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Towards an Open-Source Industry CAD: A Review of System Development Methods
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Abstract: Due to the industry knowledge barrier, general computer aided design (CAD) software cannot do everything in digital manufacturing by itself, and industry CAD,
therefore, occupies a crucial position in the CAD industry. To develop industry CAD smoothly, open-source is the best choice. We analyzed recent examples of industry
CAD development and divided the development methods into four types: development based on the graphics development environment, development based on geometric
modelling kernel, secondary development based on general CAD, and hybrid development. We analyzed the characteristics of various methods and believe that the method
based on the hybrid development of the geometric modelling kernel and the graphics development environment is the best open-source industry CAD development method.
We proposed a system architecture of open-source industry CAD for reference and conducted a preliminary exploration of the reference architecture to verify its feasibility.
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1 INTRODUCTION

Digital manufacturing is developing rapidly, and CAD
software has become one of the main forces in this
industry. However, the current general CAD software
cannot fully meet the requirements of various industries for
CAD software functions, especially when it comes to
industry standards and specifications. Industry CAD has
become an indispensable part of CAD industry, and the
development method of industry CAD has gradually
attracted the attention of developers. To develop industry
CAD smoothly, open-source is the best choice. Open-
source will allow developers in different industries to refer
to the CAD development methods of other industries to
develop CAD for the industry they need. At the same time,
the extension of excellent open-source architecture can
also accelerate the development of industry CAD systems,
improve development efficiency, forming a virtuous circle
of industry CAD software development.

This paper investigates how to develop open-source
industry CAD systems. We divide current industry CAD
development methods into the following four types:
development based on the graphics development
environment, development based on geometric modelling
kernel, secondary development based on general CAD
software, and hybrid development. We analysed the
characteristics of different methods according to industry
CAD development examples. We analysed their
advantages and disadvantages associated with open-
source, development difficulty, development cycle,
development results, efficiency, performance, etc., and
conducted a unified comparison and evaluation.

Based on the survey, we put forward a development
architecture with good applicability for open-source
industry CAD systems and conducted a preliminary
exploration for the feasibility of the reference architecture.
Through comparative testing, the feasibility of the
architecture was initially verified.

The organization structure of this paper is as follows:
Section 2 briefly introduces typical general CAD software
and its composition, function and application scope.
Section 3 introduces four methods of industry CAD
development and analyzes their characteristics combined
with examples. Section 4 presents our recommended
development architecture for open-source industry CAD

system, and analyzes it through practice. Section 5
summarizes our work and looks forward to the next step.

2 GENERAL CAD SOFTWARE

Since the first CAD system Sketch Pad [1] came out in
1963, the general CAD software has undergone a transition
from 2D to 3D, and its functions have gradually expanded
to implement graphics drawing functions, powerful
graphics editing functions, multi-mode secondary
development functions, professional user customization
functions, multiple graphics format conversion functions,
and flexible data exchange functions. Current CAD
software has covered engineering drawing, industrial
drawing, clothing processing, electronics industry, civil
engineering, garden engineering, and other industries.

At present, common general CAD software includes
UG, FRO/E, AutoCAD, CATIA, SolidWorks, FreeCAD,
etc. These CAD software are composed of the geometric
modelling engine, visualization engine, geometric
constraint solver, Ul framework, etc., provide stable and
accurate 2D drawings, flexible and complex 3D parts
transfer, large-scale file format conversion, and multi-
mode secondary development, etc. However, general CAD
software cannot meet the requirements of various
industries, the peculiarity of industrial parts, and industry
assembly rules in terms of functions. In terms of
performance, it may not meet certain industry's special
requirements for the functional performance of a certain
module. For example, the clothing industry [2] that draws
clothes sketches in the 2D environment often needs to
evaluate their effects in the 3D environment, and general
CAD software does not provide the transformation
function that requires clothing expertise; the criminal
investigation industry [3] uses mobile devices to collect
On-site evidence, which requires CAD software to provide
the conversion interface of special instrument data, the
compatibility of different hardware data, and the
standardized rendering of graphics data. Therefore, the
current general CAD software still needs improvement.

Nowadays, the requirements for CAD performance in
various industries are complicated. General CAD cannot
meet the professional needs of all industries, which
requires CAD developers to develop industry-specific
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CAD systems for each one. The development method of
industry CAD is the focus of this paper.

3 INDUSTRY CAD DEVELOPMENT METHODS

In this section, based on the development environment
of the core functions of the CAD systems, we divide the
industry CAD development methods into development
based on the graphics development environment,
development based on geometric modelling kernel,
secondary development based on general CAD software
and hybrid development. We will introduce their
dependent environment, examples, and characteristics.

3.1 Development Based on Graphical Development
Environment

The essence of the graphics development environment
is an application programming interface (API) library,
which provides users calling APIs with operations such as
drawing, deformation, and displacement of basic
geometric figures. It does not provide operations with CAD
characteristics, such as stretching, rotating, sweeping, and
Boolean operations.

Currently, the popular graphics development
environment is OpenGL (Open Graphics Library) and
DirectX and their extended versions, both of which have
good graphics expression and rendering capabilities. In the
process of CAD development, OpenGL provides splines
and complex graphics and is superior to DirectX in terms
of performance and development. Therefore, OpenGL is
often used for the development of CAD systems, while
DirectX is often used for animation and simulation.

Yuan Yan et al. [5] developed CAD software for the
design and manufacture of corrugated boxes based on
OpenGL. The system builds corrugated boxes with
complex geometric shapes through OpenGL, provides
designers to design corrugated boxes through parameter
characteristics and test their industry properties like load-
bearing, etc.

Eduardo Calabuig-Barbero et al. [6] implemented a
high-compatibility shoe CAD model based on OpenGL to
optimize the visualization function of the shoe CAD
systems. This model will be used in the shoe CAD systems
to display different material designs.

