sin( ) / cos ( ) d

cos ( ) cos( ) ( ) sin( ) d

sin cos( ) / cos ( ) sin sin( ) / cos ( ) d

cos( ) / cos ( ) d sin( ) / cos ( ) d

T

T

N h

T
H H

T

t t t

T tg t tg t t

t t t

t t t t

Ω ⋅ ν α θ - Ω ⋅ ν α θ =

= Ω ⋅ ⋅ ψ + Ω ⋅ α θ ⋅ ν - α θ ⋅ ν -

-ν⋅ α ⋅ ν α θ - α ⋅ ν α θ +

+dΩ ⋅ ν α θ - dΩ ν α θ

∫

∫

∫

∫

( )

( ) ( )

( ) ( )

( )

0

1 1 2
0

2 1 1
0 0

2 2 1 1
0 0

2 2
0

cos( ) / cos ( ) d

sin( ) / cos ( ) d cos( ) / cos ( ) d

sin( ) / cos ( ) d ( ) cos( ) / cos ( ) d

( ) sin( ) / cos ( ) d . (4)

T

T

T T
M

T T
M

T

t t

t t t t

t t t t t

t t t

+

+dΩ ⋅ ν α θ - dΩ ×

× ν α θ + dΩ ⋅ ν α θ -

- dΩ ⋅ ν α θ + ξ ⋅ ν α θ -

- ξ ⋅ ν α θ

∫

∫

∫ ∫

∫ ∫

∫
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The value of the period is controlled by the actual time of 
completion of the full turnover, fixed by the ARS.

With (4) let’s obtain the formula for definition:

  Ω ⋅ ν α θ -
  -Ω ⋅ ν α θ -  
  -Ω ⋅ α θ ⋅ ν -  ψ = ⋅ -  Ω ⋅ - α θ ⋅ ν +   +ν⋅ α ⋅ ν α θ -   - α ⋅ ν α θ   

dΩ
-

Ω ⋅

∫

1 1

2 2

1

0 2

1 1

2 2

1

cos( ) / cos ( )

sin( ) / cos ( )

( ( ) cos( )1
cos d

( ) sin( ))

(sin cos( ) / cos ( )

sin sin( ) / cos ( ))

T
h

N

H

H

N

t

t

tg t
t

T tg t

t

t

T
( )

( )

( )

( )

( )

( )

⋅ ν α θ +

dΩ
+ ⋅ ν α θ -

Ω ⋅

- dΩ ⋅ ν α θ +
Ω ⋅

+ dΩ ⋅ ν α θ -
Ω ⋅

- ξ ⋅ ν α θ +
Ω ⋅

+ ξ ⋅ ν α θ
Ω ⋅

∫

∫

∫

∫

∫

∫

1
0

2
2

0

1 1
0

2 2
0

1 1
0

2 2
0

cos( ) / cos ( ) d

sin( ) / cos ( ) d

1
cos( ) / cos ( ) d

1
sin( ) / cos ( ) d

1
( ) cos( ) / cos ( ) d

1
( ) sin( ) / cos ( ) d .

T

T

N

T
M

N

T
M

N

T

N

T

N

t t

t t
T

t t
T

t t
T

t t t
T

t t t
T

(5)

And the first integral is calculated by the current mea-
surement, and all subsequent components are unknown, they 
have to be ignored and make up the error of the method.

Let’s discuss the components of the error.
1. If α θ1( ),  α θ2( )  on the reverse vary slightly, that is, 

they can be considered constants, then

( ) ( )ν α = ν =
α∫ ∫1

10 0

1
cos( ) / cos d cos( ) d 0,

cos

T T

t t t t

( ) ( )ν α = ν =
α∫ ∫2

20 0

1
sin( ) / cos d sin( ) d 0,

cos

T T

t t t t

that is, the contribution of a systematic and slowly varying 
drift is absent. In addition, the formula for the calculated in-
tegral is also simplified. Only the first line of the expression 
in square brackets remains under the integral sign.

2. Under the same conditions, let’s consider the effect of 
the magnetic component of the drift. The vector of magnetic 
induction can be written in the form of a sum of two com-
ponents: vertical hB  and horizontal .gB  When SA rotation 
around the vertical axis (Fig. 1), the projections of the com-
ponent hB  on the SA and other axes connected with the LG 
do not change. So, the magnetic component hB of the drift 
from hB  is the constant dΩ =10 const.M  The projections of the 
horizontal component gB  on the axes connected with the 
LG vary periodically. Therefore, formally, the effect of gB  on 
the drift during SA rotation can be represented in the form

dΩ ⋅ µ + ν11 0cos( ),M t  

where dΩ11 ,M  µ0  – some amplitude and initial phase. Thus, 
let’s write

dΩ = dΩ + dΩ ⋅ µ + ν1 10 11 01cos( ).M M M t

Then the integral can be taken analytically: 

( )
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For the second gyroscope, carrying out similar argu-
ments:

( )
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Thus, the error of the method is affected by the amplitude 
of the magneto-solid drift from the horizontal projection of 
the magnetic induction vector. The degree of such sensitivity 
is determined by the quality of the LG magnetic insulation.

