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DESIGN METHOD OF SURFACE-TO-AIR MISSILES USING  
THE OBJECT-ORIENTED APPROACH AND ELECTRONIC LAUNCH TECHNOLOGY 

The article discusses the system-conceptual aspects of the design of surface-to-air missiles (SAM). A spiral ob-
ject-oriented design model for SAM is proposed, which allows increasing the design efficiency with a reduced vol-
ume of pilot flight tests. The formation of classes, objects and structures has been completed, they are the formalized 
mechanisms for the synthesis of SAM, using the theoretical foundations of the object-oriented design methodology, 
combines the process of object decomposition and the presentation of the logical, physical, static and dynamic mod-
els of the designed system.The proposals on the development of the method of “electronic launches” as technolo-
gies, which unites, within the framework of common approaches, questions of testing and simulation modeling of 
SAM at all stages of designing. 
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Introduction 

Problem statement and literature analysis. Ex-
perience in the design of high-precision weapons sys-
tems in Ukraine has shown that the classical block-
hierarchical design paradigm and cascade (waterfall) 
model of the life cycle no longer provides sufficient 
efficiency to the design process. And this is due to the 
fact that the design of modern high-precision weapons 
systems based on network-centric technologies requires 
new approaches to the methodology for their creation.  

When considering the methodology of creating 
modern weapons, first of all, attention should be paid to 
the work [1–5]. The problems of substantiation of re-
quirements for modern weapons and military equipment 
are discussed in the works [6–9]. Particular attention 
should be paid to the works [9–13], that deal with the 
design of surface-to-air missiles, the creation of models 
for the guidance loop, and a computational experiment. 
The work [14] can be recommended as an example of the 
construction of modern model-oriented platforms for the 
development of complex radio engineering systems. The 
problems of object-oriented design are covered in [15]. 

The purpose of the article is to consider the use 
of a spiral object-oriented design model of SAM, which 
improves design efficiency with a reduced amount of 
flight control tests and simulation modeling – “elec-
tronic launch” as part of a unified methodology for 
SAM designing and testing. 

Statement of basic materials 

Formally, the works on the creation of complex 
military and technical systems can be divided into de-
sign, construction, manufacture and testing, which are 
divided into a number of stages [1–5]. 

The logic of the design process of SAM is built on 
the cascade (waterfall) model [5]. The existing design 
approach considers a precise formulation of the initial 
requirements for SAM. Partial requirements specifica-
tions for the creation of rocket equipment should be 
coordinated before the start of work. Coordination of 
partial requirements specifications with the executor 
requires the performance of relevant researches, which 
can not be funded by the customer. The final approval 
of the partial requirements specifications is carried out 
in the course of the project. All this leads to the fact that 
for the customer there is a high level of risk and unreli-
ability of investments. The results of the project are 
available to the customer only at the end of the work 
(stage), which leads to significant difficulties in man-
agement of the design process of SAM and complicates 
the parallel work on the project. 

The experience of design work on the program for 
the creation of future-technology SAM showed that, the 
existing sequence of design stages allows the implemen-
tation of the spiral (evolutionary) model of the missile 
creation. 

The spiral model of design and test of SAM is 
shown in Fig. 1. 

With such a design model, the conformity assessment 
of the characteristics of the designed SAM to the specified 
requirements is carried out not at the end of the stage, but 
continuously during the execution of the design work. The 
customer has the ability to plan the partial requirements 
specifications at the next stage and carry out its scientific 
processing and coordination with the executor. 

Thus, the process of design and test becomes con-
tinuous, and its division into separate stages is related 
only to organizational and financial issues. 

Very important for the purposes of our considera-
tion is the remark by B.A. Demidov [3] that: a product 
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of a design is a model of an object that does not really 
exist at the time of design. 

At the starting of the design, SAM is presented as a 
concept with a high degree of abstraction, which has a 
number of properties that make it possible to distinguish 

SAM from other missiles (for example, aviation, ballistic, 
etc.). 

Surface-to-air missiles designing is reduced to the 
sequential solution of a group of tasks that relate either 
to synthesis problems or to analysis problems. 

Fig. 1. Spiral model of surface-to-air missile design and testing 

Fig. 2. The general structural scheme of the object-oriented design method of surface-to-air missile
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Fig. 1 shows the general structural diagram of the 
object-oriented design of SAM. 

The synthesis of SAM is the process of generating 
the functions, structure and parameters of SAM accord-
ing to the requirements set by the operational and tech-
nical requirements (OTR) and tactical and technical 
requirements (TTR), achieving the specified perform-
ance characteristics, required and sufficient to perform 
the assignment tasks. 

