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Abstract—The control features of the small-dimension precision autonomous navigation system for marine 
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Index Terms—Gimbaled system; precision autonomous navigation system; control moments; operating 
modes. 

I. INTRODUCTION 
Development of marine vehicles causes rigid re-

quirements to navigation systems, which provide the 
vehicle attitude and heading determination. Such 
systems must have improved functional possibilities 
and decreased mass and dimensions at the same time. 
There are known two types of systems used for vehicle 
navigation such as gimbaled and strapdown ones. 
Systems of both types are based on principles of iner-
tial navigation. Unbounded field of application, high 
noise-immunity, autonomous determination of navi-
gation parameters, high accuracy in conditions of 
limited operation time are advantages of such systems.  

Nowadays strapdown systems are the most 
widespread in navigation. The gimbaled systems are 
used only in the cases, when the main purpose is 
achievement of the highest accuracy in conditions of 
autonomous operation. 

Disadvantages of gimbaled systems are increasing 
of errors with time that needs using the correction 
devices, complexity, the necessity employing the 
high-precision measuring devices, the high design 
and maintenance cost, and, at last but not at least, the 
highly qualified personnel is required to service this 
equipment. 

Although gimbaled navigation systems have some 
advantages such as relatively simple algorithms for 
processing the attitude and the linear acceleration data; 
high accuracy, caused by the comfortable conditions 
of operation of the measuring devices, since they are 
mounted at the gyrostabilized platform but not directly 
at the case of the object [1]. This paper deals with 
gimbaled inertial navigation systems, which are able to 
provide autonomous precision determination of the 
attitude and heading of the marine vehicle. 

One of the ways for creating an effective precision 
autonomous course system is usage of the dynami-
cally tuned gyros, which differ by their low mass, size 
and power consumption. Therefore, their usage can 
improve the operation characteristics of the system in 
comparison with traditional electro-mechanical gyros 

and reduce the system cost. Taking into account 
constantly growing requirements to system mass and 
dimensions reduction, it is convenient to use a plat-
form with two-axes gimbals instead of the traditional 
three-axes gimbals. Usage of the dynamically tuned 
gyros and two-axes gimbals for navigation problem 
solving has some peculiarities relative to control 
implementation. 

II. STATEMENT PROBLEM 
The researched system represents a two-axes 

gimbaled platform with mounted on it navigation 
sensors such as two dynamically tuned gyros and two 
accelerometers. These gyros carry out functions of 
the vertical gyro and directional gyro correspon-
dingly. The principal axis of the vertical gyro is 
aligned in the direction of the local vertical line by 
means of accelerometers. The integral correction is 
used to make the system undisturbed by the external 
accelerations caused by the vehicle motion. The 
directional gyro is mounted on a rotary device which 
is stabilized in the given plane by the signals of the 
vertical gyro. The directional gyro can be used as a 
pointer of motion direction if stabilization of a plat-
form is provided in the plane of the meridian. The 
scheme of the studied system is represented in Fig. 1. 

Considerable attention to peculiarities of usage of 
the dynamically tuned gyros used in systems of such 
type is given in [1], [2]. Features of two-axis gim-
baled system for attitude and heading determination 
are analyzed in [3]. But peculiarities of control and 
correction moments forming still need detailed de-
scription. 

Such peculiarities first of all are represented by 
separation of control and correction functions. Con-
trol by location of the vertical gyro principal axis is 
implemented by signals of accelerometers. 
Stabilizing engines provide agreement of position of 
normal to the stabilized platform with the direction of 
the dynamically tuned gyro rotor. Such division of 
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In the mode of “switch on” the computing device 
tests are carried out and the signals “norms” are 
analyzed. If results of these checks are negative, the 
information about failure is forming.  

In the mode of previous leveling the platform is 
set in the plane of the local horizon by signals of 
accelerometers, taking into consideration known 
values of the temperatures drifts and systematical 
errors 
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where yx AA ,  are accelerometers signals; sysysysx aa ,  
are values of the systematical errors (drifts); ytxt aa ,  
are values of the temperature drifts. 

Forming of the control moments applied to the 
platform torque motors by the axis ,x y  is imple-
mented based on (1) in the following way 
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where 21,kk  are gains; t / , t /  are an-
gular rates of turns by the longitudinal and lateral 
axes of the platform and of the marine vehicle cor-
respondingly (such mutual location of the vehicle and 
of the course system platform is provided before 
system operation); t  is time of the platform turn. 

Finally, control currents are defined based on the 
expressions (2) 
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where tmk  is a gain slope of the torque motor cha-
racteristic. 

The mode of calibration of the vertical gyro is 
carried out against a background of the previous 
leveling mode. Calibration is based on turns of the 
rotary unit, on which the vertical gyro is mounted, 
under action of the control moments forming in the 
computing device. These moments provide rotation 
of the platform with the angular rate giv = 2deg/s. 
During this rotation measurements of the Earth an-
gular rate projections onto the measuring axes of the 
vertical gyro ( yx  , ) are carried out at instants of 
time corresponding to turns of the platform at angles 
0 ,10 ,...,360   . Calculation of the vertical gyro drifts 

dr , dr  during calibration is carried out by the 
following algorithm 
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After stopping the vertical gyro calibration against 
a background of the previous leveling mode the 
calibration of the directional gyro is implemented. In 
this mode the platform is rotated with the angular rate 
1 deg/s under action of the control moment forming 
in the computing device. At the fixed instants of time 
(90 s, 180 s, 270 s correspondingly) the values of the 
angles   are measured and appropriate values of the 
drifts and errors of the angles   measurement are 
calculated.  

