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I. INTRODUCTION 

During the estimation of the control quality and 
choosing the regions of exploitation regulations of 
the stabilization systems of inertial control objects, 
working on a movable base, it is disallowed only to 
take into account the quality rates, which characte-
rizes the reaction of the system only on previously 
chosen custom external action. 

It is known [1] that the processes of changing of 
the amplitude, speed and acceleration of mobile bases 
when moved by terrain are random stationary 
process, which are dependent from road cutting, its 
quality, and also from dynamic properties of suspen-
sion, rates of motion etc. It was understood [2] that 
according to structural analysis of control objects, 
that external disturbance moments, which may act on 
stabilization systems, are functionally dependent 
from parameters of fluctuation of a base. 

Control signals, formed by the operator at the 
input of the stabilization system, during targeting a 
control object or tracking the objects of observation, 
are also random functions of time. It is stipulated by 
the randomicity of the relative movement of movable 
base and the object of observation. In result, the 
operator creates a random control signal at the input 
of system in order to offset errors of aiming.  

Consequently, control signals of operator, acting 
on a stabilization system of a control object, that 
works on a movable base, as well as external per-
turbations are random functions of time. Thus, it is 
necessary to use statistical methods to evaluate the 
response of the automatic control system on external 
perturbations and operator commands. 

II. SOLUTION OF THE PROBLEM  

The analysis of the stabilization systems shows 
that the systems which are different by the construc-

tion have the same structure and the same transfer 
functions. This makes us to observe the approach to 
their analysis on the generalized structural scheme 
[3], which is shown at the Fig. 1. 
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Fig. 1. The generalized structural scheme of the stabiliza-
tion system 

The following designations are accepted in 

structural scheme:    
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co
co 1
kW s

T s



 is the transfer 

function of a control object; ds regG k k  is the stiff-
ness of a system which is considered by the gain 
coefficient of the deflection sensor dsk  and the reg-
ulator regk ; sds regD k k  is the damping of a system 
which is considered by the gain coefficient of the 
speed deflection sensor sdsk and regulator reg ;k  

 yM s  is the total disturbing moment which im-

pacts on the control object; SM is the moment of 
stabilization;  R s  is the control signal which is 
formed by an operator. 

The spectral densities of the moments of forces, 
which are formed by an operator at the input of the 
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deflection sensor, are shown at the Fig. 2. Characte-
ristics are measured during the middlecross-country 
motion. The spectral densities analysis shows that 
operator is able only to elaborate the most 
low-frequent part of external disturbances since its 
pass band is limited by the frequency of 6 rad/s 
(1 Hz). 
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Fig. 2. The spectral densities of the moments of targeting, 

which are formed by an operator  

Most effectively operator fulfills external distur-
bances, the frequency of which is less than 3 rad/sec 
(less than 0.5 Hz). Therefore, in real terms, the oper-
ator can compensate the deviations caused by goings 
of gyro angle sensor, low-frequency disturbances, 
caused by changes in azimuth movement of the ob-
ject on the ground. The deviations, caused by 
high-frequency part of the spectrum of perturbations, 
the operator can not compensate physically. 

From the theory of random processes and statis-
tical dynamics it is known that the connection be-
tween the spectral density  S   of a random signal, 
acting on the input of the linear system and the spec-
tral density  osS   of the output signal is formed by 
the correlation: 

      2
osS S W j    , 

where  W j is the amplitude-phase-frequency 
characteristic of the system regarding to observed 

input;    
0

2 cosS R d


    
   

is a spectral density 

of the input signal. 
If the spectral density of the output signal  osS   

is known, it is possible to detect its dispersion 

 os
0

,D S d


    

as well as corresponding to it mean-squared error 
(MSE), 

, D   

which is a criterion of the quality of the system upon 
addition to its input a random signal. 

Therefore, to calculate the dispersion D  or mean 
square error   of the stabilization system is neces-
sary to know the spectral density of the total dis-
turbing moment and the corresponding ampli-
tude-phase-frequency response of the system. 