The analysis of SAM is a study of the features of 
some variant of the construction SAM.  

In the formalized problem of the synthesis of SAM 
as a complex military and technical system are high-
lighted [5]:  

Р – set of possible principles of design of air de-
fense system (ADS); 

F – set of interrelated functions realized by ADS 
and its elements; 

А – set of possible interrelated components of sur-
face-to-air missiles. 

Each set of   principles corresponds to a set of 
F( ) functions, from which it is necessary to choose 

 subset sufficient to implement the specified 

construction principles. 

( )f F

The elements of the F set are mapped to the ele-
ments of the A set. This image is characterized by some 
operator 

Н: A = H(F). 
In the general case, the task of synthesis of SAM 

structure is to determine [5]:  
– sets of principles of design

P ;      (1) 
– sets of functions performed by ADS

( );      (2) ( )f F 
– sets of elements that can implement the chosen princi-
ples and carry out functions 

( a A )                               (3) 
in determining the optimal projection of the elements of 
the set of performed functions on the set of interrelated 
elements  

   ( )a A H f F    .   (4) 

The combination of all functions of the system and 
its components form the functional structure of the sys-
tem, which is built on a hierarchical basis. For complex 
systems consisting of a large number of elements, the 
functional structures are rather cumbersome and diffi-
cult to analyze. Thus, condition (2) of synthesis by stan-
dard methods is difficult to analyze. The same situation 
takes place with elements of the structure (4). 

One of the approaches invented by mankind to 
overcome complexity is an abstraction. We introduce 
the concept of the classes structure and the objects 
structure that together form the system architecture. 
Moreover, we consider the class as a rather abstract 
knowledge system (1–4) about SAM, the name of which 

coincides with the class name. Classes form a structural 
hierarchy of the type “to be part”, objects of type struc-
ture “is a” [15]. Further, the functions described in the 
class can be implemented using a variety of different 
structures. Objects are generated by classes and repre-
sent the implementation of any variant of the structure 
that provides the execution of the specified functions. 

Actually, the design process is a process of ab-
stract thinking. New obtained knowledge about the mis-
sile requires confirmation by practice.  

The process of transferring abstract knowledge to a 
specific object is a construction process (Fig. 1). There 
is no difference if a concrete physical object or simulat-
ing model is constructed.  

The method of synthesis of the object-oriented 
model of SAM guidance loop involves the stages of 
research shown in Fig. 3. 

Air defense system is a large system that is not ob-
served simultaneously from the perspective of one ob-
server, for which there is a significant spatial factor, the 
number of subsystems of which is very large, and the 
composition is heterogeneous.  

The system decomposition of the design task of 
SAM leads to the fact that in composition of SAM there 
are separate units of armament and military equipment 
[5]: 

 1 2, ,..., nA A A A .                         (5)

For each unit of equipment it is possible to de-
termine the set of its system functions 

 1 2( ) , ,...,i i i iFS A FS FS FS m .              (6)

For SAM it is possible to determine the set of 
XM input impacts  

 1 2, ,..., lXM x x x .                      (7)

The interconnection between the system functions 
of the armament and military equipment sample from 
the composition of SAM and the set of input impacts of 
the XM missile can be represented as a matrix of binary 
relations  

 c j(k) i mFS(A ) X  
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This armament and military equipment sample en-

ters the guidance loop when , s
ik jFS x R   condition 

is fulfilled, there is interconnection between function of 
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the armament and military equipment sample and the 
input influence for SAM. 

When designing SAM it is important to take into 
account the missile interaction with the external envi-
ronment [10–13]. At the same time, there are sets of 

elements of SAM that the ADO (array of designed ob-
jects) interacts with during operation and the class of 
objects describing the environment AEO (array of envi-
ronmental objects). 

System decomposition of the problem of air defense system designing, determining the set of elements of ADS 
that the SAM interacts with, ADO (an array of designed objects)

An analysis of the operation of the guidance loop elements, the formation of functions set and their encapsulation 
into objects of the class, AEO (an array of environmental objects)

Structure formation of guidance loop classes - AGL (an array of guidance loop objects)

Problem structural decomposition of the surface-to-air 
missile design, formation of the classes structure 

describing the main components of the missile - MOM 
(main objects of missile)

Problem functional decomposition of the surface-to-
air missile design, formation a set of SF systemic 

functions describing the behavior of the SAM in the 
external environment

Formation of the class structure describing the main missile systems of the MMS (main missile systems)

Designing of separate systems at the level of a functional model, definition of internal functions 
of MMS classes ( )iF s

Integration of MMS classes functions into separate components of a missile - MOM classes.

