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Abstract: This paper deals with the application of the paradigm Oriented to Objectsin a
distributed measurement system. The purpose of this study is to obtain a flexible
electronic test station model that will allow modifications in the procedures with no
modifications to its main code. The model allows the integration of GPIB equipment in a
distributed measurement system Via local area network (LAN) or Internet, with the ability
to store/read the results of the measurements through a distributed database. The outlined
plan shows a local interface for tests and also interfaces for the Client-Server. The model
shows a high degree of flexibility to be utilized in different configurations both in
equipment distribution and in realization procedures.

Keywords: Distributed control, GPIB, DMSs.

1. INTRODUCTION

With the development of personal computers, very
important advances in instrumentation have been
achieved, this has a significant improvement for
software that control and communicates with
measurement instruments, thereby creating as a
whole, a type of computer controlled virtual
instrument. The instrument in genera is conformed
by a test station implemented in accordance with
the particular requirements capable of carrying out
a series of specific tests in a certain application
within a Distributed Measurement System (DM Ss)
(figure 1). Among the most common measuring
instruments are the ones that are transmitted
through a bus named GPIB (Genera Design
Interface Bus) which was designed by Hewlett
Packard (1965) originally called HPIB.

Nowadays the development of distributed
measurement systems requires better tools in order
to be able to transfer, maintain, and modify
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systems. Currently the modifications to the design
of the systems are sometimes measured in weeks
and even in months; it is no longer possible to
create systems from scratch every time a new
instrument o model isincorporated into the project.
Moreover, if there are one or several groups of
design engineers within the project, they can use
different programming languages, including
Microsoft Visual Basic, Visual C++ or NI LabVIEW,
and through component software technology like
ActiveX technology, connect the different stages
of the project. It is important that the software
components of an integrated measurement system
should be easy to maintain and quick to modify.

Below the raising of the problem and its
justification are described; furthermore, related
studies reported in literature are mentioned.
Afterwards, the proposed solution and its
repercussion in a distributed measurement system
are presented.
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Fig.1. Distributed Measurement System (DMSs)

2.PROBLEM DESCRIPTION

In this article the analysis and design of a flexible
and modular OO model of atest station integrated
by electronic measurement instruments with GPIB
interface is outlined. Currently, a large number of
manufacturing companies like the automotive and
telecommunications use these types of instruments
for the on-line acquisition of quality parametersin
the production process. Due to market demands
the product is subject to modifications which are
more and more frequent; therefore, the processing
stations on the production line suffer modifications.
In the case of the electronic test stations, these
modifications go from a change in the reference
value of an electrical variable in the program to
adding and/or eliminating measurement instruments
from the test system.

It is important for the setting in motion of the
production process of a new model of the product,
that the test system endures these kinds of quick
modifications. At the present time, there are alot of
challenges for engineers and scientists to integrate
automated measuring systems. There is a necessity
in the market to have new products of better quality
and with a very short life cycle. Therefore,
researchers face the challenge of rapidly creating
automated measurement systems in order to test
products during their manufacture process. The
latest trends in the integration of manufacturing
companies requires the handling of the test station
like a subsystem integrated into the production
management system; this situation makes the
challenge for designers more complex. In the
studies reported in literature, flexibility and
modulability characteristics are not achieved when
the instruments in the system are changed, thisis,
carrying out modifications in the configuration of
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the equipment without there being changes in the
station’s control software, that is to say, without
opening the system.

3. BACKGROUND

The research on measuring systems is diverse and
comprehensive as there are commercial solutions
like the ones offered by sellers like National
Instruments and academic solutions. There are
studies on automatic test stations like the
HONEYWELL H2600, in [1] usng GPIB and VXI
interfaces for connection with the instruments
which produce tests for the electronic cards of F-15
and F16 airplanes where the test conditions to be
carried out are stored in memory; however, no
flexibility is shown for carrying out changes in the
instruments which make up the station leaving it
not very flexible to future expansions in regard to
new connections of instruments. In [2] the
reaization of a distributed laboratory of
measurements oriented to objects in which (DM Ss)
Distributed Measurement Systems applied to an
Internet system, being reported, in which the GPIB
bus is used with internet protocol and where
instruments are assembled like a workstation in a
PC.

