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Abstract. The design problems of the information-measuring devices operated on the unmanned aerial 
vehicles in difficult conditions of the considerable parametric and vigorous external disturbances are 
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Introduction 

Stabilization of the information-measuring de-
vices operated on the vehicle of the wide class in-
cluding the unmanned aerial vehicles (UAVs) is the 
actual problem of the modern control systems de-
velopment. The typical information-measuring de-
vices operated on modern UAVs may include the TV 
camera, digital photographic apparatus and laser 
scanner. The listed types of apparatus allow to solve 
the cartography and photography problems by means 
of the digital photogrammetry. To solve the aerial 
photography problem it is possible using the TV 
camera of the high resolution. The laser scanner may 
be used for the cartographic shooting. This technol-
ogy allows to create the relief model by means of the 
laser pulsing and analysis of the reflected signals [1]. 
The high image quality may be achieved by means of 
the gyrostabilization, which may provide the infor-
mation-measuring devices given position during 
shooting [2]. 

In accordance with the classification accepted by 
the UVS International the UAVs may be divided into 
micro and mini, light, middle and heavy by a mass 
and dimensions. The modern trend of the Ukrainian 
UAVs development is creation of the light ones. The 
gyrostabilized platforms are used by the light UAVs 
developed in Russia such as ZALA 421-16 [3]. As a 
rule, vehicles of such type use the changeable pay 
load, for example, the video camera, thermal imager 
or camera of the high resolution. The pay load weight 
may achieve 3 kg. 

Operation of the information-measuring devices 
on the UAV board is implemented in conditions of 
the disturbances caused above all by the wind action. 
Usage of the gyrostabilized platforms provides sta-
bilization of the pay load in the conditions of the 
aerial vehicle angular motion caused by the various 
vigorous disturbances. The modern trend of the sta-
bilization systems design lies in application of the 

robust control, which may provide implementation of 
the requirements given to a system in the difficult 
operation conditions. Such conditions are accompa-
nied by influence of both internal parametrical and 
external coordinate disturbances. 

Analysis of the last researches and publications 
Now the sufficient quantity of papers and text-

books, for example, [4], [5] deals with the problems 
of the robust system design. It should be noted, that in 
the modern scientific and technical literature the 
significant place is taken to design of the robust 
control systems for the aerial vehicles including un-
manned ones.  

At the same time the proper attention yet was not 
given to the design problems of the robust systems for 
stabilization of the information-measuring devices 
operated on the vehicles of the wide class in general 
and UAVs in particular. 

The problem statement 
In the paper the basic principles of robust struc-

tural synthesis of systems for stabilization of the in-
formation-measuring devices operated on UAV in the 
difficult conditions of the considerable parametric 
and vigorous external disturbances are represented. 

Mathematical Description of the Stabilization  
System  

To provide the high accuracy of the observation 
processes, the appropriate equipment stabilization 
must be implemented by three axes connected with 
the aerial vehicle. For this the stabilized platform 
with the information-measuring devices is mounted 
in the triaxial gimbals. Such construction must pro-
vide the possibility of the platform to turn in the suf-
ficiently wide range such as 360° by an angle of the 
yaw and ± 90° by the angles of the pitch and roll.  The 
stabilization system of the studied type may support 
the modes of the preliminary and precision stabiliza-
tion. Implementation of these modes requires appli-
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cation of the accelerometers and gyro measuring 
instruments, for example, the angular rate gyro sen-
sors. For the studied system such sensors as the 
pendulum accelerometers and fiber-optic gyros may 
be used. 

The mathematical description of the stabilized 
platform must include the dynamics and kinematics 
description. 

The system dynamics may be described by the 
Euler equations [6] 
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where zyx  ,,  are projections of the platform 

angular rates onto its proper axes; zyx JJJ ,,  are the 
inertia moments relative to the gimbals axes; 

xyxzyz JJJ ,,  are the centrifugal inertia moments rela-

tive to the gimbals axes; zyx   ,,  are the platform 
angular acceleration projections onto its proper axes; 

zyx MMM ,,  are the moments acting by the gimbals 

axes. It should be noted, that zyx JJJ ,,  represent the 
equivalent inertia moments which take into consider-
ation the inertia moment of the platform with pay load 
installed on it piJ  and the inertia moments of the 
servo motors mJ . These moments may be determined 
by the expressions mrpii JnJJ 2 ,  zyxi ,, , 

where piJ , mJ  are the inertia moments of the plat-
form and the motor, rn  is the reducer gear-ratio. In the 
similar way, the expressions for the centrifugal mo-
ments may be obtained [7]. 

