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Abstract—The grounded choice of the inertially stabilized platform elements (rate gyro and actuator) 
and calculation of its parameters is carried out. The mathematical model of the inertially stabilized 
platform is developed. Choice of the PID-controller sampling interval and tining of its parameters is 
implemented. The model of the MEMS-gyro ADIS16488 taking into consideration influence of the random 
errors by means of Simulink is developed. The computer modelling is carried out and its results are 
analyzed. The approach to analysis of characteristics of the inertially stabilized platform for the ground 
vehicle based on modelling is carried out. 
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I. INTRODUCTION 

Now inertially stabilized platforms (ISPs) are 
widely used to stabilize and point sensors, cameras, 
telescopes and weapon systems operated at vehicles 
of the different type. In the general case, the 
requirements to ISPs depend on the application, but 
they have a common aim, which is to control the line 
of sight of the equipment mounted at a vehicle in the 
inertial space [1]. 

The equipment stabilized by means of ISPs is 
used at the ground vehicles, unmanned aerial 
vehicles, aircraft, spacecraft, and ships for different 
missions such as tracking, mapping, and imaging. 
Stabilization and pointing of the communication 
antennas are implemented by means of ISPs too. 

In accordance with the modern terminology [1] 
ISP represents a mechanism, which is used for 
control by the inertial orientation of the measuring 
axes of a payload mounted at the platform. The 
appropriate control system is believed to be included 
in ISP concept. ISPs are usually integrated into 
tracking or pointing system. 

Inertially stabilized platforms provide the 
following important missions such as: 

– stabilization of payload during angular motion 
of a vehicle, on which it is mounted and operated; 

– pointing payload line-of sight to the given 
reference point; 

– tracking the given reference point by means of 
providing constant orientation of payload line-of-
sight in the direction of the moving reference point. 

It should be noted, that Ukraine has significant 
achievements in the area of ISP assigned for 
operation at the ground vehicles. As a rule, the 
joystick mode is often used in such ISPs that 
provides the control simplicity and decreases costs 
for the system design. 

The wide area of ISP application and the new 
achievements in inertial sensor technologies makes 
new researches in the area of ISP design actual and 
required. 

II. PROBLEM STATEMENT 

The goal of the research is creation of the 
mathematical model and simulation of the inertially 
stabilized platform in MatLab System by means of 
Simulink Toolbox. The problem lies in development 
of the inertially stabilized platform model based on 
the PID-controller and the mathematical model in 
the frequency domain (transfer function) of the drive 
including the plant [2] 
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where mc  is the torque constant of the motor; LR,  
are the armature winding resistance and the armature 
inductive component; loadJ , motorJ  are the moments 
of inertia of the platform with payload and the 
motor; mf  is the motor viscous damping coefficient; 

ec  is the back electromotive force  
One of the important components of the inertially 

stabilized platforms is a gyro device. In many cases, 
gyros in such applications are based on the MEMS-
technology. It is known, that a linear part of such 
gyro may be described by mathematical model in the 
frequency domain (transfer function) [3] 
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where   is the bandwidth frequency;   is the 
damping coefficient. 



O.A. Sushchenko, O.P. Korostelev.  Mathematical Modelling of Inertially Stabilized Platforms Applied ...              101 
 

So, creation of the MEMS-gyro model by means 
of Simulink Toolbox is important task of the 
research too. 

Usage of Simulink Toolbox for mathematical 
models creation and modelling allows to take into 
consideration non-linearities inherent to real systems 
and gyro random errors, makes easier simulation of 
the disturbed platform motion. The very important 
advantage of Simulink Toolbox is the possibility to 
carry automated adjustment of the PID-controller.  

III. CHOICE OF ISP SYSTEM 

The quantity of the platform axes to be stabilized 
depends on ISP application. Usually, it is necessary to 
point and stabilize two or three axes for operation at 
the aerial or marine vehicles and one or two axes for 

ground axes respectively. For the most responsible 
applications quantity of axes may increase.  

The typical structural scheme of the single-
channel ISP system is represented in Fig. 1. 

Inertially stabilized platform at the ground 
vehicles must operate in the following basic modes 
such as: 

– stabilization of payload (observation equipment) 
in the vertical and horizontal planes under action of 
the vehicle-carrier angular rate; 

– pointing of payload line-of-sight to moving and 
immovable reference points; 

– pointing of stabilized payload line-of-sight to a 
reference point or simultaneous operation of the first 
and second modes. 