Structural design of missile components - as an integrating elements process into MOM classes, developing 
models for the operation of the main missile components

Determining the composition of elements that provide the implementation of individual functions

Structural design of the surface-to-air missile – as a process of integrating missile components into the AM class, 
developing a model for the functioning of SAM

Structural design of the guidance loop - as a process of integrating surface-to-air missile into the air defense 
system, the development of a composite model of the functioning of the ADS in the guidance loop

Operational and tactical requirements for the air defense system, 
results of the implementation of the avant- project

Fig. 3. General structure scheme of the synthesis method of object-oriented model of guidance loop  
the path of surface-to-air missile 

Formation of the structure of the guidance loop 
classes – AGL (array of guidance loop objects) 
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AGL AM ADO AEO   .                 (9) 
The structural decomposition of the design prob-

lem of SAM, the formation of the class structure, de-
scribes the main components of the missile – MOM 

(main objects of missile), is carried out on the basis of 
the definition of the outline of future-technology SAM 

 1 2 6, ,...,MOM b b b ,  (10) 

where b1 – active radar target seeker; b2 – block pulsed 
SPRE; b3 –guidance system; b4 – warhead; b5 – jet en-
gine; b6 – aerosurfaces actuators system. 
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Functional decomposition of the design problem of 
SAM, the formation of a set of SF system functions, 
describing the behavior of future-technology SAM in 
the external environment  

 1 1, ,..., s s smf fS fF  .  (11) 

This process is carried out by describing the stages 
of the flight of the missile and forming a vector of the 
initial parameters (providing a simulation of its 6-
dimensional motion). 

The stages in forming the structure of the classes 
describing the main missile systems (MMS) and the de-
sign of separate systems at the level of the functional 
model are connected with the block-hierarchical ap-
proach to design. 

The block-hierarchical design paradigm has 
historically developed so that groups of developers 
specializing in the design of separate systems, followed 
by their aggregation. Therefore, when implementing 
object-oriented design, this approach is retained. 

As an example, it is possible to refer the functional 
model of the flight-control system, which structure of 
MMS classes that can be represented in form 

 1 2 3, ,sMM sS s ,  (12) 

where 1s  – guidance system; 2s  – control system; 3s  – 

navigation system. 
When designing separate systems of SAM, a func-

tional scheme of the corresponding system is developed. 
For example, there are many internal functions of the 
control system  

2 1 2( ) ( , ,..., )jF s F F F .            (13) 

A set of internal class MMS functions 
3

1
( ) ( )i

i
FMMC s F s


  .      (14) 

The phase of integrating the system and internal 
functions of MMS classes into separate components of 
the missile – the MOM classes represents a transfer 
from system to structural design of missile equipment.  

As a result of this phase, a functional scheme of 
the airborne part of missile flight-control system is be-
ing developed (Fig. 4). The process for determining the 
composition of elements that provide the implementa-
tion of separate functions currently has a fundamental 
difference from the similar processes used in the devel-
opment of existing SAM.  

This is due to an increase in the level of encapsula-
tion of functions in the basic elements of SAM. 

Under the basic element is understood part of a 
system with determined functions (which has a certain 
behavior) and is not subject to further breakdown within 
the framework of the problem being solved. 

Currently, the developer uses the objects that im-
plement a large number of functions as the basic ele-

ments. Main part of the functions that define the data 
processing are encapsulated in the “element”. 

Formation of sets of A basic elements and their 
( )F A  functions allows getting to a higher level of struc-

tural design of missile components by integrating basic 
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elements into MOM classes. The CSHM class (control 
system of homing missile) is considered as an example of 
a stabilization system includes a set of ele

.     (15) 

ments 

 1 2, ,..., тa aСSHM a

Accordingly, the set of functions FCSHM (func-
tions CSHM) implemented by a set of elements 

1
( ) ( )

m

i
i

FCSHM A F a


  .     (16) 

The presence of sets of basic elements and the 
functions performed by them allows proceeding to the 
next level of structural design – the development of de-

vices included in separate components of the missile – 
MOM classes.  