The moments acting by the gimbals axes include 
such components as the dry friction moments in ball 
bearings of the gimbals, the moments developed by 
the stabilization motors and the disturbance mo-
ments. 

The mutual position of the axes of the coordinate 
systems necessary for description of the system ki-
nematics is represented in Fig. 1. Here the following 
systems are used such as the body-axis coordinate 
system 000 zyOx , the coordinate systems connected 
with the external and internal frames of gimbals 

111 zyOx  and 222 zyOx , the coordinate system con-
nected with the platform Oxyz . 
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Fig. 1. The mutual position of the coordinate systems 

connected with the UAV and platform 

In accordance with Fig. 1 the expressions for de-
termination of the platform angular rates may be 
represented in the following form 
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Based on the expressions (2), the differential eq-
uations, which characterize a change of the platform 
angular position, become 
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During creation of the model of a platform in the 
gimbals it is necessary to take into account that sta-
bilization motors are mounted at the gimbals axes. At 
the same time the platform model (1) is defined by its 
projections onto the proper axes. The expressions for 
the moments of control by the platform in projections 
onto its proper axes may be determined in the fol-
lowing way [8] 
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Creating the stabilized platform model it is ne-
cessary to take into account that every system chan-
nel includes the plant, motor, pulse-width-modulator 
and the gyro measuring instrument for angular rate 
determination. 
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The components of the moments acting by the 
gimbals axes may be represented in the following 
form [9] 

ifri MM  sign1 ; 

aami RUсM
i

/2  ;                     (5) 

idisti MM 3 ; 102 ,, zyxi  , 
where frM  is the nominal value of the moment of 
friction at the ball bearings mounted at the gimbals 
axes; mс  is the coefficient of loading at the motor 
shaft; 

iaU  are the voltages of the motor armature 
control winding; aR  is the resistance of the motor 
armature circuit; 

idistM  are the disturbance moments. 
Forming of the voltage in the motor armature 

control winding may be described by the expressions 
[7], [9] 

ieraaa cnUkUUT
iPWDPWDii

 , 102 ,, zyxi  , (6) 
where aT  is the armature circuit time constant; eс  is 
the coefficient of proportionality between the motor 
angular rate and the electromotive force; PWDk  is the 
coefficient of the linearized pulse-width-modulator; 

iPWDU  are the voltages at the pulse-width-modulator 
input. Control voltages at the outputs of the angular 
rate gyro sensors 

i
U may be described in the fol-

lowing way [9] 
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where gT  is the time constant of the angular rate gyro 
sensor;   is the attenuation coefficient; gk  is the 

transfer constant of the angular rate gyro sensor. 
The relationships (1) – (7) represent the mathe-

matical description of the system for stabilization of 
the information-measuring devices operated on 
UAVs. In the modern practice of the robust systems 
design it is accepted to implement this process in two 
stages. At the first stage the robust synthesis based on 
the liner model represented as the state space one is 
carried out. At the second stage the check of the 
synthesized system by means of simulation is im-
plemented. The first stage may be carried out re-
peatedly after analysis of the simulation results. 

To carry out the robust structural synthesis it is 
necessary to use the linear model of the system to be 
synthesized. Such model may be obtained based on 
the relationships (1) – (7) using the following basic 
suppositions:  

1) neglect of the centrifugal platform moments 
and differences of the axial moments for simplifica-
tion of the expression (1); 

2) taking into account the small platform turns 
only that allows to simplify the trigonometric func-
tions in the expression (2); 

3) change of the non-linear dry friction moments 
by the linearized moments [7]; 

4) usage of the linear model of the 
pulse-width-modulator; 

5) neglect of the disturbance moments applying to 
the platform in the expression (2). 

Based on the relationships (1) – (7) and above 
listed suppositions the considered system linear 
model may be represented as the state space model 
for the vector of state variables x  by the four ma-
trices DCBA ,,,  
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where zyx fff ,,  are the coefficients of the linearized friction moments [7]; 
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The Algorithm of the Robust Regulator 

Structural Synthesis 
One of the modern approaches to the structural 

synthesis of the robust regulator for the stabilization 
system is the H -synthesis. Its basic principles are 
represented in many textbooks [4], [5]. In this case the 
designed system is represented as it is shown in Fig. 2. 