Operation in the above stated modes requires 
using such ISP elements as rate gyros, controllers 
and actuators. 
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Fig. 1. The structural scheme of ISP system: cθ  is the control (pointing) angular rate; vθ  is the vehicle angular rate; 

nθ  is the measurement noise; conM  is the control moment; distM  is the disturbance moment

A Grounded choice of rate gyros 
For the grounded choice of the rate gyros for ISP 

design it is necessary to analyze such important 
parameters as a type of the technology, the operating 
range, sensitivity and the resistance to external 
disturbances, (for example, shocks for the ground 
vehicles). 

The rate gyros designed by the fiber-optic 
technology have such advantages as absence of 
moving parts, quick readiness time, high sensitivity 
and accuracy. But such sensors are characterized by 
at least two significant disadvantages. In the first 
place, they have large mass and dimensions. This is 
caused by the necessity to use the transmitting units. 
In the second place, such devices have the high cost, 
caused by presence of hand operations in their 
manufacturing. In the third place, the sensors are not 
characterized by too much stability to shocks, that it 
is especially important for ground vehicle 
applications. 

Usage of the rate gyros designed by the MEMS-
technology is one of the basic trends of the modern 

ISP design. The process of such sensors 
development is not completed today. It characterizes 
by increase of accuracy, improving operation 
properties, decreasing cost and perfection of 
technology. Simplicity of operation and low cost are 
basic advantages of such gyros. As regards accuracy, 
achievement of a definite progress is still required. 
But performances of MEMS-gyros are characterized 
by some statistical variety caused by the inevitable 
deviations of the manufacture conditions from given 
in the technical documentation. Moreover, aging 
separate gyros is implemented with the different 
rate. Therefore gyros of such type require 
compensation of the zero drift for many applica-
tions. To improve their performances it is necessary 
to use correcting units of the different level of 
complexity. Many rate gyros designed by the 
MEMS-technology use built-in temperature 
compensation systems. The last trend is related with 
improvement of MEMS-gyros performances by 
means of design and usage of the special built-in 
controllers providing robustness performance of 
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measuring instruments in conditions of their 
parameters variety. 

For ground vehicle ISP the discrete device 
ADIS16488 may be chosen as a rate gyro. It 
represents a complete inertial system that includes a 
triaxial gyro and some other sensors. Every gyro 
uses advantages of the inertial MEMS-technology 
and processing signals. This ensures optimization of 
the sensor dynamic performances. Calibration by the 
sensitivity, bias and alignment of every sensor is 
carried out during its manufacturing. As result, every 
sensor has its own compensation formulas [4]. This 
ensures the high accuracy of measurements. 

The device ADIS16488 has such advantages as 
simplicity and low cost. All the necessary tests and 
calibrations are parts of the process of production. 
This increases time of integration of the device in 
the control system. The device has the simple 
interface that provides data collection and control 
configuration. 

The tight orthogonal alignment simplifies 
accurate alignment necessary for the inertial 
stabilization systems [4]. 
B Grounded choice of actuators 

Inertially stabilized platform actuators must 
create necessary moments, rates and accelerations. 
Usage of geared drives is accompanied by some 
disadvantages such as the excessive coupling and 
hysteresis. The reaction moment of an actuator with 
geared mechanizm represents disturbance that may 
lead to some degradation of the stabilization system 
performances [5]. In majority cases usage of the 
geared mechanism leads to the additional friction 
and torque resonance too. From this point of view, 
gearless actuators have definite advantages under 
condition that they satisfy requirements given to the 
system. The most widespread gearless actuators are 
the high-torque electric direct current motors with 
the constant magnetic core able to create high 
moments at low rates. 

Now traditional design of electric drives as the 
high-speed electric direct current motors with 
reducers practically has not possibilities for increasing 
accuracy, speed of operation and reliability of a drive 
as a whole. Improvement of the motor operation 
performances may be achieved by means of usage of 
the low-speed gearless drives based on contactless 
motors. In this case, the mass and dimensions are 
minimized and multifunctionality of the drive is 
provided. 

The traditional method of choice of the electric 
motor for the drive of any type (geared or gearless) 
is based on determination of averaging power 
necessary for plant motion with the required angular 
rates and accelerations in the different operating 
modes. 