Xiaowen Qi et al. [7] developed a CAD system for
garden design based on OpenGL and used OpenGL to
expand the garden modelling required for garden design.
The system provides terrain design, planning design,
planting design, sprinkler design, data statistics,
construction drawings, rendering, and animation.
Designers directly call and parametric edit 3D modelling
in the system for 3D design. With the 3D views, the system
enables designers to design garden scenes intuitively, and
experience the design effect realistically.

F. Kober et al. [8] developed a power configuration
CAD system based on OpenGL, which shows the main
features of power and geometric data in geographic
positioning. The system uses OpenGL to display the power
lines of each area.

Jun Xu et al. [9] developed clothing design CAD
software based on OpenGL and it is used to design skirt
models and provides a parametric modification of skirt

length and contour folds. The system constructs the
geometric shape of the skirt through OpenGL. When
designers and customers customize skirts, customer needs
will be intuitively reflected by adjusting parameters.

Gao Qiang [10] developed a CAD system for
designing glass packaging containers based on OpenGL.
The system uses OpenGl to generate a 3D model of the
glass container, and designers modify the glass container
by adjusting its parameters.

Yin Shuyun [11] developed a CAD system for fiber
winding design based on OpenGL and simulates the
process of winding fiber on the winding core mold.
OpenGL draws the winding core mold and the winding
fiber, and the designer designs by adjusting the parameters
of material and winding trajectory.

We found that developing CAD systems based on
graphics development environments generate complex
geometric shapes directly, and provide designers to design
through parameterized adjustments or call models directly.
The system provides designers with an intuitive visual
design platform or tests the models based on industry
regulation.

The graphics development environment does not
provide traditional CAD operations such as stretching,
rotating, and sweeping, which is not convenient for
developers to develop similar functions to provide designer
operations. Therefore, most of the CAD systems developed
by this method do not provide designers to generate 3D
models through 2D sketch editing directly. At the same
time, the graphics development environment provides
functions directly editing complex geometric shapes; thus,
developers can generate complex geometric models
through curve modelling. By the reserved APIs, designers
can flexibly edit complex parameterized models.

In terms of function, the systems developed by this
method have single function and simple structures that
provide designers to generate preset geometric models and
perform parametric editing directly. The method will be
under consideration while developing simple mobile CAD
systems.

This method requires developers to have a good
foundation in computer graphics and build complex
geometric models by programming. It requires a great deal
of work and long development cycle to implement a
completed CAD system. But since the underlying function
of the system is implemented by developers themselves, it
provides high freedom for development. The underlying
functions are fully oriented towards the development of
system functions, and the system executes effectively.
During development process, the usage of closed-source is
avoidable, so the method can effectively reduce
development costs and facilitate open-source research.
Using this method to develop industrial CAD, the
development of industry-specific functions will only be
limited by the technical level of developers, and the
development of industrial functions related to traditional
CAD operations is more difficult than in other methods.

In terms of technical routes, the development of
industry CAD systems based on the graphics development
environments requires priority to solve programming
problems of geometric models, set parameters according to
industry needs, write verification algorithms for the
character of the model, and encapsulate the system's
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interface by Ul framework. The graphical development
environment often acts as a visualization tool in the system.

3.2 Development Based on Geometric Modelling Kernel

The geometric modelling kernel is a class library
essentially, and it provides the basic operations of the
traditional CAD system, including 2D sketch operations
and 3D model operations, etc.

The current mainstream geometric modelling kernels
include Parasolid, ACIS, OpenCASCADE, etc. As the
world's first geometric modelling kernel, Parasolid has
powerful, complex, and stable geometric modelling
functions, and is now the most widely used geometric
modelling kernel; ACIS and Parasolid are from the similar
scientific research team, with advanced architecture,
perfect API System, and high-efficiency general entity
modelling technology; OpenCASCADE, as the only open-
source geometric modelling kernel currently, has good
curve processing capabilities.

Mykhaskiv [12] designed a CAD system architecture
based on OCC that combines the computational grid using
flow simulations (DFC). The system based on the
architecture provides efficiently designing of geometric
models such as fluid curves.

M. Coleman et al. [13] developed a CAD system based
on OCC to quickly generate 3D models of nuclear reactors.
The system provides neutronics data analysis, which is
convenient for the nuclear power industry to confirm the
safety of design work.

Zhong Jiao [14] developed a CAD system for
designing paper-cut styles based on ACIS. The system
takes the structure of the ACIS geometric modeling kernel
as the core of the architecture to implement the entire
system.

Qingxi Xie [15] developed a CAD system for base
station site selection based on ACIS. The system uses the
ACIS kernel as the core of the system display architecture.
By adding two automatic algorithms for base station site
selection, the data from Google Maps is analyzed and
processed to implement automatic location selection.

Amit Kumar Bedaka et al. [16] developed a CAD
system for robotic arm path simulation based on OCC. The
system uses CAD offline programming technology to
increase design efficiency. OCC serves as the key core
technology in the system for each application module.

Thanh Hai Tuan Tran et al. [17] developed a CAD
system for additive manufacturing (AM) based on OCC.
The system uses feature recognition to analyze the
detachability of the auxiliary bracket during the AM
process. Feature recognition, as the core part of the system,
is implemented on the basis of the topology of the OCC
geometric model.

Martin Siggel et al. [18] introduced an open-source
CAD system for aircraft simulation based on OCC. The
system modeling strictly follows The Common Parametric
Aircraft Configuration Schema (CPACS) industry standard
and provides the design and optimization of aircraft. The
system relies heavily on OCC to implement the functions
of the system.

Li Yanfeng et al. [19] developed a CAD system for
quantum chip design based on OCC. The system provides
parametric editing of models from the standard parts

library to generate quantum parts automatically. The work
focuses on the meaning of independent copyrights around
OCC.

