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In the paper, a macro-parametric method for integration of heterogeneous CAD systems
for MEMS motion sensors is proposed. A structure of an integrated design subsystem for
MEM S motion sensors is developed based on the proposed macro-par ametric method.
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3anponoHoBaHO MakponapaMeTpudHmii Meron iHTerpamii rereporennux CAIIP npas
AaBaviB pyxy MikpoesgekTpoMexaHiuHux cucreM. Ha ocHOBI MakpomapaMeTpU4HOI0 MeTOLY
pPo3po0JieH0 CTPYKTYpPY HiACHMCTeMHM iHTErPOBAHOr0 TNPOEKTYBaHHS [JIsl [JaBayiB pyxy
MiKpoeJeKTPOMEeXaHIYHUX CHCTEM.

KurouoBi cioBa: mikpoenexktpomexaniuni cucremun (MEMS), cucremm aBTOmMaTH3o-
paHoro npoextyBanis (CAIIP), naBaui pyxy MEMS, rereporenni CAIIP, ognopiani CAIIP,
XML, makponapamMeTpu4YHMii MeTOJI, cepe0OBHILE IHTErPOBAHOI0 NMPOEKTYBAHHS.

I ntroduction
Nowadays, components of MEMS motion sensors and other micro-embedded devices are
manufactured by using various technologies. During the design of such systems, both eectronic and
mechanical components have to be designed as well as the detailed simulation of their behavior has to be
performed. Most functional elements can be designed in the geographically separated engineer’s
collectives and manufactured in different factories [1]. Development of micro-electromechanical sensorsis
defined by using a large amount of interrelated steps for designing and simulation (Fig. 1).
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Fig. 1. Schematic view of the design and production process of MEMS sensor
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In this connection, a task of integration of design process of the described above e ements appears
[1]. The CAD integration means that the systems can interchange not only information between each other,
and also they must understand each other. They must interchange data that is often kept in different model
types with a different information format. There are three methods for model exchange in CAD. The first
one uses one type of CAD, which automates the design of the different design processes without the needs
for the data exchange of a product model. But in practice, each process needs a dedicated CAD. Besides,
the implantation of one CAD is not suitable at the factories with a distributed development environment.
Such distributed development environment requires a participation of the different enterprises with the
different heterogeneous CAD systems. The second one uses direct translators between the different CAD
systems. However, because a core of geometrical modeling in the different CAD systems considerably
differs, data during information transferring can be lost and distortion of forms and sizes during the data
tranglation appear. The third approach uses such neutral formats as STEP, IGEG, VDA-FS or DXF which
translate models into the neutral datafile (Fig. 2).

Fig. 2. Interface of a CAD systemfor MEMS sensor.
Data exchange independently on processes and tools

A pre-processor generates a neutral file from the format of the specific CAD. A post-processor
receives a neutral file and converts it into the internal format of receiving CAD. Although, this method
needs a permanent translation and double data loss, it is recommended to use in the industry in most cases.
Another problem of the neutral format is that it does not store parametric information, such as engineer’s
ideas, intentions, and only a contour representation of a CAD model. The contour representation of the
model without parametric information presents the difficulties for the engineering changes in the process
of the general planning, and also leads to unexpected form distortions.

Problem description and aim definition

A key factor in MEMS manufacturing is an increase of the design efficiency with the use of
computer-aided design systems. It is not needed to be only limited with the classic use of CAD for the
creation of the design-engineering documentation. The developing system has to be dedicated to the
creation of the integrated computer-aided design environment and to execute a wide spectrum of tasks, in
particular a project documentation management.

Each of such CAD systems and other computer-aided system have its own models for the data
presentation and own database management systems (DBMYS).

In the use of the existing CAD systems there are a few problems:

- CAD and other computer-aided systems are heterogeneous and distributed;

- CAD and other computer-aided systems are autonomous, because their data is independently
processed by different engineers.

- Data exchange is limited to a few formats (neutral format is among them) or to the use of API
(application programming interface).
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- Systems can generate a large data volume of a complex structure;

- Data exchange between different types of CAD and other computer-aided systems has to be
automated,

- Data must constantly be in the actual state and the data changes conducted by one system must be
immediately represented for other systems;

Besides:

- Responsibility for the distribution of data changes formally is not defined and not automated.