In [3] a laboratory of virtual instrumentation for
apprenticeship being proposed where the
instruments are found on a personal computer
whichinturnisfound on alocal network; itsgoal is
to attain the best understanding of electronic
engineering students concerning the handling of
software for communication applications and
developing programs. This study is oriented to the
structure of the system without considering the
reusability of software. [4] Explains an architecture
for building a system of interchangeable tests in
regard to the bus. The need for handling different
buses like: GPIB, VXI, and the IV interchangeable
virtual instruments are raised where al of the
instruments of these architectures are combined in
asingle system and thereby combining the different
I/0O of each bus. In [5] a system open to an |IEEE-
488 interface of assigned measurement instruments
in an environment for microelectronics being
proposed, utilizing UNIX as an operative system
platform where the managing interface of the device
will be implemented in a remote access of the GPIB
Bus; the application of the interconnection will be
in agraphic interface and will be applied remotely to
an instrument as seen in figure 2; the handling of
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the GPIB controls are the ones handled by the
standard 1EEE-488.2 and handled independently to
each instrument. In [6] a distributed measurement
system based on Java shows where the instruments
are handled through the internet, the client/server
proposes this system based in object oriented
programming and through this client server system,
it configures and monitors the measurements of the
system.

4. PROPOSED SOLUTION

The Unified Modeling language (UML) isagraphic
language which was used to represent the
characteristics of the system. UML allows for the
filing, communicating, and leveling of knowledge.
The models file knowledge (semantics). The
architectural views organize knowledge according
to directives that express idioms of use, and the
diagrams depict the knowledge (syntax) for
communication [7].

: : <<Includes>>

<<Includes>&un program
GPIB measurements.xﬁ

i wudes»
<<Includes>> Instruments GPIB
Administrator

Create txt file

O <<Includes>>

Write commands
Data base in GPIB txt file

Xﬁncludes>>

O

Write measurement in data base

create test

<<Includes>>

<<Includes>>

Fig. 2. Diagram case for the system used

A first approximation of the proposed solution is
presented in the form of cases of use in figure 2.

The main cases of use identified in the system are
the following: carrying out atest by means of a PC
for equipment that will be capable of using the GPIB
bus, creating a new test with some other GPIB

instrument, creating a series of commands
(program) written on a text file for the system to
perform, and storing the obtained results on a
database. In figure 3 the diagram of general classes
is seen where it can be noted that atest station can
contain an indefinite number of personal computers
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as well as equipment with GPIB interface and a
database for storing the information shown by the
performed measurements. In figure 4 the classes of
the test station computer system are shown. The
cIsEquipoGPIB class is the central part of the
system which isin charge of reading the program to
be carried out at the station. The program is
inserted by the user in text archive form. Each
physical piece of equipment is wrapped by the
cIsGPIB class, which is in charge of implementing
the communi cation protocol between the equipment
and the computer system, specifically with the
clsEquipoGPIB class. Each program command (text
archive) is sent by the clsEquipoGPIB class to the
cIsGPIB class. The clsBaseDatos class is in charge
of handling the station’s database. This class
receives the result of the measurements sent by the
cIsGPIB class through the clsEquipoGPIB class.
The activeX GPIB component is composed by the
cIsGPIB class; this class is very important; the
reading and writing of the measurements of the
instruments is handled in it; this component is
capable of reading/writing on any GPIB instrument
without needing to make changesin its code (fig.4).

Estacion de prueba

n il
Equipos GPIB

PC Base de datos

Fig. 3. Diagram general of classes for the system

The commands that this component receives are
issued from atext archive. The component that isin
charge of reading this archive is ActiveX
EquipoGPIB which contains the clsEquipoGPIB
class; this class is in charge of sending the
commands of the archive to the ActiveX GPIB
component in the dsGPIB class for its completion.
The EquipoGPIB component is also in charge of
receiving the results of the measurements and
storing them in the database by means of the
clsBaseDatos class.

The inicio component contains a frmVisor form
(figure 4) which is in charge of displaying the
archives for modifications (editing); it also shows
the results of the measurements. This component
also offers navigation through the data and printing
the results of the measurements. Furthermore, in
this component the implementation of the client for
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performing remote form testsis found; whether it be
on an LAN network or intranet, the server is found
on the EquipoGPIB component.