Wang Tong [20] developed a CAD/CAE system for
the riser burning process of steel castings based on OCC,
using Drosophila optimization algorithm, hybrid numerical
simulation, and other intelligent analysis algorithms to
optimize the parameter settings of steel castings and
improve the steel casting quality. The CAD part of the
system is implemented on the basis of OCC.

We found that when developing an industry CAD
system based on a geometric modeling kernel, the
geometric modeling kernel is taken as system core, and
most of the basic CAD functions are implemented into the
basis of the geometric modeling kernel function. System
developers put much energy on design data processing,
design parameter setting, design method simplification,
etc. The system allows users to design industry parts
referring to industry specifications.

This method is convenient to implement the basic
functions of the CAD system, such as Boolean operations,
stretching, sweeping, and other geometric model
operations, and is currently the most common method for
general CAD software development such as CATIA,
SolidWorks, AutoCAD, T-FLEX [21].

The geometric modelling kernel packs basic geometric
models such as points, lines, and surfaces to unify complex
geometric operations. It makes the freedom to implement
complex geometric models slightly worse than the
development method based on the graphical development
environment. At present, only OCC is open-source as the
common geometric modeling kernel. Therefore, it is
necessary to consider the lack of open-source materials
when conducting open-source research and maintaining
independent copyrights.

Through this method, most of the basic functions will
be implemented by expanding the function of the
geometric modelling kernel. Then, add geometric
constraint solvers and other core components of CAD
software, design industry standards and methods, and
implement interface packaging to achieve a complete
industry CAD system. The development effect of interface
display functions, such as high-precision rendering and
special deformation, which are specially required by the
industry, will be limited by the interface rendering
interface provided by the geometric modeling kernel.
However, the open source geometric modeling kernel is
often difficult to fully meet the needs of industrial CAD
rendering.

3.3 Secondary Development Based on General CAD
Software

The secondary development based on general CAD
software is to make custom modifications or function
expansions on the basis of CAD software to implement the
design of the developer's estimated function. In principle,
this method does not modify the basic function of the
original CAD software, but only calls the secondary
development APIs provided by the CAD software.

Most general CAD software will provide APIs that
supports secondary development, such as Grade and User
Function of UG, Pro/TOOLKIT and Automation
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GATEWAY of Pro/E, Automation and KnowledgeWare of
CATIA, SolidWorks API of SolidWork, AutoLISP and
Visual LISP of AutoCAD, workbench of FreeCAD, etc. At
present, expanding CAD functions based on the secondary
development of general CAD is the most common method
to develop industry CAD systems.

Gongli Tan [22] developed a CAD system based on
CATIA to generate feature libraries of various angles and
liquid levels automatically. The system obtains the
characteristic data of the oil silo from various angles, calls
CATIA's volume calculation function to generate oil
volume data under different angle parameters, and
automatically stores the data in the database. The system is
a functional expansion of CATIA.

Lulu Hou [23] developed a CAD system that provides
the standardized drawing of traffic signs based on the
AutoCAD software secondary development interface
Svisual LISP and ActiveX.

Binggian Zhao et al. [24] have implemented a CAD
system that provides the automatic drawing of ground
cross-sections and cross-sections designing based on the
secondary development of AutoCAD's VBA language.

Wenwu Mao et al [25] developed a CAD system based
on the VBA language in AutoCAD to parametrically
generate the drawings of jet aerators. Following user
requirements, the system reads the models in the database,
assigns values, and generates drawings automatically. The
system relies on AutoCAD as a module in AutoCAD
software.

Yan Wu [26] implemented a CAD system for plane
pattern design based on the secondary development of
AutoCAD. The system was implemented through the
secondary development APIs of VBA. It provides
standardized ethnic pattern generation and parametric
editing, and editing of tool layout conversion. The system
expands the design material library on the basis of
AutoCAD functions, provides standardized layout
schemes and implements the CAD functions required by
the industry. The system is an extension module of
AutoCAD.

Ying Wei [27] developed a wiring CAD system for the
construction industry based on AutoCAD. The system
mainly provides the wiring scheme of engineering
standards and divides the functional blocks of the CAD
system according to national standards.

D. Nasulea [28] based on CATIA, developed a CAD
system for the parameterized generation of rotating sheet
metal composite mold that provides cold press forming.
The system focuses on quick response to user modification.
The function of the system depends on the operation of
model generation and editing in CATIA.

Gang-Yeon Kim [29] developed a CAD system for hot
stamping technology molds based on CATIA. The system
allows users to generate 3D mold models by providing data
such as surface models of parts and the number of cooling
water channels automatically and optimize the generation
of mold model and 2D drawings. The system is
implemented based on two secondary development APIs
provided by CATIA, Knowledgeware, and CAA (CATIA
SDK).

E. Jayakiran Reddy et al. [30] designed a CAD system
based on industry knowledge to generate industry models
quickly. The system is implemented based on the VBA

secondary development APIs provided by SolidWorks and
calls its functions to generate a macro program based on
industry knowledge and automatically generates CAD
models through the macro program.

Xinzhong Chang [31] implemented a CAD/CAE
system for generating bridge cranes based on SolidWorks.
The system generates 3D models of bridge cranes
according to input parameters and supports related stress
analysis.

Based on CATIA, IsadSaric et al. [32] have
implemented a CAD system that supports the generation
and analysis of parametric intelligent pressure vessels. The
system allows users to input key parameters to generate
CAD models automatically.

We found that CAD systems based on secondary
development methods are guided by functional
architecture and apply general CAD software functions.
There is no need to consider the underlying design and
implementation during the development process. The
interface design work is simple, and there is usually no
need to develop the traditional functions of CAD software.

At the same time, the development relies heavily on
CAD software, and the implementation function will be an
extension module of CAD software. Most CAD software
does not provide the underlying data port and intermediate
processing data port, it is difficult to get the software
intermediate data or get part of the complex data
accurately. It is impossible to get and modify the
underlying data of software. The developed CAD system
needs to have good compatibility to deal with abnormal
problem caused by the update of general CAD software.