- Access control realized for each system is own and that is why can not be integral;

- Thereis not a global look to all data which are used for the design, simulation and manufacturing
of the product.

The providing of the effective data exchange is not sufficient for the creation of the end-to-end
automation design process for the MEM S sensors. It is needed to develop some kind of software in which
the platform for the integration of heterogeneous CAD systems and other computer-aided systems with the
management possibility of exchange information are implemented.

The aim of the work is to develop a macro-parametric method for the integration of heterogeneous
CAD and structure of computer-aided design subsystem for the MEM S motion sensors.

Development of a macro-parametric method for integration of heter ogeneous CAD systems
and a structure of an integrated design subsystem for MEM S motion sensors

The integration system of CAD must:

- transmit not only review operators, but and simulation functions to all participants of the product
creation process to be able to modify product data;

- size of data transmitting between the systems should be decreased to the necessary minimum,
because the transfer channels are still narrow places of telecommunication systems;

- users haveto use CAD systems and other systems which are known for them.

It should be noticed that not all CAD systems can be integrated in the developing integrated system.
Therefore, two main criterions are defined to choose CAD systems for our redlization: the system has to
give an opportunity to develop software modules; each operation executed during the product creation
must be tracked.

As to the first criterion, most new CAD systems support it. Of course, there are two ways for CAD
programming: using a scripting language or using an application programming interface (API). The first
variant understands the scripting language as an interpreter. Errors in programs written in this language
appear during their execution. In the second variant, programs are transated into machine instructions. The
advantage of the second variant is greater speed of the execution and support of communications libraries.

To solve the described above problems, a macroparametric method is proposed. Using this method,
exchange of parametric information of a CAD model can be performed in the form of commands array of
the constructor between heterogeneous CAD systems. Interchange method based on the macroparametric
procedure, which uses atechnology of extensible markup language (XML), is proposed to express standard
design commands extracted from the CAD mode (Fig.1).

The proposed method is based on commands transmission because of this a number of the
transmitting data is sufficiently decreased. Models can be created and modified by several engineers
simultaneously. The approach is based on the mechanism of trandation between system operations of
simulation (SOS) and commands of neutral format (CNF). All operations, performed by the engineer in
one geographically-remote design team, are converted into CNF and transmitted to all network nodes
where designers work. After receiving commands in other network ends they are converted into SOS of a
suitable CAD system. Such system is developed on the base of the main server and some software
packages that depend on the specific CAD system. Mechanism and structure of integration approach and
also the client-side software devel oped for the proposed integration method are shown in Fig.2-3.

For security support, it is proposed to encrypt and compress the commands of neutral format before
transmitting. Comparing this method with other methods for supporting the collaborative development of
projects the proposed integration method between heterogeneous CAD systems has the following
advantages over the existing ones [2-8]:
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new method allows to create integration platforms of different levels — from Intranet-systems to
geographically remote systems,

new method allows to integrate heterogeneous CAD systems. It means that the users will work
with known systems. This advantage can not be given by homogeneous integration environments,

besides the modd visualization the users can perform on-line manipulation of models, it is very
necessary for the industrial users;

creation and modification of the modes can be simultaneously performed by severa usars. The
commands of neutral format are only transmitted not the models, consequently the data volume is small, it
allows to achieve an instantaneous synchronization even when bandwidths of telecommunication networks are
conventional.

Fig. 3. Macroparametric presentation based on XML technology

Fig. 4. Sructure of the integrated design environment

Fig. 5. Structure of the client-side software
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A set of user’s commands, generated by an engineer during the design process, are written as the
design history which obviously includes the engineer’s aim. We have defined a term “design aim” as the
customer’s functional requirements, a set of electronic, geometrical and functional rules (requirements),
which the future MEMS sensor has to satisfy. Therefore, the design aim is defined with limitations,
parameters, project history and properties. For the transference of the CAD parametric information which
includes a project history, we determine a set of standard design commands and they are used as a neutral
format. In a macro-file a set of commands is stored which have been executed during a session. The file
contains limitations, parameters, properties and history of making changes. The history of user’s
commands is also stored in the macro-file and it is used for exchanging with a static model. If these
commands will be trandated into the commands of other CAD system, then the macro-file will recover
parametric information for the receiving CAD.