Such approach is convenient both for the direct 
current motors and asynchronous motors and for the 
erection torque commutation motors [6]. The 
required power may be calculated by the formula [7] 

2
max m max

req max

( )d lM J n J
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,     (3) 

where k  is the reserve coefficient; dM  is the 
maximum disturbing moment; lJ , mJ  are moments 
of the load and motor inertia respectively; n  is the 
gear-ratio ( 1n  for the gearless drive); maxmax ,   
are maximum angular rate and acceleration 
respectively;   is the coefficient of efficiency. 

In the expression (3) 0.5 ... 0.7k  , if the static 
moment is greater than dynamic one. Otherwise, 

0.7 ... 0.9k  . 
But the above stated classical motors differ from 

the contactless erection torque motors, for example, 
motors of the line STK produced by Alxion 
company or of the line DBM produced by “Machine 
apparatus” company have totally different 
construction [6]. Winding of such motors in contrast 
to the classical construction, is arranged at the stator 
and magnets – at the rotor. In its turn, these motors 
may be divided into motors of nominal and intensive 
usage respectively [6]. If information about the 
nominal power is absent in the technical 
documentation, choice of the contactless erection 
torque motor working point may be done based on 
the mechanical characteristic. For motors of the 
nominal usage this point is defined by the nominal 
mode of the motor operation. For motors of the 
intensive usage any point of the mechanical 
characteristic from the idle mode to starting one. It 
should be noted, that the coefficient of efficiency is 
not of great importance for ISP application. In this 
case, the accuracy and speed of operation have the 
great significance [6]. 

For the gearless drive the erection torque motor 
may be chosen by the required starting moment 

start lin reqM k M , 

where link  represents the linearity coefficient 
changing in the range 3…20. A maximum value is 
chosen for precision servo-motors. 

For applications with calculated motor power 
values in the range 50 … 150 watts it is possible to 
use the contactless electric drives MBEPPS-K 
(Research Institute of Electromechanical devices, 
Ukraine) [8]. The drive of this type consists of the 
contactless motor and control block. 

As alternative variant may be used the high-
torque collector direct current electric motors 
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DPM-1.6-110-D09 with excitation from constant 
magnets.  

Such motors are produced with the built-in 
thermoresistor, which generates signal for control 
circuit ensuring switch off the motor in conditions of 
overheating intolerable for the isolation. 

Such motors are characterized by the following 
features [9]: 

– the high uniformity of rotation in the regulation 
range; 

– the high dynamics of transients caused by the 
high repetition factor of ratio between rotating and 
inertia moments; 

– the high thermal capacity that ensures stability 
to large overloads during long time; 

– the high rotating moment at low rates that 
provides direct connection of the shaft with the 
actuator. 

Motors may operate both at high rates in the 
range of quick traverse and in modes of low speeds. 

IV. MATHEMATICAL DESCRIPTION 
OF INERTIALLY STABILIZED PLATFORM SYSTEM 
The mathematical model of the rate gyro is of 

great importance for the ISP system mathematical 
description. Usually, a linear part of the MEMS-gyro 
model is represented by the expression (1). 

It should be noted, that the device ADIS16488 is 
supplied with the unit of digital filters with the 
infinite impulse responses of the 84th order [4]. 
Choice of the filter order is defined by the 
requirements to the bandwidth and damping 
properties. 

The mathematical model of the rate gyro 
ADIS16488 created by means of Simulink Toolbox is 
represented in Fig. 2. This model includes the linear 
part in the form of the transfer function (1), limitation 
by the measuring range, random errors of the different 
type including error of the scale factor 1 % by means 
of gain changing in the range 1.01 or 0.999. 
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Fig. 2. Simulink-model of the rate gyro ADIS16488 

The additional random errors must be formed 
based on the white noise. In this case the random 
signal variance may be represented in the form 

,D N f   where f  is the bandwidth, Hz. 
Respectively, the spectral density of the signal 
power may be determined by the formula 

/ .N D f    
Simulink-model of the ISP stabilization system 

based on expressions (1), (2) with the digital PID-
controller and the block of its parameters adjustment 
is represented in Fig. 3. 

For determination of the random error due to the 
output noise by means of Simulink it is necessary to 

use the block of the white noise determination. In 
this case two parameters must be given such as [2] 

f
PSD





2

, 

where PSD is the power spectral density;   is the root-
mean-square deviation, deg/s; f  is the bandwidth, 
Hz; fSampleTime  /1 . A value of the output noise 
for MEMS-gyros is given in the technical 
documentation as the root-mean-square deviation ( ) . 
This simplifies representation of the random error in 
the mathematical model of the rate gyro.