In case when the system has several input signals 
according to the principle of superposition the spec-
tral density at the output of the system must be de-
termined by taking into account each of the compo-
nents and their cross correlation 
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where  12S  and  21S  are spectral densities of 
cross correlated input signals;    1 1W j W j    

and  2 2W W j     are complex conjugates func-
tions of the amplitude-phase-frequency characteris-
tics of the system relatively to observed input signals. 

When performing engineering calculations of 
accuracy of stabilization systems generally believe 
that fluctuations of the base in different planes are not 
correlated with each other. Also assumed that there is 
no cross-correlation between operator control signals 
and fluctuations of base. Sometimes, in order to 
simplify the calculations all input signals with the 
help of preliminary structural transformation are 
leaded to any one input and their total spectral density 
is calculated. 

In determining the accuracy of the stabilization 
system usually considered that the operator signal is 
zero, and the gyroscopic sensor angle is ideal (pre-
determined angle pa const  ).  

Stability error is defined as the result of impact on  
the control object the total disturbing moment. De-
termination of the spectral density of the total dis-
turbing moment is produced by the known spectral 
densities of fluctuations base and under known 
structural links between disturbing moment and 
angular fluctuations of the base. 

For stabilization system of inertial control object, 
operating on a movable base, determining of the 
spectral density of total disturbing moment, which is 
the geometric sum of a number of components, is 
very difficult. The task is simplified by using the 
principle of superposition. 
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According to the structural diagram in Fig. 1, we 
have 

1 2 3 imby q jM M M M M M        , 

where qM  and mbj iM are moments of static and 
dynamic imbalance of the control object, respec-
tively; 1 fr bM f   is the moment of friction forces 
in the control object reliance; 2

2 em bM J i s   is the 
inertial moment of the executive engine, reduced to 
the axis of rotation of the control object; 

2
3 emf ee m bM k k k i    is the moment of the back EMF 

of the executive engine (or its analogue), resulted to 
the axis of rotation of the control object. Each of the 
moments is connected with the parameters of fluctu-
ations of the base. 

Experimentally established that in a frontal loca-
tion of the control object relative to the base, the 
greatest share has the disturbing moment 

1 2 3M M M M      , 

caused by horizontal angular fluctuations of the 
movable base. 

The transfer function of the disturbing moment 
according to Fig. 1 is 

  2 2
fr ee emf ee m

b

.M
MW s f J i s k k k i



   


 

The spectral density of the disturbing moment can 
be found on the basis of the spectral density of the 
velocity of fluctuation of the moving base and 
squares of the modules of the transfer functions of 
each of the channels of formation a perturbation of 
the control object 
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 (1) 

It should be noted, that the accuracy of the stabi-
lization system is fully characterized by the quantity 
and nature of the variation of discrepancy error  

)()()( tуtrt  . 

Let us assume that the probability characteristics 
of random perturbation  M t  are known. 
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(2) 

where  MS


 is the spectral density of  disturbance; 

  2
smW j  is the square of the module of the fre-

quency transfer function of the error of the external 
perturbation. 

Revealing the value of the spectral density of the 
disturbance action, according to (1) we obtain 

   
  

 
 

2 2 2 4 2 2 2 2 4
co fr ee emf ee m

22 2 2 2
2 1 4 3

b2

1 1
      .

S k f J i k k k i

T jT T jT
S

А j





    

       
 



 

(3) 

Integration of the expression (3) on the entire 
frequency range allows to determine the dispersion 
and the mean square value of the variation of dis-
crepancy error     

  


 



 dSD

2
1 .                 (4) 

In case when the course angles of the control ob-
ject are close to zero, the mean square error, that is 
calculated by the formulas (3) and (4), makes more 
than 75% of the summary error of the stabilization 
system, that is completely characterized its accuracy. 

Performed statistical calculations of stabilization 
systems accuracy show that the value of the 
mean-square deviation of the control object from the 
desired direction depends both from the nature of 
fluctuations of the moving base (spectral densities of 
the disturbing moments), and from construction and 
adjustment parameters of the system, the values of 
which determine the amount of square of the modulus 
of the amplitude-frequency characteristic of the sys-
tem. 

