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UsingLabVIEWand PXI to Measure the Temperature
and Density of Fusion Plasmas on a Tokamak COMPASS
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Industry:
Big Physics, Research

Products:
PXF5152, MX+4, PX16653, PX16552, PX18110, PXt8331

The Challenge:
Developing a tokamak measurement system to meet the strict requirements for magnetic confinement of

controlled nuclear fusion.

The Solution:

Using NILabVIEWSsoftware and PXI hardware to create a complete fusionggma measurement system thatan be
updated in the future ifnecessary.

011 AEATTAIT O EOIT All AEAOOEO AOA OECE ®658 Ushy NIAGIOT |
technology and builin phaselocked loops, we can achieve lekan 300 ps interchannel skew, even in this high

channetAT 61T & OUOOAI 86
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Figure 1.Tokamak COMPASS Installed in IPP Prague

Nuclear fusion is the natural power source of stars. It is the process of multiple atomic nuclei merging together to
form a single heavier nucleus. Joining light nuclei, such as hydrogen, creates a large emission of energy. Fusion h
the potential to be a safe, clean, and virtually limitless energy source for future generations. However, demanding
requirements make controlled fusi for civilian purposes very difficult. Magnetic confinement could be a way to
overcome the difficulties of nuclear fusion so we can use this process as an energy source. Recently, we identifie
tokamaks as the most promising devices for magnetic confinemeand, nowadays, tokamaks are closer to fusion

than any other magnetic confinement or inertial fusion device.

Tokamak COMPASS

A tokamak is a machine that can sustain higtemperature and high-density plasma using a magnetic field. The
Institute of Plasma Physics ASCR, v.v.i., a member of the European Atomic Energy Community (EURATOM),
participates in the worldwide fusion research program. We reinstalled the COMPASS tokamak (Figure 1), originall
located at CCFE Culham, United Kingdom, in IPP Prague, B&spublic [1]. The first plasma was confined in
December 2008.
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Figure 2.Scheme of Thomson Scattering System

Thomson Scattering

In order to research and control plasmaehaviour and sustain its equilibrium, we needed a set of diagnostic tools.
OneofOEA 11 600 EI b1 OOAT O PAOAI AGAOO A& O AEOGOETT bl AOI A
Thomson scattering (TS) is a unique diagnostic for this purpose. It is a lasgided plasma diagnostic [2] providing

highly localized measurements. Some dralwacks of TS are in its complex design and the considerable construction

required due to its very low scattering efficiency.

The TS system is now under construction on COMPASS [3]. Figure 2 shows the schematic layout of this system.
Basically, it consistsof high-power lasers, polychromators to measure scattered spectrums, and fastalogueto-
digital converters (ADCs). We used twoeodymium-doped yttrium aluminium garnet (Nd:YAG) lasers, both with

30 Hz repetition rates and 1.5 J maximum output energy. kar light passes through the plasma and is partially
scattered. Monochromatic light is spectrally broadened by the scattering. Scattered light from 56 spatial points is
led by the complex of collection optics and opticdibres to polychromators (designedat CCFE, United Kingdom)
where the incoming light is spectrally analyzed by a cascade of spectral filters and avalanche photodiodes (APD)

The system uses up to five spectral channels for each polychromator for spectrum determination. Finally, the

signal rom each APD is digitized by fast ADCs.
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Figure3 . Laser Regimes

Data Acquisition Requirements
The duration of one laser pulse is 8 ns and lasers can operate in different regimes (see Figure 3): both lasers
simultaneously, or both lasers separately vih tuneableOE | A A Az1é8ins). The reqDirements on fast ADCs

reflect the need to digitize such signals with a sufficient sampling rate to reconstruct laser pulse time evolution.

System Hardware

We used a highspeed NI PXd5152 digitizer and slow DtAcq ACQ18CPCI ADC cards to synchronously digitize
signals from all polychromators (120 spectral channels). The fast ADCs convert data with high 1 GS/s throughput,
8-bit resolution, and interchannel skew less than 300 ps. These ADC cards (two channels per card)en@aWB per

channel onboard memory and are housed in four PXl045 chassis.

The first chassis, also called the master chassis, houses an embedded egpme PX18110 controller along with
triggering and timing cards to synchronize the remaining three slavehassis. The master chassis stores data,
performs calculations, and communicates with the slaves via MXltechnology (78 MB/s) and with the slow ADC
cards and COMPASS control system (CODAC) via Ethernet. All channels from all chassis are tightly syrizacon
with the reference clock from the NI PXxb6653. Using NI TCIk technology and butin phaselocked loops (PLLS),

we can achieve less than 300 ps interchannel skew, even in this highannelcount system. The slow digitizers

have 16bit ADC per channefor true simultaneous analogueinput with a sampling rate of 500 kS/s. We used two
slow ADC cards, each with 96 channels, a 400 MHz reduced instruction set computing (RISC) processor, and 512

MB onboard memory.
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Figure 4.LabVIEWControl Routine

System Software

We usedLabVIEWTto write the program controlling the digitizers in the TS system. The basic software functionality
includes parameter setup, arming the trigger, acquiring and displaying acquired records, and saving data to a file
(see Figure 4.)We will include additional features such as analysis, data interfaces, and more in the future as
necessary. The software runs on Microsoft Windows. We could use thabVIEWRealTime Module in the future

for deterministic operation inside the tokamak contol loop.

DAQ Features

The laser pulses trigger the data acquisition, so laser timing is currently the limiting factor of the retime TS on
COMPASS. Because TS DAQ hardware and software are modular, in the future we can increase the number of
digitizers and possibly laser trigger them using the embedded computer in the master chassis. The data will be

acquired in segments.

Thanks to the multirecord acquisition feature of the NI PXb152 digitizer, the segments can be acquired with as
little as 1 ps ketween them. Each segment represents one laser pulse, or double pulses in the regime when lasers
fire simultaneously or with a very small delay (less than 1 ps). A hardware trigger pulse coming from the lasers
initiates each segment acquisition without O$tervention. After the experiment (plasma shot), we download all

the segments together from the onboard memory of each digitizer to the embedded computer of the master chass

where the raw data is processed. Calibration data is stored there and it hascass to the slow sampled background
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radiation from the slow ADCs and the laser energy data from the energy monitor. The system integrates the

scattered signal, while the calculations of temperature and density performed are sent via Ethernet to CODAC.

Conclusion
COMPASS DAQ system for Thomson scattering diagnostic is able to measure evolution of scattered signal and th
gives us information we need to reconstruct the temperature and density profiles. It also let us measure signal
from three planned lasertiming settings we need for measure during different plasma condition.

Up to now we have tested all the Thomson scattering system and measure Raman scattering signal.
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UsingLabVIEWto Develop theGammakKey System for Acquiring,

Storing, Retrieving, and Processing Gamma Studies
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Product s Used
PCH6040E, DAQCareb062E,LabVIEW, NFIMAQ

Industry
Biomedical Engineering

The Challenge:
Improving the acquisition, storage, retrieval, and processing of gamma studies froemaloguegamma cameras.

Improving nuclear medicine diagnostics by prologing the life ofanaloguegamma systems.

The Solution:

Use of National Instruments data acquisition (DAQ) hardware and NlabVIEWsoftware to design a Windows
based acquisition system that support&naloguegamma cameras in daily clinical practice. The iages obtained by
gamma cameras are called stigrams. A scintigram is a twadimensional record of the distribution of a
radioactive tracer (radionuclide) in a tissue and organ, and it is the basis for nuclear medicine. Nuclear medicine
uses scintigrams toassist in diagnosing the malfunctioning of several organs (heart, kidneys, lungs, etc.) and

tissues (bones, joints).

Many nuclear medical departments, especially in developing countries haa@aloguegamma cameras with
hardware that is too old to work with newer computer OSs for image acquisition. The image acquisition hardware

and software that was originally used withanaloguecameras, is not available today. Since the most expensive and
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important components of the gamma camera (scintillation crystalised for detecting radiation) operates

effectively, it became of interest to prolong the life of thanaloguegamma system. Therefore weeplaced the
traditional, original Siemens MicroDelta computer systems, and we developed a WindoisA OAA O' Al | A
system to acquire, store, retrieve, and process images froanaloguegamma cameras. This system acquires three
basic types of gamma studies: static (mono and dual isotope), dynamic (mono and dual isotope), and whole body
studies. The system architecture useith this development is open and allows the inclusion of new studies that are

of interest for nuclear medicine practitioners.