Most general CAD software provides secondary
development APIs, but the software may not be open-
source, so the method is not friendly to open-source
research work. Of course, using open-source CAD
software can alleviate this problem.

It is necessary to study the secondary development
APIs provided by general CAD software to apply this
method. Then, design the functional architecture according
to the functional requirements, implement the functions
and carry out the necessary interface encapsulation to
complete required CAD system. The development of
special functions required by industry CAD will be limited
by the interface provided by CAD system. It is difficult to
obtain intermediate data required by some special
functions and easy to produce redundant data processing.

3.4 Hybrid Development

Recently, some scholars have studied the data
interoperability between CAD software [33], the
comparison of data conversion performance between CAD
software [34] and the process-based cross-CAD data
exchange [35] and other issues. These studies have
provided theoretical support for the data transfer between
CAD software, and have made it possible to apply the
above methods for CAD system development hybrid.

HuaDu et al. [36] developed a CAD system based on
OCC and FreeCAD that converts the CAD model into a file
that can be read by the nuclear fusion simulation software
cosROM. The system uses OCC as the system function-
core and FreeCAD as GUI. The data format specified by
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the industry software generates files provided by the
cosROM software.

Xiaohua Qi et al. [37] developed a CAD/CAM system
for the design and construction of offshore jacket platforms
based on AutoCAD and OpenGL. The system uses the
PTMAK system based on AutoCAD secondary
development to generate jacket engineering drawings
automatically and develops a Visual cutting simulation
function using OpenGL.

Yang Haoya [38] developed a CAD system based on
CATIA and OpenGL for parametrically generating 3D
models of railway vehicle axles. The system is based on the
CAA secondary development APIs provided by CATIA to
develop a geometric model library of variable structures
and uses OpenGL to generate the safety factor cloud map
of the model.

Lu Yu et al. [39] developed a CAD system for rapid
hull modelling based on AutoCAD and CATIA. The
system uses the VB language provided by AutoCAD to
implement the preprocessing conversion of the hull data
from 2D to 3D and uses CATIA to implement the
preprocessing data into a 3D model. The system integrates
AutoCAD's excellent 2D data processing capabilities and
CATIA's outstanding 3D modelling capabilities.

In addition, the well-known open-source CAD
software FreeCAD is also implemented in this way. The
system uses OCC as the geometric modelling kernel and
Coin3D for geometric modelling rendering.

Hybrid methods can complement the advantages of
different methods: using the graphics development
environment to process image model data efficiently
makes up for the problem of non-open underlying data of
general CAD software, using the complete interface of
general CAD software reduce the difficulty of developing
a geometric modelling kernel, and using general CAD
software with different characteristics optimize the design
process and results, etc.

However, the hybrid method involves multiple
development environments, developers have to consider
the consistency and coordination of data information and
the integrity and compatibility of the system. A large
number of data conversions cannot be avoided. The
selection of the development environment version during
the development process is of great concern.

In terms of open-source, the methods hybrid with
general CAD software are susceptible to the influence of
general CAD software . It is hard to guarantee their
independent copyrights and open-source. However, it is an
appropriate choice to hybrid an open-source geometric
modelling kernel with other open-source resources. This
method makes up for the difference in performance
between open-source resources and commercial closed
source resources.

3.5 Comparison and Summary of Method Characteristics

By comparison, the system based on the graphics
development environment is difficult to implement
traditional CAD functions or to meet the functional
requirements of various industries. At the same time, the
long development cycle is also difficult to meet the
requirements of high-speed update of industry products.
The secondary development based on general CAD
software is convenient for users to adapt to new functions,
but the expanded functions are affected by the secondary
development APIs, and it is difficult to guarantee
independent copyrights. The method is not friendly to
open-source. When the hybrid method involves the
secondary development of general CAD, it is difficult to
avoid the influence of general CAD on independent
copyrights and open-source. Even if the open-source
general CAD software is used for secondary development,
its functional performance constraints make the
development of industry CAD full of difficulties.

Table 1 Comparison of four development methods

Method Features Advantages Disadvantages Open source
Development visge?lliizl::i?)tr}ll(())i ihmep(lgzeits rtl(;l(e:ess The development freedom is high, | The development system requires a
Baseg on throueh a sraphic dev eglo pmen ¢ the independent copyright is certain foundation of computer
. yrough a grap p. controllable, and it is easy to graphics and mathematics, which
graphical environment, and the system; rarely . . LT Easy to open source
development | allows users to implement the model implement complex geometric s difficult to d'e'velop and
environment creation through common CAD models through the underlying implement traditional CAD
methods such as drawing sketches. design. functions.
This method implements the General development freedom
Development | common functions of CAD through | . pment § The development performance is
. . independent copyright is affected . Affected by
based on the functions provided by the . . affected by the geometric . .
. . . by the geometric modeling kernel, . : .. | geometric modeling
geometric geometric modeling kernel, and and provides the modification of modeling kernel, which makes it kernel
modeling kernel | cooperates with other modules to p . . difficult to modify.
implement the CAD system. some underlying functions
Secondary Using the secondary development L The development freedom s IOW’
development APIs provided by general CAD The develop_ment is simple, no and the_ development function is
based on develop function.  the system need to consider the underlying restricted by the secondary Affected by general
eneral CAD develo nfent is orie’nte d toys ccific settings, and the underlying development APIs, and it is CAD software
g software P functions P problems are rarely encountered difficult to affect the underlying
) layer.
. The integrity of the system is poor,
_ The above three methods are hybrid | have the advantages of the_ above the consistency of data is difficult | Affected by hybrid
Hybrid for development, and various three methods at the same time and to maintain. and a laree number of development
development | methods can learn from each other's make up for the corresponding > g °lop
. data conversion issues may need to environment
strengths. shortcomings. be dealt with

Independent copyrights and open-source will also be
affected by the geometric modelling kernel while
developing CAD system based on it. But choosing an open-

source geometric modelling core can alleviate it. Through
the work of Salvatore Auriemma et al. [40], the powerful
performance of the open-source geometric modelling
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kernel is shown. This method is far superior to the method
based on the graphics development environment in terms
of development speed and development efficiency. At the
same time, we have to admit that the open-source
geometric modelling kernel has a gap with commercial
geometric modelling cores in terms of rendering and
underlying geometric modelling, but the problem can be
alleviated by mixing with the graphics development
environment.