104                                                              ISSN 1990-5548   Electronics and Control Systems  2015. N 4(46): 100-108 
 

 
Fig. 3. Simulink-model of the stabilization system with the adjustable controller

The mathematical model represented in Fig. 2 
takes into consideration the following random errors 
such as the output noise, initial bias and coefficient 
of the temperature bias for the temperature 
increment 1 ºС. Usually, such block as the quantizer 
may be used in the mathematical models of the 
digital rate gyros. But in this case, a number of the 
sensor bit capacity is 32 and it is possible to neglect 
by the quantizer in the mathematical description. 

Control by ISP stabilization system may be 
implemented by means of the discrete PID-
controller. Adjustment of the PID-controller 
coefficients is realized by means of MatLab 
automated means based on the requirements given to 
the stabilization transients. 

The structure of the discrete PID-controller may 
be explained by Fig. 4. 

 
Fig. 4. Structure of the discrete PID-controller

During controller tuning the following controller 
coefficients has been determined such as 

68,356Ki ; 107,078Kp  ; 144,0Kd . 
A bounded sampling value may be determined 

based on the Nyquist–Shannon theorem [10], [11]. 

)2/(1 bs f ,                         (4) 

where s  is the sapling interval; bf  is the system 
bounded frequency. 

So, in accordance with the expression (4), for the 
bounded frequency 100 Hz, the sampling interval 
must be no less than 0,005 s. 

To choose the range of the sampling frequency 
change it is convenient to use the relationship 
connecting the sampling frequency and the closed-
loop system bandwidth frequency [11]. 

ff s  )8...2( . 

For the bandwidth 100 Hz the frequency and 
sampling interval will change in the limits 

200800  sf , Hz; 

005,000125,0  s , s. 
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More accurate determination of the sampling 
frequency may be implemented in an experimental 
way based on the analysis of the transient quality 
indices for the different sampling intervals. 

For systems of the considered type it is necessary 
to take into consideration the real conditions of the 
ground vehicle ISPs operation, which are 
accompanied by action of such disturbances as 
shocks. Therefore after analysis of characteristics of 
the possible shocks it is necessary to carry out 
additional modelling with simulation of the shocks 
action. The finite value of the sampling frequency 
must be determined taking into account this 
modelling. Such approach ensures the system stable 
operation in the real conditions of shocks action. 

In the general case there are two approaches to 
design of the discrete controllers. 

The first approach lies in choice of the discrete 
controller structure with following adjustment of the 
PID-controller coefficients. The adjustment may be 
implemented in two ways. In the first place, the PID-
tuner may be used that makes easier the difficult 
adjustment process due to its automation. In the 
second place, the known engineering methods may 
be implemented. 

The second approach requires sampling of a 
plant. After that it is possible to use the parametrical 
or structural optimization for determination of the 
controller with the given properties. 

So, the second approach requires to use the plant 
sampling procedure. Control System Toolbox of 
MatLab system suggests different sampling methods 
including extrapolation of the zero and fist orders 
(ZOH and FOH), impulse-invariant discretization 
(IMP), bilinear fractionally rational approximation 
by the Tustin method without correction (TUSTIN) 
and with correction by frequency PREWARP, and 
also the method of representation of poles and zeros 
(MATCHED) [12]. 

Choice of a sampling method may be 
implemented by comparison of response and 
frequency characteristics of the continuous and 
discretized systems. Comparison must be carried out 
in limits of the system bandwidth. Starting from the 
experience of the similar system design [13] it is 
possible to recommend the Tustin method without 
correction (TUSTIN). 

Choice of the controller type depends on the 
designer possibilities and resources, and the required 
period of the system design. The simplest and the 
most economical way is usage of the typical and 
serial P-, Pi- and PID-controllers [14]. The important 
advantage of such controllers is the possibility to use 
the extension Embedded Coder for the automated 
generation of the C-code, which may be realized in 
microcontrollers. 

For determination of the controller type it is 
necessary to take into account the plant static and 
dynamic performances, requirements to the quality 
of the regulation process (transients), and type of the 
external disturbances [14]. 

In accordance with the generally accepted 
recommendations [1] in systems for ISP stabilization 
the discrete PID-controllers may be applied, as they 
in contrast to P-controllers ensure the high speed of 
operation and acceptable accuracy indices. 

Adjustment of the PID-controller coefficients 
may be carried out in the automated mode by means 
of Simulink Toolbox. The choice of the PID-
controller coefficients based on requirements to the 
transient quality well agrees with requirements to the 
ground ISP design as it ensures requirements to 
accuracy and transient speed. 