Figure 1 GammaKey Portable Configuration

Software Development and Integration
The GammakKey system includes the following:
1 NI PCIF6040E multifunction DAQ module or arNl DAQCard6062E for PCMCIA and a custom designed NI
4 BNGt0-68 pin connector block
1 Desktop PC with features such as an Intel Pentiusnprocessor, 3.26Hz, DDR12 Mb, and WindowsXP, or
laptop with features such & a Genuine Intel(R), 1.6&Hz, 0.99GBRAM, WindowsXP
Software developed usind-abVIEWfor data acquisition and visualization of images from gamma camera
Software developed usind-abVIEWand NFIMAQ software for storing and retrieving images, offline imge
processing, and report generation
1 Microsoft Access 2003 database

The only connections between amnaloguegamma camera and the GammaKey system are tanalogueinput
signals in the® 2.5V range, X and Y describe the position of the gamma photon in K&/ coordinate system of the
gamma detector, and two digital signals, the Z1 and Z2 triggers, which indicate if gamma photons have enough

energy to be used in an image visualization procedueZ?2 is only used for dual isotope acquisition. The frequency
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of the trigger Z pulses is 20tkkHz. Each time when a gamma photon of sufficient energy arrives to gamma camera
AROAAOTI ORORI BEECEECT Al EDAOAT A OA OB E gdnsiobubsiylals OEAIYE O
which represent the current postion of the gamma photon in the scintillation crystal. The element of image matrix
that has matrix index corresponding to the sampled coordinate pair (X,Y) will be incremented. This procedure is
being repeated and at the end of image acquisition processjegy element of image matrix will be assigned a value
that corresponds to the number of acquired gamma photons of sufficient energy in the appropriate point. Different
colour palettes are used as standards for different nuclear medicine diagnostics fieldrology, nephrology,
neurology, cardiology, etc.). The type of acquisition that could support this kind of gamma image visualization is

analoguetriggered acquisition with a high sampling rate.

We chose the NI data acquisition hardware that will supporthe following features:

9 High sampling rate (500kHz) that could support highfrequency gamma photon emissions

1 Small interchannel delay (2rs) for analogueinput channels (X and Y) that provides the correct position of
gamma photons
Existing digital input triggers and the possibility to implement triggered data acquisition
Programmable gain that allows for maximum use of thanalogueto-digital (A/D) converter range for the
analogueinput channels generated by the gamma camera (input limits 2.5V)

9 Highresolution and linearity of A/D conversion (12bits, relative accuracy® 0.5LSB, differential

nonlinearity ° 0.5LSB) that will not undermine the uniformity of gamma image acquisition

We also used_abVIEWto communicate with multiple applications on thesame computer to develop an electronic
patient record system. We used a Microsoft Access database to easily create a database with administrative data
OOAE AO OEA DPAOGEAT 0860 EAAT OEEEAAOQEIT 1T 1 Oi AAOh aninAtio h
OEA T AAEAAT A@gPAOOGSO 1T AI An AT A OAAET EAAT AAOA AAT O
isotopes, image format, and type of collimator. Communication between the Microsoft Access database and
LabVIEWapplications for data acaisition and image processing is conducted usinglaabVIEWIibrary that

supports the dynamic data exchange (DDE) protocol.

We used theLabVIEWenvironment to develop software for the triggered data acquisition and we used NI IMAQ
Vision for LabVIEWtoolkit (now called NI Vision Development Module) to quickly and easily implement image
processing applications. Additionally, the NIMAQ Vision toolkit has a builtin image processing library that we
used to implement the basic clinical analysis. The GammakKieyage processing supports the following operations:
O00i 11 OEET ¢choe Al T1TA Al OOAAOGEI T h AT T OO0OAOGO OAOEAOQEITH
drawing, and arithmetic operations of images. ROI analysis is the most commonly uggdcessing method of
gamma studies and the most important diagnosis method. Using IMAQ Vision libraries, we easily implemented an
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automatic routine for ROI extraction and calculation of ROI activation. This automatic procedure is comprised of
Gaussian smothing, conversion smoothing images to binary form, removing particles, filling holes, separating
regions, and edge detection of separated regions. The final results of ROI analysis are the percentage ration of R
activation for static gamma studies and th dynamic time curves of isotope distribution through the body for

dynamic gamma studies.

In cooperation with medical experts, we developed a completely new routine fanvestigation of indium-111
platelets distribution and place sequestration that coulde used for estimation efficacy of splenectomy (surgical
removing of spleen). This method combines invivo static and dynamic gamma studies of the heart, liver, and sple
and an invitro blood analysis.This routine automates the previous manual study progessing procedure and saves
time in clinical practice. Also, the GammaKey system opens up possibilities for the implementation of other specifi

analysis methods that medical experts apply manually as part of clinical work or research.

Figure 2 Exanple for Static 8udies Figure 3. Example for DynamictBdies

Benefits of the GammaKey System

Renewinganaloguegamma cameras with the GammakKey system delays buying new expensive digital gamma
systems. This lowcost upgrade, which costs about 5,000, makes it acceptable for all nuclear medical
departments. Additionally, this interim solution is useful because it helps medical experts continue their activities
in the medical imaging field and provides current and upcoming professionals with trainingn using the nuclear
medicine equipment. This training prepares them to operate new systems if their departments provide them in the

future.

Clinical Evaluation
The GammakKey system is currently used in daily clinical practice in five nuclear medical defmaents: in Clinical
Center Vojvodina (since 2005, Center for Clinical Laboratory Medicine, Nuclear Medical Department) and in

Clinical Center Belgrade (Neurology, Hematology, Urology and Endocrinology Departments (since 2007) in Serbi
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UsingLabVIEWand PXI to Design and Implement a Test Rig for an

Electrical Steering System Prototype for Airplane Nose Landing Gea
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Challenge:
Designing and implementing a test rig for thelectrical steering system prototype of passenger airplane nose
landing gear based oran AIRBUS A320.

Solution :
Creating a system based on NlabVIEWSsoftware and PXI hardware using a redaime OS for quick development of
the test and control application for the &st rig, and readyto-use LabVIEWfunctions to quickly develop our

algorithm.

O7EOE OEA 0 8) LaviEW@o@arGniing Anvichnmenjt, we efficiently developed our test rig control and
measuring system. The hardware configuration leaves room to @girmore input signals and to expand the system
by using new measurement modules. Due to its modular design, we can expand our application by implementing
additional functionalities. In addition, the readyo-use signal analysis functions labVIEWwill make that

Ei bl Ai AT OAQGET 1T DHOT AAOO AO OEIiPI A AO bi OOEAI A8d

Introduction

The aim of the international distributed and redundant electromechanical nose wheel steering system (DRESS)
project was to create a prototype of a passenger aircraft nose landing geae@trical steering system. The Institute
of Aviation (lIoA) Landing Gear Department scientists designed and manufactured an electrical steering system te

rig prototype to simulate actual conditions. They designed the test rig to withstand quick and simpt®nfiguration
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changes due to the prototypical nature of the test object. Such flexibility in configuration changes almost always

forces modifications in control and test rig hardware testing.

DRESS Test Rig Control System

oA engineers designed, develogk and manufactured the DRESS test rig. They created the mechanical design an
manufacture, as well as assumptions of the test rig control system. Veritech, a National Instruments Alliance
Partner, developed the test rig control software. DRESS test progneassumptions forced test rig flexibility due to
both quasistatic and dynamic loads at the level of the nose landing gear wheels. The test rig needed to perform a
wide range of tests. For example, we needed to simulate phenomena during a {speed airplanetaxi, as well as
phenomena during a highspeed airplane touchdown. Therefore, we decided to build the system using
interchangeable hardware and software configurations. As a result, we made two configurations according to

constraints to simulate proper test conditions.

To simulate conditions during lowspeed airplane taxiing, we chose a module powered by a hydraulic engine

(ATCSS). In this case, lofvequency (up to 4 Hz), largeangle (up to 9@®), high-value torque occurs. To simulate
touchdown and highspeed airplane ground movement, we made an electrically driven module (DCSS). This

module unbalances the airplane nose wheels using two discs mounted in place of the original wheels. During
dynamic tests, we can speed the wheels up to 4,000 rpm for higlalue torque with higher frequency, but with

limited twist angle (up to 5°).

MMI

Command
Control Bay

\
MB LAB DCSS loading
module
GROUND FLOOR  pymmyLic

MB LAB
FIRST FLOOR

Main Frame ATCSS loading

module

HYDRAULIC
SUPPLY

Figure 1. Test Rig System ArchitectugeTwo Interchangeable Load System Configurations Controlled by One
ComputerBased ContreMeasuring System
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With this solution, we created a test rig that meets the tests requirements and is compact enough to fit in the
laboratory. We maximized the unique properties of the PXI measurement platform (for exampkgrict

synchronization between the measurement modulefside PXI chassisfor high-quality, coherent sets of test data.

Chassis NIPXi1042
Controller
/O Modules NIPXi6624 NIPXI6514 NIP>Z(1(6723 m
availaiechamnels [ R B B=
Channel Analog Analog Digital Digital Counter
Type Inputs Outputs Inputs Outputs Inputs

Z7 N K3 B3 K3 BB
B3 =) o) ) (o) Lo

Figure 2. PXI Computer Hardware Configuration

We used a new version ofabVIEW!to create an application that divides its threads between two cores of the CPU
for better stability and to execute all tasks within the desired time. The application can also detect the current
mechanical configuration of the test rig by using proper identification solutions. The main part of our control
testing application maximizes the capabilities of a rdaime OS. We used a redgime OS to make our application
more stable, which is crucial because the test rig is located in a different room than the operators.

Besides application stability, which enhances test rig safety, we also faced a challenge toveéelproperly timed,
high-quality signals for external measuring systems made by other project participants. Application multithreading
and PXI platform synchronization made it possible to deliver signals with as little as a millisecond delay. We
generatedscalable signals, which were measured directly by the test rig. We also generated signals resulting from
the analysis of multiple measurement inputs, which required proper signal processing optimization and

synchronization to achieve proper signal consistecy under time constraints.

