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Abstract—The optimization procedure in computer-aided design problem is considered. The method of 
unmanned aerial vehicles structure constructing is proposed. The methodic of optimal weight coefficients 
values choice is developed.  
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I.  INTRODUCTION 

Computer-aided design (CAD) is the use of 
computer systems to assist in the creation, modifica-
tion, analysis, or optimization of a design [1]. Com-
puter-aided drafting describes the process of creating 
a technical drawing with the use of computer soft-
ware [2]. CAD software is used to increase the 
productivity of the designer, improve the quality of 
design, improve communications through documen-
tation, and to create a database for manufacturing. 
CAD output is often in the form of electronic files for 
print or machining operations. Computer-aided de-
sign software uses either vector based graphics to 
depict the objects of traditional drafting, or may also 
produce raster graphics showing the overall appear-
ance of designed objects, also called as render. 
Computer-aided design often involves more than just 
creation of 2D drawings and 3D models. As in the 
manual drafting of technical and engineering draw-
ings, the output of CAD must convey information, 
such as materials, processes, dimensions, and toler-
ances, according to application-specific conventions.  
Computer-aided design is one of the many tools used 
by engineers and designers and is used in many ways 
depending on the profession of the user and the type 
of software in question. 

Computer-aided design is one part of the whole 
Digital Product Development activity within the 
Product Lifecycle Management processes, and as 
such is used together with other tools, which are 
either integrated modules or stand-alone products.  
3D parametric solid modeling requires the operator to 
use what is referred to as “design intent”. The objects 
and features created are adjustable. Any future mod-
ifications will be simple, difficult, or nearly imposs-
ible, depending on how the original part was created. 
One must think of this as being a “perfect world” 
representation of the component. If a feature was 
intended to be located from the center of the part, the 
operator needs to locate it from the center of the 
model, not, perhaps, from a more convenient edge or 

an arbitrary point, as he could when using “dumb” 
solids. Parametric solids require the operator to con-
sider the consequences of his actions carefully.  

Some software packages provide the ability to edit 
parametric and nonparametric geometry without the 
need to understand or undo the design intent history  
of the geometry by use of direct modeling functio-
nality. This ability may also include the additional 
ability to infer the correct relationships between 
selected geometry (e.g., tangency, concentricity) 
which makes the editing process less time and labor 
intensive while still freeing the engineer from the 
burden of understanding the models. These kind of 
non-history based systems are called Explicit Mod-
ellers or Direct CAD Modelers. 

Top end systems offer the capabilities to incor-
porate more organic, aesthetics and ergonomic fea-
tures into designs. Freeform surface modeling is 
often combined with solids to allow the designer to 
create products that fit the human form and visual 
requirements as well as they interface with the ma-
chine.  

Originally software for CAD systems was de-
veloped with computer languages such as Fortran, 
but with the advancement of object-oriented pro-
gramming methods this has radically changed. Typ-
ical modern parametric feature based modeler and 
freeform surface systems are built around a number 
of key C modules with their own APIs. A CAD sys-
tem can be seen as built up from the interaction of a 
graphical user interface with NURBS geometry 
and/or boundary representation (B-rep) data via a 
geometric modeling kernel. A geometry constraint 
engine may also be employed to manage the asso-
ciative relationships between geometry, such as 
wireframe geometry in a sketch or components in an 
assembly.  

Unexpected capabilities of these associative rela-
tionships have led to a new form of prototyping called 
digital prototyping. In contrast to physical proto-
types, which entail manufacturing time in the design. 
That said, CAD models can be generated by a com-
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puter after the physical prototype has been scanned 
using an industrial CT scanning machine. Depending 
on the nature of the business, digital or physical 
prototypes can be initially chosen according to spe-
cific needs.  

Today, CAD systems exist for all the major plat-
forms (Windows, Linux, UNIX and Mac OS X); 
some packages even support multiple platforms. List 
of advanced CAD software includes Unigraphics, 
AutoCAD, SolidWorks, PRO/Engineer, SolidEdge, 
CATIA etc. 

At the initial stage of design of technical facilities 
solved the problem of structural and parametric 
synthesis. With the introduction of computers and 
software in the process of designing the development 
of these procedures has gone in different directions.  

Parametric synthesis and parametric optimization 
has engaged a large number of designers and pro-
grammers around the world. This is due to the fact 
that the problems of parametric design lend them-
selves well to formalize and their solutions developed 
quite a lot of methods based on the use of capabilities 
of traditional mathematics. 

Structural design is based on a combination of 
discrete variables with the conditional logic con-
straints require the creation of new engineering me-
thods with the possibility of their use in comput-
er-aided design (CAD).  