Such system consists of a plant G  and a control-
ler K  and may be represented by the output signals 
to be optimized z , input signals w , control signals 
u  and output signals y , which enter to the controller 
[4], [5]. The statement of the H -synthesis problem 
is based on introducing of the so-called generalized 
or interconnected system P  [4], [5].  

 
Fig. 2. The standard H -configuration 

Consider a system represented in Fig. 3 [4]. 
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Fig. 3. The structural scheme of the designed system 

For such system the interconnection between 
signals using the generalized system concept looks 
like [4] 
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and the transfer function from input w  to output z  
becomes 

21
1

221211 )( PKPIKPPT z
w . 

The statement of the optimization problem may be 
represented in the following form [4] 
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The H -synthesis problem (10) may be solved 
by the method of the mixed sensitivity [4], [5].  

The modern approach to solution of the robust 
structural optimization problem is based on forming 
of the system desired frequency characteristics (loop 
shaping). It is implemented by means of the aug-
mented object forming due to introducing of the 
weighting transfer functions, as it is shown in Fig. 4.  
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Fig. 4. The structural scheme of the augmented system 

H -norm of the augmented system mixed sensi-
tivity function is used as the optimization criterion 
instead of the expression (11) [4, 5] 
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where 321 ,, WWW  are the weighting transfer func-
tions; TRS ,,  are the sensitivity functions by the 
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given signal, control and the complementary sensi-
tivity function. 

Implementation of the H -synthesis by the me-
thod of the mixed sensitivity is based on solution of 
two Riccati equations, check of some conditions and 
minimization of the system mixed sensitivity func-
tion H -norm (12) [4, 5]. It should be noted, that 
there are automated means of this problem solution, 
which require mathematical description of the inter-
connected system (9). 

The basic approaches to the robust structural 
synthesis of the information-measuring devices of the 
wide class are represented in the paper [10]. Features 
of the H -synthesis procedure for the informa-
tion-measuring devices operated on the ground ve-
hicles are represented in the paper [11]. The devel-
oped models (1) – (7) and (8) allow to carry out the 

H -synthesis of the system for stabilization of the 
observation devices operated on the UAV. The con-
sidered stabilization system is configured as a rate 
servo one, since many types of the modern gyros 
sense angular rates [2]. 

The H -synthesis includes such stages as crea-
tion of the system mathematical description both 
linear and non-linear, choice of the weighting transfer 
functions, augmentation of the plant and synthesis of 
the robust controller. All these stages may be im-
plemented by means of the computing system Mat-
Lab.  

The results of the synthesized system simulation 
in the mode of precision stabilization are represented 
in Fig. 5. 

One of the most important stages of the robust 
structural optimization is the choice of the weighting 
transfer functions, which is implemented based on 
the heuristic approaches. For the studied system the 
expressions for the matrix weighting transfer func-
tions may be represented in the following form 
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Fig. 5. The results of the stabilized platform simulation  by the 
yaw channel (a); the pitch channel (b); the roll channel (c) 

The results of the synthesized system simulation 
in the mode of the preliminary stabilization are 
shown in Fig. 6. 

The synthesised controller structure may be de-
scribed by four state space matrices 
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Fig. 6. The results of the gyrostabilized platform motion         
in the mode of the preliminary stabilization: а is transient 

by the given angular rate; b is the error of the angular 
position stabilization 

These matrices were obtained taking into consid-
eration reduction of the synthesized controller order. 

At the represented graphs the angular motion of 
the UAV was considered as the disturbance. The 

represented results prove the possibility to achieve 
the stabilization accuracy and speed of operation 
sufficient for the information-measuring devices 
operated on the UAV. 

Conclusions 

The basic approach to the robust structural syn-
thesis of the stabilization system of the informa-
tion-measuring devices operated on the UAVs is 
represented. The mathematical description of the 
system providing stabilization and control by orien-
tation of the observation devices lines of sight is ob-
tained. The matrix weighting transfer functions for 
the robust structural synthesis are chosen. The simu-
lation results are represented.  
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