Conclusion
With the PXI platform and NILabVIEWprogramming environment, we efficiently developed our test rig control
and measuring system. The hardware configuration leaves room to connect more input signals and to expand the

system by using new measurement modules. Due to its modular design, we can expand our application by
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implementing additional functionalities. In addition, the readyto-use signal analysis functions i.abVIEWwill

make that implementation process as simig as possible.

Contact information
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UsingLabVIEWand PXIto TestASICs
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The Challenge:

Designing and testing applicatiorspecific integrated circuits (ASICs) for physics and biology applications.

The Solution:
Using NILabVIEWSsoftware and PXI hardware to creat a Virtual Instrument to test ASICs as quickly as possible.

O07A AOGEI O A OEOOOAI ET OO00OI AT O OEAO OAT EAAT U AT A K
we can perform necessary tests without using other devices. Our viihstument is built on dedicated software
written in LabVIEW so the user can set proper test configurations, ASIC parameters, and readout data, then anal
illustrating the results on the graphical user interface. Thanks to this solution built on Miducts, we have saved up
Oi 1TTA UAAO 1T &£ OAOOET Cc86

Introduction

Our physics solutions detect lowenergy, highintensity x-ray radiation
(see Figure 1). We design a dedicated@AU AAOAAOT 080
such as DEDIX [1], RG64 [2], and SXDR64 [3],ig¥hare used for
readout silicon strip detectors, as well as chips like PX90 [4] that are
fabricated using 90 nm CMOS technology and are used for readout
pixel detectors (see Figure 2). Our chips contains up to few thousands
readout channels working in sirgle photon counting mode (they count

every single photon hitting the detector if it has an energy higher than

Figure 1. XRay Detection With DEDIX AS certain threshold). All of our chips consist onalogueand digital parts
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with specific digital communication interfaces responsible for controling an ASIC and streaming out acquired data.
Each interface may have a different number of lines, but can work with different digital I/O (DIO) speeds up to 200
MHz. We needed a way to test the ASICs as fast as possible so we could present the resultstamdvorking on

further solutions.

Creating a Virtual Instrument
haam: . - Aoeumiiasa We test ASICs to make sure the fabricated chip parameters meet the requirements

To do so, we need to communicate with the chip, acquire data in the dsifream

form, and convert it to ameaningful representation. Then, we need to measure

physical phenomena (in this case, the number of photons in given time period),

(14 LR

and calculate ASICanalogueparameters from acquired data. We need to present

X ad e

the results in the best way possible to drawarrect conclusions. There is no device

JHIK on the market to meet these requirements, so we decided to build it ourselves
using NI products.

Figure 2. PX90 Chip Bonded to PCB

Qur virtual instrument (see GUI in Figure 3) is built on an NI PXI chassis with modular devices such as an NI PXle
8106 controller with a dual-core processor for fast calculations and an NI PX6662 high-speed DIO module for
handling control and data signals. We also used an NI P20Q71 digital multimeter to precisely measure chip bias
currents in the range of tenths ohA, an NI PXx#110 power supply to quickly and precisely control certain
potentials, and an NI PXB6259 multifunction DAQ module for multipurpose measurements and settingnalogue

output voltage.

We chose National Instruments devices e

because they havevell-prepared and easy
to use drivers with aLabVIEWAPI which
make it easy to use them in advanced

applications. During the test, we set a delay

for eight digital input lines referring to the
output clock signal, and it took us just five
minutes to implement this functionality
using LabVIEWand the PX16562.

Figure 3. Front Panel of DEDIX Data Collector Virtuadtrument

After communicating with an ASIC, we work with the digital bistream, which is useful for observation and
debugging a dedicated digital waveform data type. We used a variety of functions from thebVIEWFunctions
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palette to properly cut, move, and convert the bistream data and change it to useful representations of theray
intensity. From that data, we calculate ASIC parameters such as gain, noise, and DC level spread between chann
or pixels. We use many mathematical functions such as differentiation, fitting (Gauss function and dedicated
modified error function), many operations on arrays, and other basic data typesabVIEWoffers all of these

functions and we can apply them quickly usinghe software.

The performance of the device is important because of the large amount of data collected. For example, the PX90
chip contains a 32x40 array of 1,280 pixels, which counts incomingrays, and needs a singlanalogueparameter
(threshold scan) measurement to perform data fitting to all pixel data, and to calculate the chip calibration
parameters needed to repeat the measurement 256 times. This means we need to repeat the data fitting procedur
more than 300,000 times, and time is critical. Wi LabVIEW?2010, the programmer can configure the For Loop to
use multicore processors. Using this feature, we speed up our calculations more than seven times on-anré

processor.

Conclusion

We built a virtual instrument that reliably and quickly testsour products. It uses a variety of modular instruments,
SO we can perform necessary tests without using other devices. Our virtual instrument is built on dedicated
software written in LabVIEW, so the user can set proper test configurations, ASIC parameteand readout data,
then analyze it illustrating the results on the graphical user interface. Thanks to this solution built on NI products,
we have saved up to one year of testing. For example, the Japanese corporation Rigaku used one of our solution
[2] in a high-speed, positionsensitive detector system. With our new virtual instrument, the time we spent testing

the ASIC used in the device was less than three months.
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Using LabVIEWand GPIBo Create a Remote Laboratory for
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The Challenge:
Developing a distance laboratory to perform various measuring and monitoring tasks, mainly on electromechanica

machinery and power electronics controls.

The Solution:
Using NILabVIEWSsoftware and GPIB to create a distance laboratory for electrical and mechanical engineers to

access via the Internet.

O7A AOAAOGAA A EobthlAaBota@rEEohceph far@léckitalfdAve such as asynchronous (ASM),
synchronous (SM) motor/generatoand DC motor/generator measurements. Students can access and perform
AROAOEAAA AgbAOEI AT OO OEOI OCE AT U xAA AOI xOAO86

Introduction

We wanted to useLabVIEWto create a solution for electrical and mechanical engineering students to experiment
with measuring and monitoring freely and independently from their homes by using the Internet. We basically
knew how to useLabVIEWin distance laboratories to measure electrical machinery and power electronics, and to
assist selfpaced learning. So, we prepared an@sted simulations, measurements, and remoteontrol

experiments, and then provided educational materials and support for students and Internet users to use with the

distance laboratory.
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Figure 1. Automated Measurement System Conceptiwinternet Corrol and Monitoring

We created an automated measurement laboratory system that can be controlled and monitored using an Internet
connection. The lab also includes various sensors and actuators, a data collection server, and a web server (see

Figure 1). Qur goals for creating this laboratory were as follows:

A Modernize the educational procesg implement new technology and computer control to monitor and
visualize a modern educational process

A Decrease the number of hours students have to spend in the lap increasing our selfpaced learning
offering

A Offer practical experiences with real systems using only an Internet connection

A Offer access to more learning materials, such as manuals that include measurement descriptions and
practical video presentations through elearning

A Implement real-time measurement system monitoring on real equipment by using a web camera and

measuring and storing the acquired data

Distance Laboratory

The distance laboratory consists of various measurement examples mainly focuseua electrical machinery and
power electronics controls. The main part of the laboratory focuses on electromechanical machine measuring and
monitoring such as asynchronous motor (ASM) (see Figure 2 and Figure 3), synchronous generator (SM), and
direct current motor (DCM) (shunt, serial and compound motor/generator). The measurement of linear

asynchronous motors is also included.
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Figure 2. Distance Measurement of Electromechanical Figure 3. Completed Design for Distance
Actuators z Asynchronous Measurement Concept Measurement of Synchronous Motor in
Test Design LabVIEW

Figure 2 shows the basic concept of the distance laboratory for asynchronous motor distance measurement. To
correctly analyze and measurehis motor type, you usually need four multimeters. In our case, we used only one
multimeter controlled by GPIB. The changes between measurement points were realized by 64 solid state relays
the board (see Figure 7), depending on the measured value (cant or voltage). Stepper motors regulate the

resistance values and the AC power source in the distance laboratory.
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Figure 4.LabVIEWBIlock Diagram for Drive Converter Control  Figure 5.Forward
System and Relay Control System Control Font Panel for Drive
Converter Control

During the measurement, mechanical characteristics of the drives are verified (in the theory of electrical
machinery also called torque characteristics). These characteristics are defined as a dependence of eletignetic

torque on rotors slip s(ASM), respectively on rotor speech (DCM and SM)The real torque on the motor shaft is
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reduced by torque losses caused by mechanical losses and additional losses. The rotor speed is measured by a

converter (frequency control of machine) and mechanically by a drive/brake module (servairive with various

control modesz drive, brake, stepper, and inertia).

The main part of the laboratory consists of frequencgontrolled servo drive/brake units used for torque and
speed maasurements for the motor mode and for driving on the desired rotary speed during the generator motor
mode measurement. Through the.abVIEWfront panel (see Figure 5), the user can set the desired speed and

torque for the frequency converter panel. Figure 4hows the simplified block diagram for theLabVIEWprogram.

DC machine measurement is realized for both modes: motor mode and generator mode. A DC motor in generator
iTAA EO Al O AATTAA OAUTAIT 86 ! AAT OAET Qd eRditatidd WiAdind, | 1
this electrical motor can be used for various winding arrangements, such as serial excitation winding, shunt

excitation (parallel connection of windings), independent (separate) excitation, and compound winding
connection.