In the end, we believe that open-source geometric
modelling kernel and the graphics environment hybrid
development is the best way to develop an open-source
industry CAD system. Most of the current open source
CAD, such as FreeCAD, AnyCAD, is developed by this
method. FreeCAD is developed based on the Open
CASCADE, an open-source geometric modelling kernel,
and Coin3D, a graphics development environment.
FreeCAD independently developed the underlying data
management module, document management module,
basic class module and other basic modules. In FreeCAD,
the Part module supports basic CAD functions. The Part
module encapsulates Open CASCADE as the data base of
the basic CAD function module. On this basis, it
encapsulates the basic CAD functions and further supports
other functional modules of FreeCAD. FreeCAD
encapsulates Coin3 in the GUI module, which is mainly
responsible for the framework construction and display
module, and uses the model data provided by the geometric
modelling kernel to render the 3D model, and then
completes the model rendering of the entire CAD system.

When using the recommended method to develop
industrial CAD, the open source geometric modelling
kernel is the basis of the CAD system. Most of the general
functions of the system are completed by encapsulating the
functions provided by the geometric modelling kernel,
such as the creation of basic geometric modelling, Boolean
operation, sweeping, stretching, and so on. The geometric
modelling kernel provides the basis for the system data
model. Some modules can be designed according to the
requirements of the industry, such as data storage module,

data switch module, etc., embedding industry rules and
requirements in the data layer. The interface display of the
system can adopt the interface rendering provided by the
geometric modelling kernel, but the rendering function
provided by the open source geometric modelling kernel is
often not enough to meet the requirements of the industry,
such as the rendering accuracy, rendering materials, the
addition of complex basic models of the industry, etc.
Using the graphics development environment to develop
the rendering module of the industry needs can effectively
meet the needs of the industry, and facilitate the completion
of the precision, material, complex model and other
functions of the industry needs.

4 EXPLORATION OF CAD DEVELOPMENT IN OPEN-
SOURCE INDUSTRY

Based on our research, we have selected the best open-
source industry CAD development method. In this section,
to further verify its feasibility, we propose a system
architecture for open-source industry CAD and conduct a
preliminary exploration of the feasibility of the
architecture.

4.1 Recommended System Architecture

Through our research on CAD system architecture
[41-43] in some CAD research work, and Siemens'
OnShape, Huatian'sCrownCAD software, and some
literature [44], we propose The CAD system architecture
of open-source industry shown in Fig. 1 below.

The basic layer handles the relationship between the
system and the hardware, maintains the stable operation
and portability of system, and the compatibility of different
hardware foundations. The management function of the
basic layer provides underlay function for the application
functions of the upper layer.

Function layer

Framework function

Design function

Remote collaboration

[ Project level operations

2D operation

Information exchange

3D operation
General modeling Engineering drawing editor
(Surface, solid, wireframe)
Table editor

[ Ul basic framework function

Design navigation

(oot e

J(
[ Error query management |
)
I

[ Version management Data conversion I

[ Geometric featuresedit ] [ Annotation editor ]

Kernel layer

Cloud service management

Industry standard management

geometric modeling engine

[ Parametric management J

[ Scene rendering library ]

[ Geometric modeling function library ]

[ Geometric constraint solver ]

[ Model rendering library ]

[ Geometric operation function library }

[ Data management ] [

Data exchange interface ]

{ Industry standard management ]

Basci layer

management

[ Network application

} [ Memory management} [

1/O operations of

Operating system management

Debugging, log }

)

Figure 1 Reference system architecture diagram
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The functions in the kernel layer will not be exposed
to the designer and will be automatically called when
needed. This layer mainly implements complex application
function libraries to support upper-layer functional
requirements. The architecture divides the geometric
modelling kernel into visualization engine and geometric
modelling engine, to reserve a port for hybrid development
of the geometric modelling kernel and the graphics
development environment from the architecture level. For
systems with low requirements for geometric modelling, a
geometric modelling kernel can implement the above two
modules. The architecture set industry data management
into the kernel layer, and industry data becomes a part of
the system, implementing the industry CAD system in the
true sense.

The functional layer is the interaction part to designers,
which requires a user-friendly interactive interface and
powerful design functions. The architecture divides it into
two parts: the framework function and the design function:
the framework function meets the basic needs of users for
the software, and it develops in a user-friendly direction;
the design function, as the core function of the system,
needs excellent performance, whose optimization will
impact the improvement of design work efficiency and the
accuracy of designing products.

The architecture is designed for the hybrid
development method based on the geometric modelling
kernel and the graphics development environment. The
architecture provides management of industry standards
and specifications and has the characteristics of industry
orientation. The architecture conforms to the current
development trend of cloud services in the CAD industry
and collaborative design and open-resource, it meets the
requirements of CAD architecture in the future. The
architecture is oriented to open-source resource design,
facilitating open-source research on development results.

4.2 Framework Feasibility Exploration

We conducted preliminary feasibility exploration
based on the proposed architecture. We choose
PythonOCC, the Python bindings to OCC, as the geometric
modelling kernel to implement all functions of the
geometric modelling module and the visualization engine
module. The parameterization of the tube and the head-
closure in the static equipment of the petroleum industry is
established as an industry requirement. Use Pyside2 to
develop interface Ul framework. Use Pycharm 2019 as a
development environment.

industry CAD system - o x

Function Area & x
input

Figure 2 The simple system developed based on PythonOCC

The system expands the functions provided by the
PythonOCC geometric modelling kernel to implement the
basic functions of CAD software, add functions required
by the industry, and perform interface packaging in the
end.