Fig. 5. General srtuctural scheme of the modified method of electronic launches 
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4.3. Correcting the model of the surface-to-air missile guidance loop and 
verification of its adequacy

Phase 5. Verification of the SAM experimental prototype during ground tests

5.2. Correcting the surface-to-air missile model and verification of its adequacy

5.3. Correcting the model of SAM guidance loop and verification of its 
adequacy

5.1. Correcting the model of the surface-to-air missile main components and 
verification of their adequacy

Phase 6. Flight tests of surface-to-air missile

6.2. Flight preliminary tests with launches of surface-to-air missile

6.3. Flight tests of SAM using the experimental and theoretical method

6.1. Flight preliminary tests of surface-to-air missile in general and 
elements of its design and equipment
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Next phase of structural design are related to the 
aggregation of the guidance loop model at higher levels. 

The next important step of OO-design (Fig. 1) is a 
test / simulation modeling. From a cognitive point of 
view, there are no serious differences between the tests 
of SAM as a physical object and the simulation of SAM 
as some virtual object. When providing the necessary 
model adequacy to the real object, the differences be-
come insignificant. The main thing here is that the pres-
ence of a ratio between test processes and simulation 
model changes the logic of creating complex military 
technical systems. 

Experimental-theoretical method of studying the 
characteristics of the guidance loop becomes the main 
one, and the research itself, combined into a modified 
method of electronic launches, forms a single complex 
of full-size and model tests at all stages of the creation 
of SAM. The general structure of the modified method 
of electronic launches is shown in Fig. 5. 

The ratio between the total number of n tests and 
the number of pn  real launches is determined by the 

value of the coefficient of r correlation between the re-
sults of real launches of SAM and their simulation. 
When the ratio between the volumes of real launches 
and the number of runs of the p mn n  model [5]: 

2

1

1p

n

n r



.      (17) 

Thus, a combined estimate compared to an esti-
mate obtained by the results of real launches, is accept-
able for accuracy or efficiency only when a high corre-
lation between the start and simulation results is en-
sured. 

The adequacy of the design model of SAM guid-
ance loop and the adequacy of the model of external 
influences should be ensured.  

During designing, with the accumulation of 
knowledge about the projected system to increase the 
adequacy of simulation models, the transition to hard-
ware-software models is carried out. From a systemic 
point of view, in the initial two phases of the modified 
method of electronic launches, an imitation model of the 
design of SAM outline, that serves as a model for the 
formalization of knowledge, is created. 

The third phase of research is carried out in order 
to refine the mathematical model, taking into account  

the practical implementation of missile systems. Cur-
rently, the transfer of the “center of gravity” of the pro-
ject tasks from the stage of working design to the stage 
of sketch design (engineering), during which a proto-
type model is formed. This model is high-level repre-
sentation of  projected SAM. In this case, the verifica-
tion task of the characteristics of complex systems in the 
initial stages of development becomes actual. To do 
this, a special model-oriented platform is used. An ex-
ample of such platforms can be the automatic design 
system Agilent SystemVue, which is used to design and 
simulate the working conditions of SAM radio equip-
ment [14].  

The next phase of electronic launches method is 
related to the subsequent increase in the adequacy of the 
model. 

The use of modern SAM data sensors with digital 
output creates the possibility of further increasing the 
adequacy of the hardware-software model by replacing 
the missile model with the electronic launch of the mis-
sile model for which the flight conditions are modeled.  

New situation is realized in which, all the main 
components of guidance loop are represented by real 
objects and modeling errors are related to the simulation 
of external environmental influences and system func-
tions of the missile. 

The phase of previous flight tests is aimed at inter-
action of the missile with the external environment, con-
firmation of the given tactical and technical characteric-
tics of missile, calibration of the hardware-software 
model of the guidance loop. 

The phase of flight acceptance tests is organized in 
accordance with the requirements of the customer, 
which is responsible for their conduct. 

Conclusion 

The classic block-hierarchical design paradigm 
and cascade (waterfall) life cycle model do not provide 
enough design efficiency. The conclusion is made on 
the need to use a spiral (evolutionary) object-oriented 
model for SAM designing using an object-oriented ap-
proach and a modified method of “electronic launches” 
as technologies that integrate within the framework of 
common approaches the issue of testing and simulation 
modeling of SAM at all stages of designing. 
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МЕТОД ПРОЕКТУВАННЯ ЗЕНІТНИХ КЕРОВАНИХ РАКЕТ ІЗ ЗАСТОСУВАННЯМ  
ОБ’ЄКТНО-ОРІЄНТОВАНОГО ПІДХОДУ І ТЕХНОЛОГІЇ ЕЛЕКТРОННИХ ПУСКІВ 

О.В. Турінський, А.Б. Скорик 

У статті розглядаються системно-концептуальні аспекти проектування зенітних керованих ракет. Використо-
вуючи досвід виконання проектних робіт із створення систем високоточної зброї в Україні зроблено висновки, що кла-
сична блочно-ієрархічного парадигма проектування і каскадна модель життєвого циклу вже не забезпечують достат-
ньої ефективності процесу проектування.. 