All of the measurements in our distance laboratory follow the welknown standards valid in European Union
countries.
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Figure 6. Front Panel for Distance Control Module of Figure 7.Design of Solid State Relay

Linear Asynchronous Motor (LASM) Board and Contol Width Adjustment

The entire distance laboratory is monitored by web camera for optimal verification and interaction with the
measurement. This way, the students or laboratory operators can visualize the work of the moving parts (rotation

of the rotary machines and linear movement of the linear asynchronous motor as shown in Figure 6).

During the measurement, real rotational machinery is controlled and driven. Because of the possible delay cause

by Internet connection, the operator must be patient wth delayed system responses.
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Conclusion

We created a successful distanamontrol laboratory concept for electrical drives such as asynchronous (ASM),
synchronous (SM) motor/generator, and DC motor/generator measurements. Students can access and perform
experiments through any web browser. For correct functionality, we installed a reaime plug-in for distance
measurements from theLabVIEWwebpage We also accepted cookies necessary for user number limitations. The

main components of our distance measuremnt system were as follows:

A Automated measurement and distance measurement system focused on electrical machinery and power
electronics measurements

A Basic idea of distance measurement and its applications in educational processes ardagning

A Measurement equipment design and multiplexers (64relay combined board, converter control board,
resistance and power control design)

A Design of electronic components and control boards

A PXI server concept definition with acquisitions cards andlabVIEWprogramming

A Distance laboratory server, measurement, and feedback
A

Integration into the education process

Figure 8.Department Web Page Design With Distance Laboratopcéss for Internal Testing anc

with E-learning Module
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The Challenge:
Developing a laboratory to study catrol algorithms suited to the challenging nonlinear and stochastic nature of

specific energy sources, many control loops, and retime millisecond operation.

The Solution:
Creating a custom laboratory using NLabVIEWsoftware and CompactRICand PXI hadware and using advanced
control and estimation techniques to investigate and develop microgrid control algorithms for renewable energy

sources.

Pull Quote:

O7A AET OA . AOGEITAI )1 OO0O0I AT OO O £OxAOA AT AfitEuAiqud x A
qualities of reliability, availability, and robustness. In addition, the modularity of the equipment gives us the option
AZOOOOA OUOOAI AgPDbAT OET 186

Introduction

As the importance of renewable energy sources rises, the importance of makithggm efficient and readily

available also rises. As part of the global effort to develop and use renewable energy sources, we established the
Laboratory for Renewable Energy Sources (LARES) in the Faculty of Electrical Engineering and Computing at the
University of Zagreb. LARES conducts research specifically related to controlling wind and solar energy sources,

well as various forms of energy storage.
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LARES Overview

We designed LARES as a microgrid consisting of a custom made wind turbine, actetdyser for hydrogen
production, a hydrogen fuel cell stack, and photovoltaic panels (see Figure 1). The purpose of the laboratory is to
investigate and develop microgrid control algorithms, as well as to design algorithms to control specific energy
sources. The laboratory researchers study ways to increase energy conversion efficiency for renewable energy

sources using advanced control and estimation techniques.
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Figure 1. Scheme of Laboratory Setup at LARES

)y 060 AEAIT 1T AT CET ¢ Odorithnk Beddude Bene@dbld éndrgyAduiced 6fferi disglay nonlinear,
stochasticbehaviour; the development requires many control loops; and it requires redime hardware operation

on a millisecond time scale. The nature of the renewable energy system regesrcomplex control algorithms in
addition to classical algorithms. We needed hardware that was fast enough to execute these complex algorithms i

real time and a simplified way to program them.

To fulfil these requirements, we considered several hardwarplatforms, including programmable logic controllers
(PLCs), industrial PCs, dSpace hardware that can be programmed with The MathWorks, Inc. Sim@lik
MATLAB?® software, and National Instruments hardware programmed withLabVIEWsoftware. We based our
requirements on computational speed, number and diversity of input and outputs, programming simplicity, and
cost-effectiveness ratio. We chose National InstrumentSompactRICand PXI hardware.
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Wind Turbine Energy Source
The LARES wind energy source corsg of a wind turbine placed in an air chamber with artificial wind produced

by a powerful blower (see Figure 2).

Figure 2. Wind Chamber vith Wind Turbine and Powerful Blower

The electrical energy produced by a generatedriven wind turbine is conditioned by a controlled AC/AC

converter.

The control system hardware is located in a control room and consists of a PC powered by AlbVIEWand an NI
PXF1033 chassis. An NI cRI9014 with an NI 9219 universalanalogueinput module and an S.E.A. WLAN
communication module are housed in the wind turbine rotor hub. Because we can program the amount of wind th
blower produces and control the individual pitch of each turbine blade, we can investigate problems related to
nonhomogenous wind speed and tower vitations. The equipment in the wind portion of the laboratory is
dedicated to investigating thebehaviour of the system in nearly stochastic wind conditions, as well as developing a
control algorithm for the system.
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Hydrogen Plant

The hydrogen part of he laboratory (see Figure 3) consists of the electrolyser for hydrogen production, metal
hydride hydrogen storage containers, a fuel cell stack, voltage converters, and a cooling system. The ON/OFF val
establish the paths of the hydrogen and oxygen fla The control valves in the fuel cell system obtain the desired
hydrogen pressure and hydrogen/oxygen flow ratio and regulate the stack temperature. The fuel cell stack output

voltage is conditioned by a DC/DC boost converter.

Figure 3. HydrogenBasd Energy Source Consisting of Hydrogen Storage,

Fuel Cell, Valves, and Measurement Equipment

The control system of the hydrogerbased energy source in LARES is built on a PC program powered_apVIEW
and an NI cRIG024 controller with field -programmable gate array (FPGA) circuits and I/O modules in an NI
cRI09118 reconfigurable chassis for reatime hardware control. The 1/0 subsystem uses an NI 9425 digital input
module, an NI 9476 digital output module, a 2bit NI 9219 universal analogueinput module, an NI 9206 fast
analogueinput module, and an NI 9265 fasanalogueoutput module. Figure 4 shows the cRI©024 controller and

the 1/0 modules.
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Figure4.NI cRIG9024 With Input and Output Modules

We developed the control software using théabVIBN graphical development environment. The control software
performs sequential and feedback control of the hydrogen plant, controls the voltage converters, and controls the
safety and monitoring systems. The reconfigurable FPGA circuits in the NI 9118 chasand fastanaloguel/O are

especially useful in boost converter control because all responses must be fast.

Photovoltaic System
The photovoltaic system is planed as the third plant in the laboratory microgrid. It will be based on photovoltaic
panels placed on the building roof. The electrical energy from the photovoltaic panels will be transferred to the

laboratory microgrid by controllable voltage converters.

Laboratory Functions
We built the laboratory to design control algorithms for specific laboradry energy sources, which includes

advanced control algorithms such as adaptive control and model predictive control.

In addition to controlling the specific energy sources in the laboratory, we will develop algorithms for microgrid
control. The algorithmwill control the energy flow in the microgrid to obtain optimal energy production and
storage by monitoring the availability of each specific energy source.
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The microgrid based on hydrogen, wind, and sun power plants supports experimental research oétbontrol
paradigms needed for optimal synergy with other microgrid parts to reach specific objectives on a microgrid level
(for example: maximum efficiency, maximum component lifetime, and maximum profit). Our research could be a

good foundation for virtual power electric plant control.

Conclusion

We chose National Instruments software and hardware to create the LARES control systems because of its uniqu
gualities of reliability, availability, and robustness. In addition, the modularity of the equipmengives us the option
of future system expansion. The processor speed augmented with FPGA circuits makes complex control algorith
execution possible in real time. And last, but not least, the graphical programming interface simplified

programming complex ontrol algorithms and gave us fast prototyping.

MATLAB® and Simulink® are registered trademarks of The MathWorks, Inc.

* GRAPHICAL SYSTEM DESIGN »

Education — FINALIST

ACHIEVEMENT AWARDS
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The Challenge:
Developinga coursework that combines fundamental knowledge with the latest technologies to prepare students

for their engineering careers.

The Solution:
Using NILabVIEWSsoftware, NI Educational Laboratory Virtual Instrumentation Suite 11 (NI EVIS 1), NI

CompactDAQ, and NI Smart Cameras to create a series afesof-the-art courses and labs

O4EA 1 AAO AT A AGPAOEI AT 60 xA AOAAOGAA 1106 1171 U OGAAA
experience with one of the most advangedodern instrumentation laboratories based on NabVIEWand NI
EAOAxAOAS86

Introduction

As teachers at a technical university, we try to combine fundamental knowledge with the newest technologies
when preparing our coursesThis gives our students a widetechnical knowledge base, which is crucial in knowing
how to use stateof-the-art technology to solve problems We used National Instruments software and hardware to
DPOAPAOGA A AOT AT A T &£ 1 AAT OAOT OU AT OOOAO chursdsA@udOEA O
electrical metrology, electrical materials, electronic circuits, telecommunication systems, electronic measurement
systems, microprocessor systems, multimedia, and computer vision systems. The goal of the courses and lab wor
is to preparestudents for the CertifiedLabVIEWAssociate Developer (CLAD) exam whidhcreases their
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marketability when searching for jobs after graduation This paper presents some examples of the labs and

experiments we created.