We conduct a preliminary test of the feasibility of the
architecture. The main purpose is to determine that
industry knowledge can be transplanted to the system
based on the open-source geometric modelling kernel, and
to explore the method of developing a complete CAD with
the open-source geometric modelling kernel.

The system initially implemented the following
functions:

Parametric creation and editing of basic geometric
models. The basic geometric model is the five geometric
shapes of the cube, the cylinder, the sphere, the torus, and
the cone that PythonOCC provides parametric creation and
editing.

Import and storage of geometric models. We call the
import-related and storage-related interfaces of the
geometric model provided by PythonOCC to implement
functions.

Parametric creation and editing of industrial parts.
According to the characteristics of the industry parts tube
and head closure, we build them following industry
standards. The program is belonging to the kernel layer.
The industry parts use the same port package as the basic
geometric modelling, which allows designers to use model
in same logic.

Parametric assembly of geometric models. By reading
and modifying the position and features of the geometric
modelling, we implement the parameterized assembly
function of the geometric model.

Management and feedback of internal data in the
system. We built a data structure for recording internal data
of system and expanded related operations to enable data
management. The development port performs automatic
feedback of the internal state of the system.

Execution and cancellation of the Boolean operations.
PythonOCC comes with the Boolean operation, but it has
not got the cancellation of the Boolean operation. We store
the geometric model of the Boolean operation through the
tree structure to implement the cancellation of the Boolean
operation.

System error handling. When an error occurs in the
system, the system allows users to apply error handling
mechanisms such as saving the current design and clearing
the current internal data.

As shown in Fig. 2, the toolbar in the interface
provides functions such as importing, storing, creating,
assembling and Boolean operation of geometric modelling,
and the Function area provides functions such as selecting
and editing geometric modelling. The report area shows the
feedback of internal data processing and the reminder of
error handling. Web Info reserves interfaces for network
data interaction. Users can design a model composed of
basic geometric modelling through this system. This
system has completed the function of simple CAD and can
run normally, which verifies the feasibility of the proposed
method.
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4.3 Analysis of Exploration Results

The functions we have implemented cover the
geometric modelling engine, visualization engine, simple
industry standard management, simple data management,
and simple parameter management in the kernel layer of
the architecture, and the basic functions of the UI
architecture, simple project-level operations, and 3D
operations module in the functional layer. Thanks to the
perfect function of the geometric modelling kernel, we
carried out the memory management of the base layer and
the operating system I/O module.

We have implemented the most basic functions of
CAD system, and the function module following the
architecture can be executed normally. It proved that
developers could implement an open-source industry CAD
system by relying on recommended architecture, which
preliminarily verified the feasibility of the architecture.

Figure 3 The si;r.iplle system developed based on FreeCAD

To show the advantages of the architecture in 4.1, we
executed a FreeCAD-based secondary development
method to achieve similar functions to the system in
section 4.2. The system is shown in Fig. 3.

In the development process, the system based on
PythonOCC can implement simple functions without much
tedious coding. However, the secondary development
based on FreeCAD needs to program according to the rules
of secondary development APIs, and the call is
complicated.

During the development process based on
PythonOCC, access to all data is available. The system
based on FreeCAD secondary development has read-only
data, such as the rotation angle of FreeCAD geometric
modelling.

Based on PythonOCC development, the function of the
kernel layer can be set clearly. The industry characteristics
can be set to the kernel layer, so that the industry parts and
basic geometric modelling can expose the same
characteristics to designers. However, same functions in
the system based on FreeCAD have to be packaged
redundantly.

The above differences lead to the existence of many
redundant data structures in the system based on the
secondary development of FreeCAD, and the increasing of
time complexity and space complexity of the system leads
to the decrease in system performance. The system
developed based on PythonOCC has no such performance
degradation.

5 SUMMARY

Due to the industry knowledge barriers, general CAD
cannot solve all industry problems, and the demand for
industry CAD is increasing fast. However, the increasing
demands for specific industries require the rapid and high-
quality development of industry CAD. Open-source has
become the way out for industry CAD development.

This paper summarizes the development methods of
industry CAD system in recent years and divides industry
CAD development methods into four types: development
based on the graphics development environment,
development based on geometric modelling kernel,
secondary development based on general CAD software,
and hybrid development. We summarized the
characteristics, advantages, disadvantages, and difficulty
of open-source for each method based on the development
examples.

According to the particular needs of open-source
industry CAD, we believe that the hybrid development
method of the geometric modelling kernel and the graphics
development environment is the best way to develop it. By
analyzing the features of the method and the current
development trend of the CAD industry, we carried out an
architecture of the open-source industry CAD system.

To verify the rationality and feasibility of the
architecture, we implemented a simple CAD system based
on the architecture through PythonOCC, and compared the
system with a secondary development system with the
same functions, and comprehensively analyzed the
performance advantages of the architecture.

For theoretical testing reasons, our implementation of
the CAD system based on PythonOCC does not implement
all the features of our proposed framework and does not
use the graphical development environment for rendering
optimization. However, the CAD system we completed has
basic CAD functions, the system can run normally and the
ports of other functional modules of the system are
reserved, which has good expansion performance. It can
preliminarily verify the feasibility of our proposed method
and proposed framework. At the same time, the advantages
of our proposed method are verified by comparing with the
secondary development system based on FreeCAD.