V. MODELLING OF ISP SYSTEM AND ANALYSIS 
OF ITS RESULTS 

Using represented approaches and above stated 
mathematical descriptions modelling of ISP assigned 
for operation at the ground vehicles has been carried 
out [13]. 

Results of simulation of the digital rate gyros 
used for feedback control in systems for ISP 
stabilization are represented in Fig. 5. 

Results represented in Fig. 5 prove achieving the 
high accuracy of the stabilization processes. 

Modelling by means of the obtained system 
mathematical description ensures checking the most 
important performances of the system. The process 
of the system performances estimation includes the 
following stages. 

1. Estimation of the static accuracy of the system 
is implemented in the system stable states in 
conditions of the constant setting control. In the 
general case this research it is necessary to carry out 
in such ISP operating modes as tracking and 
stabilization. In the first case, the given angular rate 
is used as the setting control. In the second case, the 
setting control is believed to be equal to zero, and 
the simulated ground-vehicle angular rate is 
considered to be a disturbance action. 

2. The system dynamic properties may be 
estimated based on analysis of the transient quality. 
In this case, it is necessary to research the transient 
rise and setting, overshoot and undershoot. 

3. For ISP operated at the ground vehicles the 
important and necessary performance is the rigidity 
by the moment [15]. This parameter may be 
determined in the following way. For zero setting 
control the increased disturbing moment is given to 
the stabilization system input. After some time 
(10…20) s the disturbing moment value decreases to 
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the nominal (given in the documentation) one. So, 
the law of change of the disturbing moment applied 
to the plant may be represented in the following 
form 

)](1[)](1[)( 21 tMtMtM  .             (5) 

 
a 

 
                                        b 

Fig. 5. Results of rate gyro modelling: (a) is the step 
signal taking into consideration the noise; (b) is the step 

ideal signal 

Further, the values defining deviation of the 
platform under action of disturbing moments are 
fixed and their difference is determined 

1 2    .                       (6) 

Based on expressions (5), (6) the rigidity by the 
moment may be determined as a ratio of the 
difference of disturbing moments to the difference of 
values defining the plant angular stabilized position 

 /)( 21 MMс . 

The studied system modelling results are 
represented in Fig. 6. 

As a rule, the quantity of stabilization axes 
necessary for ISP operated at the ground vehicles is 
equal to 2. Depending on the solved problem and 

requirements to the given system the interconnection 
between two channels may be taken into 
consideration. The dynamic performances of 
channels of ISP considered in this paper are 
identical. Therefore modelling has been carried out 
by one channel only. 

 
a 

 
b 

 
c 

Fig. 6. The system modelling results: (а) is the transient 
by the angular rate for the vehicle angular rate 10 deg/s; 

(b) is the transient by the current for the same conditions; 
(c) is the transient by the angular rate for the vehicle 

angular rate 1 deg/s taking into consideration 
irregularities of the relief (presence of hummocks) 
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The modelling results has been shown the 
possibility to ensure the requirements given to the 
system by accuracy taking into consideration action 
of the disturbing moments, in particular, caused by 
irregularities of relied of the road or terrain by which 
the ground vehicle is moved. 

VI. CONCLUSIONS 

The grounded choice of the basic elements of ISP 
assigned for operation at the grounded vehicles was 
carried out. The mathematical model of ISP system 
including its rate gyro was derived. The modelling 
of the system proved the possibility of its application 
in the given area was implemented. 
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О. А. Сущенко, О. П. Коростельов. Математичне моделювання інерціальних стабілізованих платформ 
для наземних рухомих об’єктів 
Виконано обґрунтований вибір складових інерціальної стабілізованої платформи (швидкісного гіроскопа та 
виконавчого механізма) та розрахунок її параметрів. Розроблено математичну модель інерціальної 
стабілізованої платформи, здійснено вибір інтервалу дискретності ПІД- регулятора та виконано настройку його 
параметрів засобами Simulink. Розроблено модель МЕМС-гіроскопа ADIS16488 з урахуванням впливу 
випадкових похибок засобами Simulink. Виконано комп’ютерне моделювання та проаналізовано його 
результати. Представлено підхід до анализу характеристик інерціальної стабілізованої платформи для наземних 
рухомих об’єктів на підставі моделювання. 
Ключові слова: стабілізовані платформи; інерціальні технології; МЕМС-гіроскопи; моментні приводи; 
моделювання. 
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