Employing NI ELVIS Il Instruments in Electrical Materials Lab
In most of our labs based on NI products, we use NI ELVIS Il prototyping boards. To protect the boards, we
designed and fabricated casings (see the left side of Figure 1) to protect against dirt, dust, and other dangers. The

required electronic elements and specially prepared wires fit in kit boxes (see the right side of Figure 1).

Figure 1.Casing for NI ELVIS Il and Student Laboratory Kit

Electrical Materials Syllabus

We offer secondyear Automatics and Robotics studentsudimentary laboratory classes in electrical materials.
During the class, students perform a variety of experiments using NI ELVIS II. They learn about physical structure
for constructing electronic components through exercises such as testing lighensitive structures and
temperature-dependent components and examining field effect and properties of thermpjunction. The lab gives
students a chance to test various types of electronic elements such as photoresistors, photodiodes,
phototransistors, optoisolators, thermistors, silistors, thermocouples, junction fieldeffect transistors (JFETS),

metal-oxide-semiconductor transistors (MOSFETS), rectifying diodes, Zener diodes, and LEDs.

Experiment Procedure

Each task usually involves assembling a simple measunent circuit directly on the NI ELVIS Il prototyping board,
testing specific elements with NI ELVISmx measuring instruments, determining their main characteristics, and
calculating principal static and/or dynamic parameters. The variety of components andistinct configurations of

the measurement circuits give students an opportunity to familiarize themselves with many available NI ELVISmx
virtual instruments, including a digital multimeter (DMM), voltmeter, ammeter, and ohmmeter, Zhannel
oscilloscope, function generator, variable (symmetrical) power supply (VPS), Bode analyzer, and & 3-wire

current-voltage analyzers.
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A Sample Experiment: Examining Optoisolators

In one of the experiments dedicated to lightensitive structures, the students thoraghly examine a popular
PC817 optoisolator (Sharp) made of a photo transmitter (emitting diode) and a photodetector (phototransistor).
This experiment includes measuring the optoisolator input characteristics, determining the output characteristics
for various operating conditions, taking the transient characteristics, then calculating the current transfer ratio
(CTR) for several working points. Moreover, the students estimate dynamic parameters of the optoisolator,
measure Bode characteristics, and assedse passband. Figure 2 illustrates the selected measurement circuit

assembled in this experiment.
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Figure 2.Examining Dynamic Properties of the Optoisolator

Electrical Metrology

In an electrical metrology course, also offered in the second year of edtion, students useNI ELVISmx
instruments to learn methods of measuring resistance, capacity, static and dynamic parameters of operational
amplifiers, and selected 4pole circuits. To perform these exercises, the students work with much more advanced

circuits compared to those used during the electrical materials course.

Electronic Systems Laboratory

In the electronic systems lab, students build on their experience from previous courses and learn the basics of NI
LabVIEWGgraphical development software. Tis lab is a set of exercises to familiarize students with the basics of
electronics. To support the testing environment and obtain a set of measurements, such as numerical and graphic
results, the students usd.abVIEWt0 create an application (see Figur8). These experiments include halfvave and
bridge rectifier, transistor basics, operational amplifier schemes (linear and nonlinear), astable, monostable, and

triggering circuits using a classic NB55 chip.
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Figure 3.Block Diagram and Front Panel folesting Operational Amplifiers

Microprocessor Systems and Telecommunications Laboratory

The microprocessor systems lab, as well as the telecommunications lab, contains exercises that use NI Elvis Il wit
third -party boards. To teach microprocessors, wase a Freescale MC9S12C128 microcontroller board equipped
with many types of interfaces and builtin modules (see Figure 4). In the telecommunications lab, we use the

Emona DATEX board and a set of prepared experiments.

Multimedia and Computer Vision Syst ems

We offer advanced courses using NI software and hardware to master students. At the master level, students hav
earned their Bachelor of Science degree, have basic knowledgé.abVIEWand the NI ELVIS Il environment, and
can use their experience to dwe advanced problems. Up to now, we prepared multimedia and computer vision
systems labs at this level. The labs are equipped with an NI 1742 Smart CaméeehhVIEW, and NI Vision Builder

for Automated Inspection (Al). Besides the typical testing boards fahe computer vision course (connectors with

conductors, cotters, and 2D barcodes), we prepared a board with integrated circuits (see Figure 5).

#freescale

Figure 4 NI ELVIS Il With Freescale Board and Freescale Code Warrior Environment
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Figure 5 NI 1742 Smart Camera and Testing Boards

To prepare for the automated inspection application, students learn about video processing, as well as

programming using Vision Builder Al and advancetlabVIEWfunctions.

Summary

The labs and experiments we created nainly teach the Automatics and Robotics syllabus, they also give students
experience with one of the most advanced, modern instrumentation laboratories based on MbVIEWand NI
hardware. We are arranging to have our courses and labs approved by thabVIEW Academy program. As an
additional way to prepare students for theCLAD exam, we sometimes offexr short review course during halfterm

breaks.
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e-learning in Education of Instrumentation & Measurement
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Abstract :

The paper gives a short review of reasons for developing and adopting a Hearaing model in the field of
Instrumentation and Measurement as part of Electrical Engineering. First, a descriptiomefdlearning evolution in
thelast 10 years is presented. Therfallows a description of the relation betweenlearning and the scientific
community. The next part is devoted to the practical implementation ééarning in Instrumentation and
Measurenent. The main topics considered tse elements of a Virtual Laboratory are: project design, simulations of

experiments and remote access to a (real) laboratory.
KeywordsiICT, distance learning, electronic book, distributed system, virtual instrumenmtiual laboratory .
1. INTRODUCTION

It is a well-known fact that ICT has grown very expansively in the last several years. It creates great possibilities
and gives us new tools thatve can learn and creatively implement!

At the same time, ICT creates new, féicult tasks and challenges, which can be the sources of some fear.

This fear is because:
1 the expansion of a new technology very ofteaxceeds the expectations, ideas and imaginations of a
number of people;
people observe the growth of science and techimgical progress and see them a& source of threat ;
a high level of unemployment, competition and environmental devastation establishes questions about
food supplies;
some people are forced to change jobs many times in their life;
more and more people whacannot work all their life at ahigh activity level fall behind; and,

globalization produces a high level of structural changes, exceeding the potential of many people.
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Education is a serious remedy for those fears becaudeducation prepares people to w ork and live andlets
OEAI O1 AAOOGOAT A OEA x1 Ol Ah OOA £0A edusateddak i Be richningfil A A
element of the production, together with capital and technologyO ( E-& & A ¢oies more easily to regions with

educated stafs.

The generality, universality and necessity of education should have the highest priority in an Information

Society.

In the behaviourismi T AAT h A AT 1 DbOOAO AT A OEA )1 OAOT AO xAOA Al
functionality. In the constructive model, the computer and Internet play a role in cognitive tools. Now is the time to

answer the question: What is the best way to implement new ICT tools in research & development and education?

The European Union declaration at Lisbon includes very iportant parts related to the education of all people. For
A @Al DIiEArdpe WilBneed to invest more in its young people, education, research and innovation, so that we ¢

provide our society with the assets and outlook to generate wealth and providarégdor every citizen8 8 o

O 8To give to all citizens the same opportunities of improving his/her degree of instruction and to promote the

institution of a life-long learning systen8 6

The European Commission has established the European Training Faiation (ETF). Its mission is to assist
partner countries in developing quality educational and training systems and putting them into practice. The ETF
work program is structured around a series of projects, such as TEMPUS, SEE, MEDA, EECA, etc., Weigidee

in the partner countries to facilitate the reform of vocational education and trainingand-employment systems. Due
to wide political and social transformation, there is an increasing need for new teaching approaches similar to
those in older European countries. Elearning seems to be the best way to reach these objectives because it
removes physical, geographical and cultural barriers to education and enables learners to choose their own
learning paths and times. The assumption that education shdd not be separate from our professional and family
life has led many societies to provide and develop new systems of distance learning. The advantage of distance
learning over a traditional model of education is in its flexibility. That model of educatioand its tools are directed
to the needs of an individual, it enables selhanaged learning, saves time and ensures cost savings, including
travel costs and the cost of accommodation. The education is usually hofased, which guarantees friendly and
comfortable learning conditions. New developments in ICT have enriched traditional classrooms with new e
learning tools and has improved learning quality in both residential universities and geographically dispersed
learning groups. Of all the technical innovabns, the Internet has become an indispensable tool in the introduction

of new technology to education, and its growing impact on the future of the educational model is inevitable.
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The computer and Internet enable:

e-mail correspondence,

access to soure materials stored on web sites and GROMSs,
solving tasks and problems,

writing reports, projects, etc.,

online meetings, and,

=A =/ =/ =4 =4 =

discussions with lecturers and other students.