The requirements of industry standards and industry
features make it difficult for general CAD to perfectly fit
the CAD function requirements of specific industries. The
CAD system developed by open source geometric
modelling kernel and graphics development environment
can embed industry specifications into the underlying
architecture of industry CAD software, and special
industry operations can effectively avoid complex and
redundant data interaction. The development of industrial
CAD requires developers to master the industrial norms
and characteristics of the professional industry. Through
the open source method, developers and experts of industry
can freely cooperate to improve the functional design and
data interaction of industrial CAD, and effectively promote
the development of industrial CAD. Other CAD
development methods are limited by the difficulty of
development, the performance of development functions,
and the freedom of interaction with industry experts, which
makes it difficult to achieve the same results of the
proposed methods.
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Our work provides a viable path for the development
of industry CAD systems and provides further research
directions for open-source research in the CAD industry.

We wish to solve the following problems in future
work: our system is not hybrid with the graphics
development environment; the recommended architecture
has a fuzzy division of cloud services and industry
information management; to be a completed CAD system,
our system needs the support of other open-source
resources like geometric constraint solvers.

Acknowledge

This work was supported in part by the Fundamental
Research Funds for the Central Universities (Grant
No.18CX02019A).

6 REFERENCES

[1] Sutherland, I. E. (1964). Sketchpad a man-machine graphical
communication  system.  Simulation,  2(5), R-3.
https://doi.org/10.1177/003754976400200514

[2] Ranjan, R., Pandey, R., & Kumar, V. (2020). Integration of
CAD Technology for Fast and Customized Production of
Apparels. Psychology and Education, 57(9), 4639-4645.

[3] Utomo, H., Ruth, M. S. M. A., Wangsa, L. G., Salazar-
Gamarra, R. E., & Dib, L. L. (2020). Simple smartphone
applications for superimposing 3D imagery in forensic
dentistry. Dental Journal (Majalah Kedokteran Gigi), 53(1),
50-56. https://doi.org/10.20473/j.djmkg.v53.i1.p50-56

[4] Shigenori, T., Yoshito, N., Takehiro, K., Yoshiya, A.,
Kosuke, 1., Yurie, U., & Katsuma, W. Research on
Applicability of OpenGL for Developing 3D-CAD. Lectures
on Civil Engineering Information Technology, 35, 17-20.

[5] Yan,Y.&Le,C.(2012). Research and development on CAD
software of corrugated box. 2012 International Conference
on Computer Science and Electronics Engineering, 2, 318-
321. https://doi.org/10.1109/ICCSEE.2012.311

[6] Calabuig-Barbero, E., Davia-Aracil, M., Mora-Mora, H., &
Herrero-Pérez, F. (2020). Computational model for hyper-
realistic image generation using uniform shaders in 3D
environments. Computers in Industry, 123, 103337.
https://doi.org/10.1016/j.compind.2020.103337

[71 Qi, X. (2020). Computer aided design simulation of 3D
garden landscape based on virtual reality. 2020 [2th
International Conference on Measuring Technology and
Mechatronics Automation (ICMTMA), 347-351.
https://doi.org/10.1109/ICMTMA50254.2020.00083

[8] Kober, F. & Lemos, F. A. B. (2004). On use of OpenGL
technology to support a power system CAD. [EEE PES
Power Systems Conference and Exposition, 2004, 995-999

[9] Xu, J. & Wang, X. (2020). A 3D Design System of Skirt
Profile Based on OpenGL. Journal of Physics: Conference
Series, 1621(1), 012036.
https://doi.org/10.1088/1742-6596/1621/1/012036

[10] Gao, Q. & He, K. (2010). Research on CAD software for
glass packaging containers based on OpenGL. Packaging
Engineering, 31(5), 75-78.

[11] Yin, S. (2011). Application of OpenGL and VC++ to
develop filament winding CAD/CAM system. Mechanical
Research and Application, 3, 165-167.

[12] Mykhaskiv, O. (2020). Optimal shape design with
automatically differentiated CAD parametrisations. Queen
Mary University of London.

[13] Coleman, M., Shimwell, J., Davis, A., & Mclntosh, S.
(2020). High-speed generation of neutronics-ready CAD
models for DEMO design. Fusion Engineering and Design,
160, 112043. https://doi.org/10.1016/}.fusengdes.2020.112043

[14] Jiao, Z. (2020). Computer Aided Design of Modern
Decorative Pattern. International Conference on Application
of Intelligent Systems in Multi-modal Information Analytics,
838-843. https://doi.org/10.1007/978-3-030-51556-0_131

[15] Xie, Q. (2018). Research and implementation of base station
location  optimization problem based on intelligent
optimization algorithm. Shandong Normal University.

[16] Bedaka, A. K. & Lin, C. Y. (2017). Autonomous path
generation platform for robot simulation. 2017 international
conference on advanced robotics and intelligent systems
(ARIS), 63-68. https://doi.org/10.1109/ARIS.2017.8297186

[17] Tran, T. H. T., Mbow, M. M., Vignat, F., & Nguyen, D. S.
(2020). Surface Accessibility Detection in CAD
Environment for Additive Manufacturing. International
Conference on Material, Machines and Methods for
Sustainable Development, 799-807.
https://doi.org/10.1007/978-3-030-69610-8_106

[18] Siggel, M., Kleinert, J., Stollenwerk, T., & Maierl, R. (2019).
TiGL: an open source computational geometry library for
parametric aircraft design. Mathematics in Computer
Science, 13(3), 367-389.
https://doi.org/10.1007/s11786-019-00401-y

[19]Li, Y. (2019). OCC-based CAD system software
development and its application in quantum chip design.
Harbin Institute of Technology.

[20] Wang, T. (2020). Research on optimization design method of
casting and riser process and CAD/CAE integrated system.
Huazhong University of Science and Technology.

[21] Wikipedia contributors. (2022). Geometric modeling kernel.
In Wikipedia, The Free Encyclopedia.