In Fig. 6, the data exchange model is presented which is used in the macro-parametric approach. The
data translation using the macro-parametric approach has two levels: trandation scheme of user’s CAD
commands into a set of standard commands and the translation of the actual data between the macro-file of
the commercial CAD and the standard macro-file. For the translation of the data models between different
CAD systems, the macro-file generated by a commercial CAD system is translated into the standard
macro-file, which then is trandlated into the macro-file of the receiving CAD system.

Commercial CAD system Macroparametric
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Fig. 6. Conception of the macro-parametric trand ation

In Fig. 7, the architecture of macro-parametric translator is shown. The translation subsystem has a
macro-input module, macro-output module, graphical user interface (GUI) and uses a macro-data
tranglation module. The macro-data trandation module for sending geometrical data uses ACIS core and
the command trandation table. For translation, an inner geometrical modd is created using ACIS core. Itis
also used when it is difficult to translate the commands.

Subsystem of macroparametric translator

GUI
Graphics core Translation
ACIS table of
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Inner geometrical model
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Fig. 7. Architecture of the macro-parametric trang ator
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In Fig. 8-9, the trangdlation process and an example of macro-data exchange (CFD ASE+ and VHDL -
AMYS) between two different CAD systems are shown. Design commands of the input macro-file are
grouped in sections by the functionality application. The commands in each section are divided into two
groups: the first group can be transmitted directly, and another one can not be trandated directly.

Commands of indirect trandation are the commands, arguments of which are difficult to trandate.
The internal geometrical model is based on ACIS and used for receiving the necessary graphic information
for the tranglation of the arguments. Examples of indirect trangdation can be the commands coupled with
the coordinate system, and commands which are not supported by the receiving CAD system.
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Conclusions
The macro-parametric method for exchanging parametric information of a CAD model of MEMS
sensors for integration of heterogeneous CAD systems is developed that alowed to increase design
efficiency. The structure of the integrated design subsystem and client-side software for MEMS moation
sensors are devel oped based on the proposed macro-parametric method.
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NON-DESTRUCTIVE TESTING OF MATERIALSBASED ON THE WAVE
SCATTERING BY THE SMALL PARTICLES
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The theory of scattering of the acoustic waves on the small bodiesis applied to solution of
problem related to the non-destructive testing of materials with defects. The change of the
refraction coefficient of the acoustic wave passing through the steel pattern testifies to presence
of microdefects in material. The numerical results are presented for several kinds of sted and
they confirm the possibility to apply the asymptotic scattering theory to problems of the non-
destructive testing.

Key words: scattering, small bodies, microdefects, non-destr uctive testing.

Teopisi po3ciAHHA aKyCTHYHHX XBMJIb HAa MAaJHMX TiIaX BHKOPHCTOBYETbCH /sl
PO3B’ A3aHHA 3a/a4i, OB’ A3aHOI 3 HepyliHIBHUM KOHTpoJeM MaTepianiB 3 nedexramu. 3mina
KoepilicHTa 3aJ0MJIEHHSI AKYCTHYHOI XBMJ, sIka NPOXOAUTH Kpi3b CTaleBHil 3pa3ok,
CBiTYMTH NPO HaABHiCTH MikpoaedeKTiB y HboMy. UHC/I0BI pe3y/ibTaTH HABEAEHO JJIf JeKiIb-
KOX BMIIB CTadi, BOHM CBiI4aTbh MPO MOKJIMBICTH 3aCTOCOBYBATH TEOPil0 aCHMITOTHYHOIO
PO3CisiHHSA 10 3a1a4 HePYHHIBHOT0 KOHTPOJIIO.

Kuarouogi ciioBa: po3cisinns, Madi Tina, MikpoaedexkT, HepyiiHIBHMIT KOHTPOJIb.

I ntroduction
The presence and evolution of micro-defects in materials and structures is prevailing cause of their
destruction. Microdefects reduce the residual life of production and objects that cause a threat of accidents
and failures. Therefore, early diagnostics and identification of degree of the material damage and the nature
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