Questions that were taken into account are topics that will be discussed in tfimmework of the working
COil 661 DRO £l O %AOAAOQEIT ET )1 00001 AT OAGETT 0o -AAOGO
the IEEE Instrumentation and Measurement Society, Technical Committee-Z& Education

in Instrumentation and Measurement.
2. EVOLUTION OF-EEARNING TECHNOLOGY
In the last 20 years, dearning technology went through a great evolution. The experienogith learning in general

and, specifically, dearning has proved that the reason fora lack of advancement istrongly correlated to the

learning model. The process can be approximately characterizég Table 1, presented below9]:

Table 1
Years Level of activity Knowledge sources Retention
Factor
1990 | Reading e-mails, e-papers 20-40%
online, self-study guides
1995 | Reading and watching online course with static | 40-50%
visuals, online PPT pres-
entations

2000 | Reading, hearing and watching online courses with au- 40-70%
dio-video animations,
recorded real lectures,
exercises

2004 | Reading, hearing, watching and | interactive real live e- 50-75%
talking classes and e-courses,
audio-video conferences
2006 | Reading, hearing, watching, talk- | online courses with au- 65-95%
ing and doing (designing) dio-video animations,
simulations, web-based
exercises

Technological progress has a very strong influence on learning models. It has been summarized

in the following points [9]:
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Fundamental progress in technolo gy:
1 Greater computer power,
1 Smaller computer size,
1 Greater network speed,
9 Higher network availability,
1 Wireless Networking, Security and privacy.

Technological progress results:
i Users are always online,
All information and knowledge resources are online,
Digital media is everywhere,
Streaming media,
Rich multimedia,

Handson exercises, animations, simulations, games,

=A =/ =4 =4 =4 =

Embedded systems.

Influenced learning trends:

Ubiquitous learning,

Mobile learning,

Collaborative learning: Webbased communities,
Lifelong learning,

Global knowledge resources,

Reusable objectsdbased learning content,

= =4 =4 =4 =4 =4 =

All students are always online.

But, what is very important to the crucial phase of the learning process in the scientific and engineering fields is
practical training activity. It ensures a good transfer of knowledge from the teacher to the students. Teaching in
Instrumentation & Measurement science has more important necessities: students have to work al
instrumentation in conditions that are as realistic as possible.fey should have an opportunityto repeatthe same
experience several times (triatand-error mode).
In summary, it can be mentioned that the facts and demands are the following [9]:

1 Fast obsolescence of knowledge,

1 Global knowledge resources (not local),

i Technology-based education and lifdong training,

)l

The need forJustin-Time subject/topic -specific knowledge/training,
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1 Flexible access to postiniversity lifelong learning,

1 Skills gap and demographic changes drive the need for new learning models, and élvailable support
includes the following aspects:
MAccess to the Internet is becoming a standard at work and at home,
MAdvances in digital technologies enable the creation of interactive, mediach learning content,
Mincreasing bandwidth and better deivery platforms make elearning more attractive for learners,
MA growing selection of high quality elearning tools, products, and services,
MUse of standards facilitates the compatibility and raise of learning objects produced by various

developers.
3. MODERN ELECTRONIC BOOK

One of the most important factors, even in a new concept of education, is still the textbook. Thanks to new ICT
tools, the new version of textbooks used in distance learning is much more flexible and creative than previous
ones.Usuh 1 U OEAOA EETA T &£ ATTEO AOA ETi x1 AO OAI AAGOI 1T
Instrumentation & Measurement, can be prepared by professors and experienced lecturers in the form of
electronic lectures (books) and stored on CIRCQM. Certainly, the same content can be placed on websites,
available via the Internet. Electronic books have the advantage of presenting the whole material of a single subjec
on one CD. The cost of multiplying it is relatively low. Creation of the materiean be done with Dynamic HTML
technology (HTML, Cascading Style Sheets, Java Script and FrontPage tools). Because of nearly unlimited space
besides traditional educational content it can include:
1 Auxiliary software,
3A0 1T £ DbOAI EAAQETCO66AT A OOI OOAA OAAAEIT
Addresses and links to other knowledge sources:léraries, archives, collections,

1
1
9 Questions/answers and tests,
1 Animations,

1

Simulations of experiments.

)l
A proposed structure of the eletronic book is presented in Figurel [2].
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Learning
Unit

Learning Units

Figure. 1. Stucture of the Electronic Bok
The tools that can be implemented in the creation of anlgook, can be divided into threecategories:

Traditional tools:
1 Texts,
Fonts: bold, italic,colour, etc.,
Equations,

)l

)l

1 Drawings,
1 Photos,
)l

Backgroundcolour and texture.

Multimedia tools:
I Text comments,
1 Audio comments,
1 Video comments,
1 Animation of drawings,
1 Animation of presentations.

Advanced tools:
9 ' AT AOGAOGI 0O 1T £ BAOGOOR O,1 AAi 6 OEiI 61 AGET 1 Oh OS$EO
1 Simulated experiments,
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1 Remote experiments.

Additiona | tools compatible to HTML
1 Java Applets
1 FLASH Modules

The Javaprogramming language plays a very important role in preparing multimedia applications. It is a very
useful tool in writing network applications. Java can be run under any operating system. daapplets can be
introduced into the HTML text of any ebook. They can be improved and animated. Simply put, Java is able to
enrich multimedia content throughout web sites with animation, advanced graphics, sound and images with no
need to introduce additional applications available through the web browser. A very complex program can be
distributed through the polymorphic network of the Internet with no need to know what kind of operating system

is used by the student. An example of a Javapdet is presented in Figure2.
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Figure.2.The Set of Instruments Prepared in Java Apptati

This example of a Java applet is prepared as a set of instruments connected together and creating a measureme
system for investigating an amplifier frequency response. We nahange the amplifier frequency band from

~ oA o~

The second, no less helpful tool in the area of animations destined for Web siteg;lssh from Macromedia. It
CAT AOAOAO Oi Ail AADPAAEOU AZ£EI A0 OEAO x1 OE .bwid [AI@@®AT
based on a vector graphic in which information about each image pixel is not kept, as witbigmap, but instead
uses mathemaical formulas to describe the shapegolour and layout of the object. With that information, the

created file has a smaller capacity, and even complex animations are quickly loaded by browsers. The
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implementation of Flash animation is a very simple procesand available to everyone. An exampls presented in

Figure 3.

L4 2 Macromedia Flazh Player &
Bl WS Coied M

Figure. 3. An Example of the Flash Animatiodlle

On the monitor screen we can see two instruments: a function generator (on the bottom) and a scope (on the top).
They are connected. fie output signal from the generator can be seemn the scope display.

What can be observed in both cases is a modern form of thesirument front panels - like from fairyland. They

have been prepared by students, which is the reason for thathe simulations described above are strongly

connected to the idea of &irtual Instrument
4. THE IDEA OF A VIRTUAL INSTRUMENT

In order to construct a Virtual Instrument it is necessary to combine the hardware ansbftware elements that
should perform the data acquigiion and control, data processing andiata presentation in a different way to take
maximum advantage of the PC. It seems that in tfigure, instruments will move more and more from the
hardware side to thesoftware side. Currently, the most popular way gbrogramming VIs is based on a higlevel
tool software. With easy-to-use integrated development tools, design engineers can quickly createnfigure and
display measurements in useffriendly forms, during product design and verification.The most known, popular
software tools are as follows:
1 LabVIEW (National Instruments) < is a highly productive graphical programming language for building
data aquisition and instrumentation systems (Virtual Instruments). To specify system functionality the
user intuitively assembles block diagrams, which are a natural design notation for engineers. Its tight
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integration with measurement hardware facilities rapid development of data acquisition, analysis and
presentation solutions.
A LabWindows/CVI (National Instruments) 2 is aWindows-based, interactive ANSI
C programming environment designed for building virtual instrumentation
applications. It delivers a dragand-drop editor for building user interfaces, a
complete ANSI C environment for building test program logic, and a ¢t&ttion of
automated code generation tools as well as utilities for building automated test

systems, monitoring applications or laboratory experiments.

The power of the software tool lies in the libraries, which enable:
A access to instrumentinterfaces (GAB, RS232, VXI, DAQ)
full control of autonomic Instruments (Instrument Library),
creation of Graphical User InterfacésUI (Graphics Library, User Interface Library,
formatting and /O Library),
digital Signal ProcessindSP(Advanced Analysis Library),
access to global computer networkNTERNET (TCP/IP, DataSocket, ActiveX),

o Do Do o Do Do

inter-process data exchang®DE (Dynamic Data Exchange).