Запропоновано спіральну об’єктно-орієнтовану модель проектування зенітних керованих ракет, що дозволяє під-
вищити ефективність проектування при скороченому обсязі контрольних льотних випробувань. Розроблено загальну 
структурну схему методу об'єктно-орієнтованого проектування ЗКР. Виконано формування класів, об’єктів та стру-
ктур, що являються формалізованими механізмами синтезу зенітних керованих ракет, при цьому використані теоре-
тичні засади об’єктно-орієнтованої методології проектування, що поєднує в собі процес об’єктної декомпозиції і при-
йоми представлення логічної,  фізичної, статичної та динамічної моделі проектованої системи.  

Розроблено метод синтезу об'єктно-орієнтованої моделі контуру наведення ЗКР, сформульовані і розглянуті 
етапи синтезу. Приведено можливий варіант побудови функціональної схеми бортового контуру управління перспек-
тивної ЗКР. 
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Зроблено висновок, що з пізнавальної точки зору відсутні які-небудь серйозні відмінності між випробуваннями 
ЗКР як фізичного об'єкту і імітаційним моделюванням ЗКР як деякого віртуального об'єкту. При забезпеченні необхід-
ної адекватності моделі реальному об'єкту відмінності стають несуттєвими. Виходячи з цього факту декларується, 
що дослідно-теоретичний метод дослідження характеристик контуру наведення стає основним, а самі дослідження, 
що об'єднуються в модифікований метод електронних пусків утворюють єдиний комплекс натурних і модельних випро-
бувань на усіх етапах проектування ЗКР. 

Ключові слова: об'єктно-орієнтований синтез, контур наведення зенітних керованих ракет, проектування ЗКР, 
ЗРК, класи і об’єкти моделі, метод “електронних пусків”. 

МЕТОД ПРОЕКТИРОВАНИЯ ЗЕНИТНЫХ УПРАВЛЯЕМЫХ РАКЕТ С ИСПОЛЬЗОВАНИЕМ  
ОБЪЕКТНО-ОРИЕНТИРОВАННОГО ПОДХОДА И ТЕХНОЛОГИИ ЭЛЕКТРОННОГО ПУСКА 

А.В. Туринский, А.Б. Скорик  

В статье рассматриваются системно-концептуальные аспекты проектирования ЗУР. Используя опыт выполне-
ния проектных работ по созданию систем высокоточного оружия в Украине сделаны выводы, что классическая блоч-
но-иерархическая парадигма проектирования и каскадная модель жизненного цикла уже не обеспечивают достаточ-
ной эффективности процесса проектирования.  

Предложена спиральная объектно-ориентированная модель проектирования ЗУР, позволяющая повысить эф-
фективность проектирования при сокращенном объеме контрольных летных испытаний. Разработана общая струк-
турная схема метода ОО-проектирования ЗУР. Выполнено формирование классов, объектов и структур, являющихся 
формализованными механизмами синтеза зенитных управляемых ракет, при этом использованы теоретические основы 
объектно-ориентированной методологии проектирования, сочетающей в себе процесс объектной декомпозиции и 
приемы представления логической, физической, статической и динамической модели проектируемой системы. 

Разработан метод синтеза объектно-ориентированной модели контура наведения ЗУР, сформулированы и рас-
смотрены этапы синтеза. Предложен возможный вариант построения функциональной схемы бортового контура 
управления перспективной ЗУР.  

Сделан вывод, что с познавательной точки зрения отсутствуют какие-либо серьезные различия между испыта-
ниями ЗУР как физического объекта и имитационным моделированием ЗУР как некоторого виртуального объекта. 
При обеспечении необходимой адекватности модели реальному объекту различия становятся несущественными. Ис-
ходя из этого факта декларируется, что опытно-теоретический метод исследования характеристик ЗУР становится 
основным, а сами исследования, объединяются в модифицированный метод электронных пусков и образуют единый 
комплекс натурных и модельных испытаний на всех этапах проектирования ЗУР.  

Ключевые слова: объектно-ориентированный синтез, контур наведения зенитных управляемых ракет, проекти-
рование ЗУР, ЗРК, классы и объекты модели, метод “электронных пусков”.  
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