3. It is not possible to estimate the contribution of noise 
components. It can only be asserted that it can be compared 
with the contribution of noise in the implementation of the 
traditional scheme of the DGC method.

Thus, the terms discarded in (5), are a methodological 
error, and correspond to expression

( )
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t t t
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in which the first two terms correspond to the magnetic 
component of the drift and are determined by the amplitude 
of its change from the horizontal component of the magnetic 
induction vector when the gyroscope rotates about the ver-
tical axis. The last two terms characterize the contribution 
of noise. It can be seen that the contribution of noise is 
minimal at α = α =1 2 0.  However, it is impossible to realize 
zero angles, according to the accepted concept of replacing 
the LG dither device by rotation with a constant angular 
velocity, since there will be no effect of rotation on the LH 
measurement process.
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Let’s return to the obtained formula (5) that allows 
to calculate ψcos .  To avoid ambiguity in determining 
the heading angle ψ from the cosine, it is possible to ob-
tain an analogous formula for estimating ψsin .  To do 
this, let’s algorithmically multiply the measurements ψcos . 
(1) by - ν α θsin( ) / cos ( ),  and measurements (2) by 

ν⋅ α θ2cos( ) / cos ( )t  and subtract from the first expression. 
As a result, let’s obtain an expression for the ψsin  evalua-
tion similar to (5):

  -Ω ⋅ ν α θ -
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As for ψcos  calculation, the first line is, in fact, an algo-
rithm, and the following constitute a methodological error. 
All qualitative conclusions concerning the contribution of 
various components to the total error made for the formula 
(5) are valid here.

5. Results of studies of the developed method for 
determining the course angle

Summarizing the method for determining the course an-
gle in a dynamic gyrocompass, let’s formulate an algorithm 
for data processing.

The input data of the algorithm is the elementary mea-
surements of LG and AA. Measurements are also made of the 
angle of relative rotation θ and the estimate of the rotation 
speed ν.

The algorithm is a sequence of operations:
1) the first 360° rotation takes place to determine the 

dependencies. For this purpose, at 8 angular positions, 
differing by 45°, the stationary state is realized, and the 
angles α1,  α2. are determined from the AA measurements. 
Then, the sinusoidal dependence of these angles on the 
angle of relative rotation θ is calculated by approximating 
them;

2) in the further rotation with the frequency of up-
dating the measurements Ω1( ),t  Ω2( )t  in real time, the 
variables
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and accumulate taking into account the step of numerical 
integration ∆t:

= + ⋅ ∆1 1 1 ,S S s t

= + ⋅ ∆2 2 2 ;S S s t

3) at the end of the full turnover, the variables are cal-
culated

ψ =
Ω ⋅

1 ,C
N

S
T  

ψ =
Ω ⋅

2 ,S
N

S
T

where T – the total duration of data accumulation until the 
moment of fixation of the next full turn of the platform is 
fixed with the ARS measurements.

If ψ ≤ 0,707,S  than

ψ ψ >
ψ = π - ψ

arcsin( ), if 0,

arcsin( ) or.
S C

S

If ψ > 0,707,S  than

ψ ψ >
ψ = - ψ

arccos( ), if 0,

arccos( ) or;
C S

C

4) the algorithm, starting from the second point, is 
repeated until the end of the session. The last estimate is 
formed at the time of the next full turnover.

Variables Т, S1, S2 are reset once, only at the beginning 
of the session.

To test the hypothesis on improving the results of gyro-
compassing in the case where the LG dither device is absent, 
an experiment is conducted in which the LG block is forced 
to rotate about the vertical axis at a speed of 20 °/sec. The 
purpose of the experiment is collection of measurements 
obtained with LG dither device and without dither device. 
The collected measurements are processed according to the 
developed method.

The results of the treatment are shown in Fig. 2, where 
the number of full revolutions of the block is plotted along 
the horizontal axis, and the value of the heading angle along 
the vertical axis is determined from the obtained measure-
ments. It should be noted that the true value of the angle is 
164.18°.