[22] Tan, G. & Zhu, C. (2020). Volume characteristic calculation
based on CATIA secondary development. 2020 IEEE
International Conference on Information Technology, Big
Data and Artificial Intelligence (ICIBA), 1, 595-598.
https://doi.org/10.1109/ICIBA50161.2020.9277264

[23]Hou, L. (2020). Secondary Development of Standardized
Traffic Sign Drawing Module Based on AutoCAD. CICTP,
2096-2107. https://doi.org/10.1061/9780784483053.176

[24] Zhao, B., Tan, B., Chen, Q., & Liu, G. (2020). Railway Line
Cross-Section Drawing and Earthwork Calculation Based on
AutoCAD Secondary Development. CICTP, 4611-4623.
https://doi.org/10.1061/9780784482933.395

[25] Mao, W., Liang, S., Ge, J., Hu, X., & Hua, J. (2020).
Development of Computer Aided System for Jet Aerator.
2020 3rd World Conference on Mechanical Engineering and
Intelligent  Manufacturing (WCMEIM), 356-359.
https://doi.org/10.1109/WCMEIM52463.2020.00080

[26] Wu, Y. (2021). Application of AutoCAD in Graphic Art
Design based on VBA. Computer-Aided Designe, 18, 75-86.
https://doi.org/10.14733/cadaps.2021.51.75-86

[27] Wei, Y. (2020). Design and Development of Automatic
Generic Cabling System Based on. NET. Journal of Physics:
Conference Series, 1626(1), 012081.
https://doi.org/10.1088/1742-6596/1626/1/012081

[28] Nasulea, D., Oancea, G., & Neagoe, 1. (2017). Parametric
Design of Dies for Cutting and Drawing Using Catia
Environment. Bulletin of the Transilvania University of
Brasov. Engineering Sciences. Series I, 10(2), 85-92.

[29] Kim, G. Y., Park, S. H., Kim, S. K., & Park, D. S. (2018). A
Study on Design Automation of Cooling Channels in Hot
Form Press Die Based on CATIA CAD System. Journal of
the Korea Academia-Industrial cooperation Society, 19(3),
147-154.

[30] Reddy, E. J., Venkatachalapathi, N., & Rangadu, V. P.
(2018). Development of an approach for Knowledge-Based
System for CAD modelling. Materials Today: Proceedings,
5(5), 13375-13382. https://doi.org/10.1016/j.matpr.2018.02.330

[31] Chang, X. & Sharma, A. (2022). Analysis and Design of
General Bridge Crane Structure using CAD Technology.
Computer-Aided Design, 19(S2), 15-25.

Tehnicki viesnik 29, 6(2022), 2127-2136

2135



Yunlei SUN et al.: Towards an Open-Source Industry CAD: A Review of System Development Methods

https://doi.org/10.14733/cadaps.2022.52.15-25

[32] Saric, I. & Muminovic, A. J. (2018). Development of
integrated intelligent CAD system for synthesis and stress-
deformation analysis of pressure vessels. International
Journal  of  Engineering &  Technology, 7(1).
https://doi.org/10.14419/ijet.v7i1.8666

[33]1Sap, D. & Shapiro, V. (2019). On verification of
interoperability of CAD systems with a focus on invariant
properties.  Computer-Aided Design, 115, 256-266.
https://doi.org/10.1016/j.cad.2019.05.004

[34] Mustafa, F., Al-Ashaab, A., & Al-Amili, H. A. (2017). A
comparative study of product data exchange among CAD
systems. Proceedings of the Ist international conference on
recent trends of engineering sciences and sustainability
(IJRTESS).

[35]Sap, D. & Shapiro, V. (2019). On verification of
interoperability of CAD systems with a focus on invariant
properties. Computer-Aided Design, 115, 256-266.
https://doi.org/10.1016/j.cad.2019.05.004

[36] Du, H., Luo, Y. T., Han, C., Lu, L., Yan, Y., Sun, Y., & Liu,
S. (2020). Development of an assistant program for CAD-to-
cosRMC modelling. Fusion Engineering and Design, 157,
111662. https://doi.org/10.1016/j.fusengdes.2020.111662

[371Qi, X., Wei, G., & Wen, H. (2019). Exploration of
CAD/CAM Technology for Construction of Jacket on
Offshore Platform. Academic Journal of Manufacturing
Engineering, 17(3).

[38] Yang, H. (2017). Research on Parametric CAD System of
Railway Vehicle Axle Based on CATIA Platform. Southwest
Jiaotong University.

[39] Lu, Y., Gu, Z., & Wang, R. (2020). Rapid hull modeling
method based on secondary development of CAD and
CATIA. Chinese Ship Research, (06), 121-127.

[40] Auriemma, S. (2018). Applications of differentiated CAD
kernel in gradient-based acrodynamic shape optimisation. /n
2018 Joint Propulsion Conference, 4828.
https://doi.org/10.2514/6.2018-4828

[41] Van Der Wolf, P. (2012). CAD Frameworks: Principles and
Architecture. Springer Science & Business Media, 288.

[42] Zhi, H. (2019). Research on Intelligent CAD Technology of
Fixtures Based on Knowledge Engineering. Jiangsu
University of Science and Technology.

[43] Yin, X. (2020). Research on knowledge-based digital
process design method for passenger car assembly line.
Wuhan University of Technology.

[44] Zhao, F. (2022). Overview of cloud architecture CAD
software and its key technologies and applications.
Computer Integrated Manufacturing Systems, (04), 959-978.

Contact information:

Yunlei SUN, associate professor
(Corresponding author)

College of Computer Science &Technology,
China University of Petroleum (East China),
Qingdao,266580,China

E-mail: sunyunlei@upc.edu.cn

Kangping LIU, Master

College of Computer Science &Technology,
China University of Petroleum (East China),
Qingdao,266580,China

E-mail: 2459625512@qg.com

Yucong LI, Master

College of Computer Science &Technology,
China University of Petroleum (East China),
Qingdao,266580,China

E-mail: 291731931@qq.com

Dalin ZHANG, associate professor
School of Software Engineering,
Beijing Jiaotong University,

Beijing, 100044, China

E-mail: dalin@bijtu.edu.cn

2136

Technical Gazette 29, 6(2022), 2127-2136




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


