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Abstract—The paper deals with features of designing high-precision systems for stabilization and 
determination of attitude and heading reference systems. Features of the parametrical optimization are 
considered. The necessity to use the robust control laws is grounded. The mathematical model of the 
studied system in the preliminary levelling mode is represented. Simulink model of the navigation loop is 
shown. The necessity and features of the model’s linearization are explained, Basic concepts of creating 
models directed for solution of the studied problem are represented. The design process is considered on 
the example of the precision gimballed navigation system assigned for operation on marine vehicles. The 
proposed approach to problem solution is accompanied with simulation. The simulation results prove 
efficiency of the described design procedure. The obtained results can be useful for creating stabilization 
and motion control systems of the wide class. 

Index Terms—High-precision navigation system; parametrical optimization; design procedure; 
mathematical model; robust control; simulation. 

I. INTRODUCTION 

Nowadays, urgency of developing new advanced 
systems for stabilization and determination of the 
course of moving objects is growing. For some 
applications, it is necessary to ensure the very high 
precision of navigation measurements using 
gimballed navigation systems. In this case, it is vital 
to ensure high requirements and resistance to 
external disturbances. Hence, such systems should 
be synthesized while considering their quality and 
robustness. Parametric optimization should be based 
on the system’s state-space models [1], [2]. This 
approach is based on such powerful tools of 
automated optimal design of control systems as 
specialized advanced packages of MATLAB, 
namely, Control System Toolbox and Robust 
Control Toolbox [3] – [5]. To create the above-
mentioned models, it is necessary to perform 
linearization of the kinematic relations in view 
smallness of the platform’s turns [6], [7]. It is 
expedient also to ignore the difference of axial 
moments. 

Thus, a major problem of the studied system for 
stabilization and heading determination is designing 
navigational loops and optimization of control 
laws [8]. 

II. FEATURES OF PARAMETRIC OPTIMIZATION 

To create a computational procedure of the 
parametric optimization, it is necessary to take into 
account features of the designed system. Firstly, the 

studied system is an astatic system of the second 
order. So, to perform parametric optimization, it is 
necessary to determine the minimum realization. As 
a rule, such systems are characterized by sparse 
system matrices. Analysis of a system matrix shows 
that its elements can differ among themselves about 
three orders of magnitude. With this in mind, it 
makes sense to create a balanced implementation of 
the model. 

Parametric optimization is performed in two 
stages. The first stage is synthesis of control laws 
based on the state-space models using automated 
design tools. The second phase verifies the results of 
the synthesis. It is based on mathematical model 
taking into account all the nonlinearities inherent in 
real navigation systems. 

The procedure of parameters optimization 
consists of the following steps. 

1) Creating a full nonlinear model of the system. 
2) Making a mathematical description of the 

space of states to obtain the transfer function of the 
open-loop system. 

3) Getting advanced model of the stochastic 
system with the inclusion of the forming filter. 

4) Obtaining minimum realization of the model. 
5) Scaling the model based on balanced 

realization. 
6) Choosing initial values and carrying out the 

optimization by the genetic algorithm with cyclic 
performance of the steps. 
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7) Making conclusion of the ending parametric 
optimization, or it will continue with new initial 
conditions or new weight coefficients in the complex 
quality criterion. 

Consider parametric optimization on the example 
of gimballed attitude and heading reference system 
assigned for operation on marine vehicles [9] – [11]. 

III. MATHEMATIC MODEL OF SYSTEM 
IN PRELIMINARY LEVELING MODE 

For design of the system, it is proposed to use the 
model of the external moment acting on the object of 
stabilization 

dis st nom 0signM M M   ,         (1) 

where distM  is the disturbance moment; stM  is a 
constant moment acting on the object of 
stabilization; nomM  is the nominal moment of 
stabilization engine; 0  is the external angular 
velocity acting on the platform [12].  
Vector of the moving object's velocity in the 
geographic coordinate system taking into account 
the initial azimuth angle 0 0k A  is shown in Fig. 1. 
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Fig. 1. The vector of velocity in the geographic coordinate 

system 

In view of Fig. 1, expressions for the linear 
velocity tings take the form 

0cos ,NV V A  0sin ,EV V A  0sinnv v A  , 

0cos ,ev v A  0cos cos sin ,n k k kV V k l t A      

0sin cos cos .e k k kV V k l t A      
(2) 

In order to create the mathematical model of the 
system in the preliminary mode, it is necessary to 
carry out linearization of models taking into 
consideration small angles of the platform’s turns 
and neglecting axial moments (2). The external 
influences (1) must be specified by linear 
dependencies also. Note that the angles of the 
platform’s turns are really small, as in fact the 
vertical line is simulated in gimballed system. Thus, 
the linearized model of gimballed system for 
determination of attitude and heading takes the form: 
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where 1 2 3 4 5 6 7 8 9 10, , , , , , , , ,k k k k k k k k k k  are 
coefficients of control laws, 0 0 0, ,x y z    are 
external angular velocities acting on the platform. 