Figure 3 as an example, shows the amplitude – 
frequency    

ysm m MW j A


    characteristics of 

the stabilization system for various combinations of 
adjustment coefficients. With decreasing the damp-
ing Dk  of the system the resonance peak characteris-
tics becomes clearly defined, and with increasing Gk  
stiffness – the peak shifts towards higher frequencies. 

Figure 4 presents the amplitude – frequency cha-
racteristics of the stabilization system taking into 
account the channels of formation of external dis-
turbances. 

For each of the possible adjustments, in turn, will 
fit a certain spectral density of discrepancy error of 
stabilization system. In addition, if we consider that 
the spectral density of angular fluctuations of the 
movable base depends on the soil on the track of 
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movement becomes clear the complexity of solving 
the problem of optimization the adjustment of the 
system. Essentially for each the specific conditions of 
movement corresponds a certain rational combina-
tion of control parameters. 
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Fig. 3. Amplitude-frequency characteristics of 

the stabilization system 
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Fig. 4. The amplitude-frequency characteristics taking into 

account the channels of formation the external 
disturbances 

To take full advantage of the technical capabilities 
of stabilization systems in various conditions can be 
offered special nomograms of optimal adjustments 
for typical traffic conditions a movable base. The 
specific interest represents the development of cor-
rective devices, providing automatic change the 
system parameters on the specific traffic conditions 
to ensure the highest accuracy of stabilization. To be 
expected inclusion the automatic control of accuracy 
and selftuning in the schemes of stabilization sys-
tems. 

To evaluate the accuracy of the system in a mode 
of stabilized targeting except disturbing moments 
must be taken into account the statistical characteris-
tics of the operator (see Fig. 2). 

Let us assume that probability characteristics of a 
random control signal are also known. Let us find 

according to Fig. 1, the transfer function of the dis-
crepancy error 
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Let us give the last expression a view 

   
 s

G s
W s

A s
 , 

where  G s is the characteristic polynomial of the 
open-loop system: 

  6 5 4 3 2
6 5 4 3 2 coG s a s a s a s a s a s k Ds      . 

In accordance with the principle of superposition dis-
crepancy error of the system is defined as 

        ( )s sm ys W s R s W s M s    .            (5) 

Taking into account the random nature of the 
control signal and disturbance, after substituting in 
(5) the values of the frequency transfer functions

 sW j ,  smW j  and spectral densities of control 

signal  rS   and disturbance  MyS   , we obtain an 
equation for calculating the spectral density of the 
total discrepancy error of the system 
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In determining the reaction of the stabilization 
system on the operator's control signals it is also 
necessary to consider the impact of operational ad-
justments on the formation of the ampli-
tude-frequency characteristics of the system. 

Figures 5, 6 show a family of amplitude-phase 
frequency and amplitude-frequency characteristics of 
the stabilization system relative to the operator's 
signal. The characteristics obtained at constant stiff-
ness and variable damping. 

In the case of increasing stiffness the resonance 
peak of the curve shifts towards higher frequencies. 
Analysis of these characteristics shows that to ensure 
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the required accuracy in a stabilized aiming mode 
requires an appropriate adjustment of system. 
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Fig. 5. Amplitude-phase frequency characteristics by the 

control channel 
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Fig. 6. Amplitude-frequency characteristics by the control 

channel 

Thus, the technical conditions for operational 
adjustments of stabilization systems must be set in 
such a way that simultaneously provides high-quality 
tracking and maximum accuracy stabilization. 

III.  CONCLUSIONS 

Availability of information on probability cha-
racteristics of the control signals of operator and 
disturbances allows the developer of stabilization 
systems of inertial control objects, working on a 
movable base, to choose the parameters of the con-
troller so as to ensure maximum difference of the 
peaks of the amplitude-phase frequency characteris-
tics of the systems and the spectral densities of the 
aforementioned signals. In this case, can be ensured 
maximum accuracy of the system in modes of stabi-
lization and stabilized aiming. 
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