The thin line (row 1) corresponds to the case with LG 
dither device, thick (p 2) – without it. From the graph  
(Fig. 2), it can be seen that the convergence of the course 
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estimate in the second case is much better than for the LG 
dither device, which confirms the hypothesis proposed for 
reducing the noise level in the LH measurements when ro-
tating the dither device by rotation.

Fig. 2. The results of the method of dynamic gyrocompassing 
in cases with LG dither device and without it, depending on 

the number of full revolutions

6. Discussion of the gyrocompass simulation results

From the results of modeling the work of the gyrocompass 
of the proposed design, it is seen that the rejection of LG 
dither device, firstly, helps to reduce the spread of course esti-
mates in comparison with the traditional scheme of using LG; 
second, it accelerates the convergence of the result; and third, 
I increase the accuracy of the course determination at LG the 
same duration of the session. The explanation of these positive 
effects is as follows. Reducing the spread of the result and ac-
celerating its convergence is a consequence of a decrease in the 
noise level in the initial measurements in the absence of dither 
device. This fact contributes to a better averaging of the noise 
component, which is realized by numerical integration ac-
cording to the formulas of point 2 of the algorithm. The main 
reason for the increase in the accuracy of the gyrocompass in 
the absence of dither device, in comparison with its case, ap-
pears in the fact that for the second case there was not enough 
time devoted to the accumulation and averaging of the data.

This is a great advantage of this method, so its use is 
quite appropriate. At the same time, the given graph (Fig. 2) 
also shows the presence of the last gyrocompass error, in part 
can be attributed to the lack of the proposed method.

For a better understanding of the problem, let’s cite pos-
sible sources of error in the method and previous estimates 
of their significance:

– the magnetic component of drift – the significance is 
determined by the magnitude of the variability of the drift 
from the azimuth;

– noise component – its influence, as the simulation 
shows, does not exceed the influence of noise in the tradi-
tional method of DGC;

– precession and non-rotation of the axis of rotation – 
the effect is compensated to some extent by averaging over 
the period of rotation;

– the error in measuring the angle of relative rotation 
and the cut-off of the moments of time when the total turn-
over is realized.

But in view of the fact that now there are precision 
encoders that can be used as ARC and realizing in the tech-
nique a high frequency of surveying and data processing, the 
error from these factors can be neglected.

Further development of the study may concern the 
following aspects. First, formalization and quantitative 
analysis of the errors of this method, identifying the most 
influential factors and discussing the possibility of overcom-
ing them. Secondly, in the formation of requirements for the 
required characteristics of accelerometers, gyroscopes, the 
sensor is the angle of rotation, based on the requirements for 
the device as a whole. Thirdly, the optimization of the gyro-
compassing parameters, in particular, the rotation speed and 
the polling frequency of the sensors, by the criterion of the 
accuracy of the operation. Finally, certain elaboration is re-
quired and constructive and technological issues of proposed 
manufacturing gyroscopes.

7. Conclusions

1. A new design of a dynamic gyrocompass, based on 
optical gyroscopes with a rejection from dither device, is 
proposed. The normal LG operation with this solution is 
provided by forcibly rotating the optical contours of the 
gyroscopes.

2. The corresponding dynamic LG model for measurements 
in DGC is constructed, which takes into account the vari-
able geometry of the structure; quasistationary, azimuthally 
dependent and stochastic components of error. With a look 
at the proposed design, a measurement procedure for such a 
gyrocompass and an algorithm for processing them with a view 
to obtaining an azimuth estimate has been developed. Unlike 
well-known algorithms used in static gyrocompasses, it per-
forms high-frequency processing of the current measurement 
variables of two LGs in which the dither device is replaced by a 
controlled rotation of the optical circuits. This technology has 
made it possible to improve the autocompensation of the qua-
si-stationary component of the error; to reduce the sensitivity of 
the azimuth estimate to the effect of an external magnetic field, 
which ultimately led to an increase in the accuracy of determin-
ing the azimuth using a dynamic gyrocompass. Reducing the 
noise level due to the failure of the stand, increased the rate of 
convergence of the current estimate to the true value.

3. Semi-detailed computer simulation of the developed 
method for the use of dynamic gyroscopes show significant re-
duction (by an order of magnitude) of the noise level in the LG 
measurements when the dither device is replaced by rotation.

4. The advantages of dynamic gyrocompass are deter-
mined, namely, potentially high accuracy of operation. That 
is, refusing dither device, it is possible to reduce the noise 
level of the laser gyroscope. It is also better to compensate 
for the effect of a slowly changing drift (enough that drift 
changes are not significant during the rotation period, that 
is, 30–50 s). And the magnetic component of drift is better 
compensated, if it is.
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