The model (3) can be represented in state space 
in the following way: 
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where x  is the vector of state variables, u  is control 
vector. The matrices of the state-space model are 
given below. 
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C . 

The developed state-space models are adopted 
for using in procedures of robust parametrical 
optimization. 

This is of great importance for designing systems 
operating under influence of the external 
disturbances. Usage of such an approach ensures 
calculating of H2 and H-norms, which can be used 
for assessment of precision and robustness of the 
designed system.  

The simulation results of the designed system in 
the preliminary levelling model are represented in 
Figs 1 and 2. 

 
Fig. 1. The transient process of the angle   in view of 

damping the angular velocities 1 2,    

 
Fig. 2. The output signal of the pulse-width modulator  
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IV. MATHEMATICAL MODEL OF SYSTEM IN THE 
MODE OF HEADING DETERMINATION 

An important problem in the creation of modern 
attitude and heading reference systems is the study 
of navigation contours and the optimization of 
control laws. For a system of the studied type, it is 
sufficient to use the parametric optimization, 
because a priori information about structure of 
control laws seems quite definite. There are two 
important tasks, namely: the need to simulate long-

term processes and the need to form complex control 
laws that can provide the expected accuracy. These 
circumstances require the maximum simplification 
of system device models, but all components of 
control laws are must be fully researched [13]. To 
simplify the model (see Fig. 2), it is assumed that the 
equations of motion of gyroscopes with the accuracy 
of the errors of the stabilization system coincide 
with the equations of motion of the platform [14]. 

 
Fig. 2. Simulink-model of the navigation loop 

In the navigation loop of the gyroscopic compass, 
control can be performed by means of integral 
correction, adjustment according to the information 
from the lag, as well as corrections to take into 
account the angular motion of the Earth and the 
moving object. 

To simplify the parametric optimization of the 
system for stabilization and determining of the 
course, we consider the model taking into account 
channels of azimuth and roll. Results of modelling 
are represented in Fig. 3. 

Obviously, the characteristics of the system will 
be somewhat worse in terms of real operation, as is 
proved by simulation using a model close to real 
systems. 

To design the system able for functioning in 
conditions of influence of the external disturbances, 

it is convenient to apply the robust parametrical 
optimization [4]. 

 
Fig. 3. Results of simulation 
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Efficiency of the robust parametric optimization 
is illustrated in Figs 4 and 5, where transient 
processes of non-optimized and optimized systems. 
The optimization has been based on using the 
complex criterion with H2 and H-norms of the 
deterministic and stochastic systems [4]. 

 
Fig. 4. Simulation of non-optimized system 

 
Fig. 5. Simulation of optimized system 

Results of parametric optimization such as H  
and 2H  norms for non-optimized and optimized 
systems are 17.24, 2.78 and 0.81, 0.08, respectively. 

The obtained results can be useful for designing 
navigations systems of the wide class. 

V. CONCLUSIONS 

The approaches to parametrical optimization of 
the gimballed systems for stabilization and 
determination of a moving objects attitude and 
heading are represented. 

Mathematical models of the system in the 
preliminary levelling mode is represented. 

Simulink model of the system in the mode of 
attitude determination is represented. 

Simulation results in the form of the transient 
processes are given. Results of the robust 
parametrical, optimization are represented. 
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О. А. Сущенко. Особливості проктування високоточних систем стабілізації та визначення просторової 
орієнтації та курсу  
У статті розглянуто особливості проектування високоточних систем стабілізації та визначення просторової 
орієнтації та курсу. Розглянуто особливості параметричної оптимізації. Обґрунтовано необхідність використання 
робастних законів управління. Представлено математичну модель досліджуваної системи в режимі попереднього 
горизонтування. Показано Simulink модель навігаційного контуру. Пояснені необхідність та особливості 
лінеаризації моделі, представлені основні концепції створення моделей, спрямованих на вирішення 
досліджуваної проблеми. Розглянуто процес проектування на прикладі точної платформної навігаційної системи, 
призначеної для експлуатації на морських рухомих об'єктах. Запропонований підхід до вирішення проблеми 
супроводжується моделюванням. Результати моделювання підтверджують ефективність описаної процедури 
проектування. Отримані результати можуть бути корисними для створення систем стабілізації та керування 
рухом широкого класу. 
Ключові слова: високоточна навігаційна система; параметрична оптимізація; процедура проектування; 
математична модель; робастне керування; імітаційне моделювання. 
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