The ideal tool enabling easy control of programmable instruments is a specialized commaset calledSCPI
(Standard Commandgor Programmable Instruments). SCPI dramaticallgecreases development time and
increases the readability of test programs. It has its own set oéquired common commands in addition to the
mandatory GPIB (IEEE 488.2) common commandsd queries. AlthoughlEEE 488.2 is used as its basis, SCPI
defines programmingcommands that we can use with any type of hardware or communication link. It has an open
structure. The SCPI Consortium continues to add commands and functionality to the S&Bhdard. For example,
the following command programs a digital multimeter to configurdtself to make an AC voltage measurement on a
signal of 15V, with a0.005 resolution: MEASure:VOLTage:AC? 20, 0.005

A dualchannel spectrum analyzer is a very impressive example of a vidlinstrument. The block diagram of a
spectrum analyzer designed especially for educational purposés presented in Figure4. It is made as a kind of
bomeversiond A1 O A b A O équippAd withhaltypi€addddddoard. Nearly all types of the softare
tools are equipped withfunctions servicing the sound board, which can be implemented instead of an expensive
DAQone.
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Figure 4. Block Diagram of a Spectrum Analyzer Based on a Sowatd

In the case of DAQ implementation, the software part has beevritten under a LabWindows/CVI environment, so
that the graphical user interface (control panel) has a usdriendly form. It is divided into three separate parts.
Each part includes a different control panel. The user can select the most appropriate the specific measurement
or analysis function. It alsas possible to build a hierarchical structure of control panels. A control panel designed
for both signal and spectrum presentation in thenline mode is presented in Figures.
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Figure. 5. ControPanel ofSpectrum Analyzer in Online ddle

Further, a user can select two different control panels for the offline mode: control panfdr signal presentation
(Figure 6) and control panelfor spectrum presentation (Figure7).
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Figure. 7.Control Panel of Spectrum Analyzer in Offline Mode for Spectmasdntation

An example of the reconstruction of cooperative real instruments (function generator Agiler®3120A and dgital
multimeter Agilent 34401A) prepared under LabWindows/CVI is presentedn Figure 8.

e e Er— T Y 1150
Figure 8. The Front Panel of a Real Instrument: Function Generator Agilent 33120A and Digitaidter
Agilent 34401A.
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One of the most natural environments fowirtual instruments is in a distributed system, especiallywhen we are

taking into consideration a new approach to the education model (distandearning).

5. VIRTUAL LABORATORY

It seems that nowadays, from the viewpoint of measuremerdnd-control systems,LAN can be considered as a kind
of measurement bus. Common Internebased software can be used to provide easy data migration between the
various communication pathways. Multicomputer processing systems are effective in creating complex systems b
overcoming the limitations of a single computer concerned with the overall computing power or the number of
signals to be acquired and processed. Standard software languages such as C and Java can be used ulitd off
shelf development tools to implement the embedded network node applications and the wekbased applications,
respectively. Internet based TCP/IP protocols, Ethernet technology and/or DataSockets can be used to design the
networking infrastructure. DataSocket is a software technology for Windows thahakes sharing all measurements
across a network (remote Web and FTP sites) as easy as writing information to a file. It uses URLs to address dat
in the same way we use URL in a Web browser to specify Web pages. DataSockets technology included with any
software tool is ideal when someone wants complete control over the distribution of the measurements but does
not want to learn the intricacies of the TCP/IP data transfer protocols. In all types of networked and distributed
measurement systems, presented alwe, reattime operation and constraints are critical issues to be considered
during system design to ensure the correct system operation. As previously mentioned, in the scientific and
engineering fields, the crucial phase of the learning process is pragdi training activity that helps to assure a good
knowledge transfer from teacher to students. In the area of Instrumentation & Measurement engineering, students
have to work on real instrumentation in conditions that are as realistic as possible. They alshould have the
opportunity to repeat the same experience several times anglven learn in a triakand-error mode. As it already has
been shown, VI can be used over the LAN or even the Internet in a quite easy manner. It is possible to give a use
free access to the measurement results as well as let the user control the instrument remotelhe main
drawbacks of introducing those elements into the laboratory experiments are the following:

1 the high cost of measurement instrumentation,

9 the high cost of mamgement of experimental laboratories,

9 areduced number of laboratory technical personnel and their expensive continued training,

1

an increasing number of students.

There is only one practical solution: to build Virtual Laboratories and share the limited sources of one or more
laboratories among a large number of teachers and students over the Internet. The remote control of experiments

and equipment over the web is an idea that is just being explored. Different tools are now becoming available for
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the remote control of instrumentation using network communication. Several demonstrations of camera control
and data acquisition as well as simple experiments have already been ma@ewr knowledge concerning the
processes resulting from experiments, ability taontrol these processes and a set of tools needed for digital
recording and transmission are good enough to introduce a new model of laboratory researctsc a Virtual
Laboratory. The most important elements of a Virtual Laboratory are Virtual Instrumentsrad Distributed
Measurement SystemsThe ICT tools that are very helpful in designing a Virtual Laboratory are listed
below:

Internet Protocols: IP, UDP, TCP;

SOCKET®S available under Unix (and Windows 9X/NT asvinsock method of

network communication between applications;

O#1 BRAIOOAOS A OAFemdnfust Gpdriife gockattaid wait for a connection.

Attached to the open socket is a certain number, together callecpart. Clientshave to know

the network address of the computer(server)as well asthe port number;

JAVA : Objecbriented programming language that enables the creation of the

system software throughout a set of cooperating independent components

(objects);

Objects: real or virtual instruments, device drivers, servers, clients and lagtl

=A =4 =4 =4 =4 =4 =4 =4 -4 -4 =4

abstract objects like mathematical or logical functions.

By supplementing classroom teaching with wetbased experiments, the student should bable to interact with
physical systems, much in the same manner as modern experiments aaaried out today, tnder computer control.
Laboratories accessible from the Internet providesnrichment to the educational experience that is hard to obtain
from other video-based remoteteaching methodologies. Remote control of experiments and equipment over the
web is anidea that is just being explored. Different tools are now becoming available for remote contui
instrumentation using network communication. Several demonstrations of camera contr@nd data acquisition as

well as simple experiments already have been mad#][5].

The Virtual Laboratory can be organized in four different modes:

Synchronous Mode (level 09 Passive observation of an experiment conducted by

the teacher;

Remote visualization of an experiment (level 1) Passive observation of an automatically wiing system;

Remote control of an experiment (level 2) Remote control and getting results;

= =/ =4 =4 =4

Remote project design (level 3) Project design and implementation of their own system There are two,

known approaches to developing the software :

50| Page

‘7 NATIONAL
’ INSTRUMENTS'




1 commercially avalable integrated development systems,e. LabVIEWand related software tools such as
Measurement Studio;

9 ObjectOriented Programming (OOP) such as those using Java and related technologies.

The main design objectives of a Virtual Laboratory are:
portabil ity,

usability and accessibility,

maintenance,

client-side common technologies,

security,

privacy assurance,

scalability,

=A =/ =4 =4 =4 =4 =4 =4

interconnectivity.

The software destined for system supervision (Learning Management System) should implement
the following tasks:
9 control single users and groups (authentication, password, authorization, rights),
manager the communication process (between user and laboratory),
monitor access to laboratory resources (systems, instruments, functions),
managelaboratory resources (singk instruments or groups),
organize users (groups, rights to resources, rights under conditions, changes of rights, priorities),
manage learners,
keep track of their progress and performance across all types of training activities

manage and allocate learmig resources such as: registration, classroom and instructor

=A =4 =/ =4 =4 =4 =4 =4

monitor availability, instructional material fulfillment and online learning delivery.

In summary the LMS should include:

1 Collaborative learning tools (chat, forum),
Virtual classrooms,
Test edting and management tools,
Student activity tracking,
Feedback tools,
Statistical analysis tools,

Access control and logs.

= =/ =4 =4 =4 =4 =

Laboratory specific tools:
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Remote control of the instrumentation and the distribution of GUIs,
Concurrency management for supervisd and concurrent work sessions,

Reserving resources,

o O O O

Scheduling requests.

The idea of a virtual laboratory, as remote access to a rdaboratory is presented in Figure 97].
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Figure 9. Thedea of a Virtual Laboratory (remote access to a laboratory)
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instrument (an online selection of functionsand parameters and results). The software must include two main
parts: server application and client application. Each client includes a control panel with a virtual scogeepared
especially for runningtests. The client can be attached to the server, vdh acts as a gateway to the real
instruments. After login, a session is opened for programming instruments and receiving measurement data.
Additionally, the server plays the role of controlling rights, maintaining security and much more (the concurrency
of processes and multiple access). Certainly, the most important usage of a Virtual Laboratory is concerned with
distance learning. Online experiments give the possibility to have an impact on a real process or object.
It is important that students understand the essence of events that take place in a measurement object, and
familiarize them with measurement systems and techniques. This should be done without limiting the number of
accessible instruments of a given measurement unit. Moreover, it is vital thetudents freely configure a
measurement system and even build a faulty circuit. This should enable a student to better understand the
POl AT Al 11T OE AnddODE @61 £AOEDBBEBSIEOOOAT 1 AAT OAOT OU O
operations that may destroy hardware used by the measurement system. More experienced and skilled students
will be given more freedom to conduct their experiments. Another important function of a virtual laboratory is
AAAROO O1I OEA A@DbAOEI( Adoud allol théluser tO ieafEindeistdnd and pakidlyBsolve E E
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problems that he might encounter in practice. Such a system should enable the student to design and store the
measurement unit architecture. This would minimize the time needed for remote accggo real instruments that
are essential to conducting experiments. Yet another useful function of a virtual laboratory is the possibility to
simulate simple experiments that can be used to present a problem discussed during a lecture. This function may
be very beneficial for users who are just about to learn how to use a virtual laboratorffhe example of real remote
access to a virtual laboratory is presented below. It is based on a simple measurement system for taking the
frequency response charactestics of an amplifier (Figurel10).

GENERATOR || > ouT | MULTIMETER
AFG 5101 DM5120

Figure 10. Block Diagram of the Measurement System for Taking Frequency Response CharacteristicswblifierA

4EA OUOOAI
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EServer: MS Windows Application written under a LabWindows/CVI environment(Virtual Instrument panel
placed on the measurement server).