The object oriented programming provides a good
base for modeling this system where the interaction
of software among the different components
interacts like independent objects.

clsBaseDatos clsEquipoGPIB frmVisor

clsGPIB

AP

Multimetro Osciloscopio | | Generador

Fig. 4. Diagram classes for the GPIB probe station

Bearing in mind that this association will be the one
utilized by the distributed measurement system and
the characteristics of the handlers of the
EquipoGPIB  components to perform  the
measurements, the system can execute a test by
means of a local LAN network or Intranet. With
this system one or several measurements can be
performed according to one's wishes, utilizing the
previously seen components: Inicio component,
EquipoGPIB component, and GPIB component.
This system can be composed by several
subsystems with a central control for them through
network technology and software methods. With
this way of sending the commands we avoid the
protocol of internet connection of the |IEEE-488.2

(8.

The characteristics of an interoperable work
network and the ease for reusability of the software
can be employed in the distribution of distributed
test stations. In an intelligent measurement system
(IMS) the operator shapes the system to be
connected to the instruments as well as running the
software modules for each one of them. Eachtimea
test is performed in the distributed measurement
system it is necessary that a server and a client
exist, the server being one or several work stations
with GPIB equipment which are found remotely the
client isin charge of distributing to each server the
commands that will be sent to each work station for
a gspecified piece of GPIB equipment. The
commands will be in atext file in the client; then the
file will be sent to the server which requires that
test; the server sends a message to the client which

Universidad de Pamplona
I.I.D.T. A.

Tecnologias de Avanzada

says that the file has been received. The way of
performing the test, once the text file and its
location within the test station is received, follows
the steps as previously described.

Includes

To create a test

Administrator

|nc|udes includes

Client exe utes'nCI Send test

Protocol O

TCP/IP

Internet Write_ commands
GPIB

includes
Administrator

Workstation
Executes

server
Instruments

Fig. 5. Casesfor distributed system of measurement

In figure 6, the client class is the one which
administers the test and is in charge of sending the
fileto the TCP/IP classes or, if applicable, to aLAN
where several servers can exist that will administer
up to 15 pieces of GPIB equipment each. Infigure7
the sequence diagram for a test in a server is
shown. In this case, for a station where we have
the client and the server, thefile of atest is selected
in the client to, thereby, begin it; this file is
immediately sent through a communication protocol
whether it be TCP/IP or LAN internal network so
that, later, the file gets to the server and is kept at
the test station to be performed. The server, once
this process is completed, sends a message to the
client to inform that the former has completed the
process and is ready for the next test.

Red local LAN

1.n Z N

:iSelv'dor

=

TCP/P,

/]

Equipos GPIB || Generadores de onda | Fuentes de voltaie Oscioscopios || Muimetios

Fig. 6. Diagram of classes for the distributed
measurement system
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Fig. 7. System Sequence diagram

5. CONCLUSIONS

The result of this project is the proposal of an
integrated software platform for automated
distributed measurement systems which allows an
integrated and modular structure. This platform
facilitates the configuration of the test station
regarding to instruments, as well as to their
handling by means of a test station or through
accessin alocal areanetwork (LAN) or by Internet,
performing measurement tests with results storedin
a database. This system offers the following
benefits: Increase productivity throughout the
development, display, mai ntenance, and
maodification of processes.

Obtains a better performance for the test.
Performs tests of severa pieces of equipment
in a local area network or by Internet, which
alows for its applications in industries,
laboratories, and teaching, obtaining a high
level of versatility inits use.

The system is capable of integrating several
measurement devices, GPIB instruments, to
systems of high level production management, like
the one carried out through the iIMRP plan at the
automatic control engineering laboratory of the
Instituto Tecnologico de Chihuahua [9] as well as
at the Electrical Engineering laboratory of the
Universidad Autonoma de Ciudad Juarez,
Chihuahua. The distributed measurement system
remains open to new improvements in the future
thanks to its allowance to exchangeinstruments
without substantial modifications in software,
which alows the user to think about the
development of an intelligent distributed
measurement system for GPIB equipment.
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