After termination of calibration the directional 
gyro begins to carry out the mode of the initial 
alignment. In this mode the turn of the directional 
gyro sensitivity axis in the direction of the meridian 
plane is implemented. 

Calculation of the angle of misalignment between 
the directional gyro sensitivity axis and the meridian 
plane is carried out by the components of the Earth 
angular rates, measured by the vertical gyro. As in 
this course system the dynamically tuned gyro as a 
vertical gyro is used, such measurements require to 
switch this device in the mode of the angular rate 
measurement. In this case location of the platform 
relative to the geographical reference frame will be 
estimated by values of projections of the vector of the 
Earth angular rate   onto the horizontal plane  

yxpk  /tg .                          (5) 

As a rule, for course systems of such type, ten 
measurements are carried out during three minutes 
and average values of angular rate ,x y   and angle 

pk  using (5) are calculated. 
Direction of rotation of the directional gyro on the 

angle pk  is defined by the relationships 
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Turn at the angle pk  is implemented by the rotary 
unit, on which the directional gyro is mounted. Ter-
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mination of the turn may be determined using rela-
tionships 

o
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           180   for  0.
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After termination of the initial alignment the mode 
of the precise leveling of the platform becomes 
functioning. In this mode the vertical gyro based on 
the dynamically tuned gyro is switched on in the 
mode of the angle measuring instrument. 

Precise leveling of the platform is implemented by 
the algorithm of the non-disturbed inertial vertical 
with the integral correction. The control moments, 
which are applied to the platform stabilizing engines, 
are determined by the following expressions 
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where 2121 ,,, rrstst kkkk  are transfer constants, gg  ,  
are angles of the pitch and roll entering from the 

vertical gyro; 1kkg g
g t
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is time of the control cycle. 
The correction moments in the precise leveling 

mode are defined by the necessity to carry out the 
integral correction, which provides non-disturbance 
of the vertical. The moments of the integral correc-
tion are described by the following formulas 
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where 1H  is the kinetic moment of the vertical gyro; 

2 1,R R  are the principal radiuses of the Earth ellipsoid 
curvature in the meridian plane and perpendicular to 
it plane; 

xx
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where '' , yx AA  are phantom accelerations of the plat-

form, yyxx WWWW 2121 ,,,   are  corrections due to 
action of the acceleration of translation and the Cori-
olis acceleration calculated in the computing device. 

The correction moments due to the Earth rotation 
may be determined by the expressions 
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The correction moments compensating the sys-
tematical components of the vertical gyro drift are 
calculated in the computing device by the formulas 

drdrx kM  13 ;    3 2y dr drM k  ,          (12) 

where 121 Hkk drdr  . 
The moments of correction by the external in-

formation (from the log) may be determined using the 
relationships 
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where 21, ll kk  are the transfer constants by the log 
information. 

The correction moments, which are forming in the 
computing device and entering to the torque motors of 
the vertical gyro based on expressions (9) – (13), are 
determined in the following way 
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Setting of the directional gyro sensitivity axis in 
the direction of the meridian is implemented by the 
turn under action of the control moment 

 21 kkM A ,                      (15) 

where 21, kk  are transfer constants. 
The correction moments for the directional gyro 

are formed in the computing device in the following 
way 
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where 1 10 ;x AM k   1 11z AM k    are components 
of the pendulum and damping moments based on 
information about deviation of the directional gyro 
from the platform; 2 12 / ;x yM k A g  gAkM yz /132   
are components of the pendulum and damping mo-
ments based on accelerometers signals; 
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are moments correcting influence of the Earth rota-
tion and the vehicle motion. 

Decrease of the time of the directional gyro setting 
to the meridian plane may be ensured due to change 
of the transfer constant of the damping moment. 

The studied course system may operate in the 
modes of the gyro compass, gyro azimuth and 
short-time precision gyro azimuth depending on the 
given control command, which enters from the 
computing device. The main task of the course sys-
tem operation in all these modes is ensuring of the 
platform angular rates corresponding to the angular 
rates of the geographical reference system turns 
taking into consideration the Earth diurnal rotation 
and the vehicle motion [7] 
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Solving of this task provides comfortable condi-
tions for operation of the vertical gyro and the direc-
tional gyro. 

Taking into consideration that in the studied 
course system the platform is oriented relative to the 
vehicle trajectory reference frame and correspon-
dingly is turned with the vehicle course change, the 
projections of the platform onto its own axes taking 
into consideration (17) may be defined by the fol-
lowing expressions 

 sincos ygxgx ; 

 cossin ygxgy ; 
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The vehicle object linear speeds EN vv , in the 
geographical reference frame may be described by 
the following formulas 
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IV. SIMULATION RESULTS 

Results of studied system simulation are shown in 
Figs 3 – 5 [8]. 

Above stated relationships (3), (4), (6) – (8), 
(14) – (16) are used for forming of the moments by 
control the vertical gyro and directional gyros that 
provides non-disturbance and damping of the system. 

 
Fig. 3. Stabilization of the platform under influence 

of sea regularities 

 
Fig. 4. Stabilization of the platform under influence of sea 

regularities(amplitude is 12 deg/s) 

The possibilities of integral correction are cha-
racterized by Fig. 5. 

 
Fig. 5. Operation of the system without integral correction 

under action of the vehicle accelerations 
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CONCLUSIONS 

As result of carried out researches the basic pecu-
liarities of control by the two-axes course system 
were considered. The basic operating modes of the 
system were described. The control and correction 
moments for every operating mode were derived. The 
simulation results proving efficiency of the derived 
expressions were represented. 
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