To solve the problem of finding new options for 
design-layout scheme of unmanned aerial vehicles 
(UAV), the technique of structural synthesis, based 
on the use of structural and parametric mathematical 
models of UAV quality alternatives signs of UAVs 
and their estimates obtained by the expert and the 
subsequent rapid analysis of selected options con-
structive-layout scheme for compliance with speci-
fied requirements.  

II. PROBLEM STATEMENT 

To date, a large number of local technical solu-
tions (TS) on ingredients UAV, designed in the form 
of electronic libraries and directories that may result 
from informational search the available databases. 
Comparing these locale olfactory solutions with 
dedicated features of the structure of the designed 
UAV formed a fairly complete set of morphological 
TS on the overall structure of the UAV.  

In this regard, the problem of finding solutions to 
new versions of the structure proposed UAV struc-
tural synthesis technique based on the use of struc-
tural models in the form of tables and morphological 
morphological trees of quality variants of the signs of 
UAVs and their estimates obtained by an expert. The 
final stage of the procedure is to assess the structural 
synthesis of selectable options for the structure of the 

UAV to meet the requirements of project with rapid 
analytical method.  

III. THE METHOD OF UAV STRUCTURE 
CONSTRUCTING 

Essence of the method of structural synthesis 
(structural optimization) is to decompose the pro-
jected allocation of the UAV and its most essential 
features. 

Importance is assessed for signs of their impact on 
the performance of the main functions of the UAV. 
For each feature set optional alternative, which may 
be either existing TS or TS contained in a legally 
existing patents and copyright Indicative Islands. A 
set of attributes and their UAV alternatives forms a 
set of morphological TS.  

Structural Synthesis of UAV consists of three 
steps: forming a plurality of input information, se-
lection of suboptimal decisions and selection of op-
timal solutions. Stages of structural synthesis of 
UAVs and corresponding to them tasks are shown in 
the diagram in Figure. According scheme use of the 
morphological approach allows to input a large 
number of analogues and prototypes into morpho-
logical solution set during first stage of constructing 
structure UAV. The morphological set TS is divided 
into morphological subsets according to the extracted 
features from which variants of design elements and 
features of the designed UAV are retrieved. 

The set of elements of each of the options and 
features UAV generates a plurality of structures of 
UAV.  

Firstly, more recent alternative features are chosen 
from the catalogs of patents and copyright certifi-
cates.  

Secondly, all of the alternatives signs UAV via 
check for compliance with the specified require-
ments, or for compatibility with each other. Model 
description of the procedure is given in Table [3], [4].  

Thirdly, a set of specific indicators of quality for 
each feature is introduced. For each component total 
normalized rating scale (values selected by using the 
methods of expert judgment) is set with respect to any 
of the compared alternatives signs. 

Complex criterion Fi can serve as measure of 
quality of alternative features can serve, where i is 
number of alternative characteristic representing a 
partial sum of an alternative embodiment of quality 
taking into account their weights.  

Criterion Fi  is defined by the formula: 
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where i

jc  weighting jth quality indicator ith alterna-

tive feature; i
jc  jth quality indicator ith alternative 

feature; k is number of quality indicators studied trait. 
Assignment of each indicator as a weight is an 

expert in accordance with the degree of influence on 
the index performance of a task, as shown in [5]. In 

the case where only experts conduct the provider of 
rank n in descending order of importance, the weights 
may be determined as shown in [6] by formula: 
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The sequence of problems of structural synthesis of UAV 

Compatability of alternative variants of features of UAV 
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As shown in [4], to describe the UAV as a sign of 
its functional elements, or UAV in general are also 
various parameters (size, weight, volume, etc.).  

Communication parameters with the functional 
elements of the newly created structures UAV estab-
lished by transferring them from the prototypes that 
have similar structure.  

The transport links to the functional parameters of 
the elements of prototypes for the functional elements 
of the latest versions of the structure UAV acquire the 
property of the modified existing TS.  

As the newly formed structure variants UAV dif-
ferent from the existing analogue prototypes and any 
other signs, then their properties will also be different.  

Thus selected options structure UAV are calcu-
lated and evaluated for compliance with the specified 
requirements of the simplified analytical method.  

Software implementation techniques of structural 
synthesis of the UAV in a CAD image of UAV based 
on the use of product data management SWR-PDM 
Russian company Solid Works-Russia.  

IV.  CONCLUSION 
The aggregation methodic of optimal localhood 

optimization tasks solutions is proposed. The algo

rithm of UAV multicriteria optimization is based on 
mathematical models use. The given approach per-
mits to improve the quality of design and to decrease 
time and cost of design.  
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