EClient: MS Windows Application written under a LabWindows/CVI environment with remote access through
DataSocket technology.

Clients have been prepared in three versions, for separate control of both instruments and the overall

measurement system. The operating panels are presented in Figures 11,12,13 and 14.

E3 Serwer Wirtualnego Laboratorium
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Figure11. Server Application &el for DM5120and AFG5101 @ntroller
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Figure 12. Client Application Panel for DM512@@roller
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Figure 13. Client Application Panel for AFG510dnGoller
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6. CONCLUSIONS

The introduction of e-books into the Instrumentation and Measurement teaching process and placing the
measurement instrument in a distributed system based on the Internet enables creating advanced and flexible
systems that make it possible to support the learning process. An impait objective for the future is a remote
Virtual Laboratory, a very useful tool for teaching purposes in distance learning. Students could access Virtual
Instruments via a geographic network and directly carry out real experiments by use of a simple standa
commercial Internet Web browser. In this way, a more complete educational proposal can be offered by several
laboratories specialized in different measurement fields. The remote laboratory concept allows measurement
resources located at various geograpbally remote sites to be utilized by a wide distribution of students.
Experimental studies of physical events or objects with the use of measurement instruments help students to
understand measurement procedures and measurement system structures. Thusjidual laboratory should be
treated as a very attractive tool supporting education. Remote access to laboratories assures rational manageme
of expensive and unique measurement equipment. In other words, it facilitates the integration of measurement
resources. It is predicted that in the future, virtual reality techniques will develop so far that the Internet browser
will be replaced by a 3D interface. Users will have the impression that they are walking inside a laboratory where
all the instruments and wits will look like real ones. Users may be even tempted to touch the instruments. Another
objective for the future is the establishment of a network of universities offering distance education. This would
lead to the creation of a new model of distance @dation based on the NETTUNO model. Nevertheless, one has to
bear in mind that neither modern simulation techniques nor remote access to virtual laboratories eliminate the
necessity of conducting experiments in real laboratories with the use of real instroents. Practical experiments
play an important role in the process of gaining knowledge in the field of modern, complex technologies that are
AT T AOGAGAA 11 CaAddA XOA GO 1TADEGGEBAIAEEO EO T £ COAAO EI

be described with the use of mathematical calculations.
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Introduction

The quality of the electrical energy delivered to consmers nowadays is highly influenced by the enormous

number of small electronic and electrical loads that are drawing energy from the grid in bursts. According to recen
studies, we are witnessing changes today in demand and energy usage. In fact, the newdd A AAOAOI E
load characteristics and trends when changes in the nature of the aggregate utility load occur. Electronic loads ar
strongly related to power quality through the implementation of AC/DC convertors that, in general, draw current
from the grid in bursts. In that way, while keeping the voltage waveform almost unattached, they impregnate
pulses into the current, thus chopping it into a seemingly arbitrary waveform and, consequently, producing
harmonic distortions. The current voltage relgionship of these loads, looking from the grid side, is nonlinear,
hence, nonlinear loads. The existence of harmonics gives rise to interference with other devices being powered
from the same source and, having in mind the enormous rise in the number ofcduloads, the problem becomes
serious with sometimes damaging consequences and has to be dealt with properly.

The nonlinearity of a load means that the mains current now becomes more and more distorted, abandoning its
basic sinusoidab monochromatic? shape.Harmonics take more and more of a role in the energy balance. Bearing
in mind that most of the larger loads and the distribution network (including the suburban transformers) are
designed to work with the basic harmonic (that is, they are at the same tinseipposed to be inphase with the

i AET 80 011 0AcAgqh OAOEI 6O bOI Al Ai 6 AOA AT A1 O1 OAOAA
Unfortunately, the main part of the grid was designed many decades ago so there is no possibility to intervene
within it. The remedy must be found in the loads. In other words, one must have knowledge about the properties
the load if one is to expect some quality in the main current. This is usually done at the production plant and

distribution site levels. Field measurenents are of interest, too.

Solution
Measurements of the distortion power factor (DPF), the harmonic distortion (HD) and the total harmonic
distortion (THD) directly on the load is performed these days by dedicated measuring devices, the price of which

are between $5,000 and $10,000.
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There is, however, an incomparably cheaper yet more versatile measurement setup that will perform all the
measurements needed for a characterization of the quality of small loads: active power, reactive power, apparent
power, power factor, DPF, HD, THD, phase, etc. It has two parts: tiadVIEWVvirtual instrument and the NI USB
9215A acquisition module (Figirep 8 4 EA AANOEOEOEITT 11 AOI A AANOEOAO
including conditioning, performs A/D conversion, and transfers data to the computer. It has four channels of
simultaneously sampled voltage inputs with 16bit accuracy, 100kSa/s per channel sampling rate and 25@Ms
channelto-earth isolation, adequate for voltage measurements up to the 40ttarmonic (2kHz). It also provides

portability and hot-plug connectivity via a USB interface.

NI USB-9215A

Power supply

DUT (Device
under test)

Grid
220 rms

Figure 1. Schemat&of the Measurement System

4EA AT 1 DPOOAO EO AAI AOI AOET ¢ OEA Ai bl EOOAAR OEA 11 AEI
voltage. It performs all the secondary calculations to produce the quality indicators. It offers a usgiendly
graphical interface and presentation of the results (time diagrams, histograms, tables etc.). Finally, it performs

management functions: archiing, login history, measurement statistics etc.
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Figure 2. Main Thread of the Application

The software part of the power factor and distortion measurement system is found in tHel LabVIEW™

developing package (Figure). The virtual instruments consst of an interface to the acquisition module and an
application with a graphical user interface. The interface to the acquisition module is implemented as a device
driver. The USB9215A module is supported byNI-DAQmxdrivers. All the measurements are pedrmed using
virtual channels. A virtual channel is a collection of property settings that can include a name, a physical channel,
input terminal connections, the type of measurement or generation and scaling information. A physical channel is
terminal or pin at which an analogue signal can be measured or generated. Virtual channels can be configured
globally at the operating system level or by using an application interface in the program. Every physical channel
on a device has a unigue name.

The user interface of the virtual instrument consists of visual indicators. It provides basic functions for
measurement. The indicators gauges and graphs show measured values. All measured values are placed in a
table and, after the measurement process, in an appropite file. The user interface also provides controls for data

manipulation and saving measured values (Figur8).
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Figure 3. Interface of the Virtual Instrument

For better performance, the main application has been separated into two threads. The fitetead has functions

for file manipulation and saving measured values. All measured values will be saved in an HTML file format.

Conclusion

The main research goals of this project, produced by the electrical efficiency program of the Serbian Government,
are related to the creation of simple and inexpensive methods and instruments for powdactor measurements

and distortion characterizations of small electrical loads. A virtual instrument is capable of reéime sampling and
measurement of the voltage andurrent of a device under testing, providing the possibility for a transient analysis

in time and frequency. Measurement time depends on the storage capacity of the host PC.
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ARMed and Ready.

Prepare Students for Future Embedded Challenges

Author:

Nicusor Birsan Military Technical Academy, Bucharest, Romania

7EOE O1T AAUGO Ai 1T OOCAT O AOiI 1 O0ETT 1T &£ Al AAOCOITEAO AT A
demand, embedded computing is increasingly becoming an integral, often invisible compaart of the world around
us. It is just about everywhere: in cars, medical devices, airplanes, factories, electrical networks, our living rooms
and at work. Despite this ubiquitous presence, embedded computing is still an immature field, making it more
diffEAOTI O O1T EIT OO1 AGAA AO A1l O1 AROGCOAAOAOA 1 AOGAI 8 4EA
tools to familiarise students with the embedded world.

i AARAAAA AT 1 DOOET C EO AAET ¢ ET OOT AOAAA Arbugtaséridsio A 6
AT OOOAOGG O- EAOI bOT AAOGOI O ' OAEEOAAOOOAORSG O3PAAEAIE
courses have prerequisites in both the computer sciences and electrical engineering disciplines. Also, they
constitute good perequisites for application courses and provide fundamental preparation for the capstone

DOl EAAO AT A ZEET Al COAAOAOEITT OEAOEO8 4EA 1 AET T AEA
Al O OEA EAT T OAI AOGOA O tdinEodre dnbedded #yFAdm@&sign niedddEtiradghU A A O
examples of medium complexity applications. At the same time, the following objectives are considered: acquiring
an overall vision of the existing embedded systems in the market and applications covemnith them, knowing the
special characteristics of the design of embedded systems, learning the main concepts about the design of
embedded reattime applications, practicing design methodologies of embedded systems for medium complexity
applications and deggning a digital system for a specific application based on given requirements. To make the
topics more attractive, the laboratory classes are basically small microcontroller projects. Dr. Bruce Land from
Cornell University provided the inspiration in 2005to choose the right approach of introducing design with Atmel
AVR microcontrollers at the undergraduate level. Young students, though, are more attracted by the latest
hardware and technologiese.g, ARM CortexM3 microcontroller, and several students fom the department were
OAAT ¢T1 EOAA £ O OEAEO DOl EAAOO AU OEA O$AOECT 30AII
microcontroller prepared the academy for a new tool from the continuously evolving National Instruments
Graphical System Degin Platform: LabVIEWEmbedded Module for ARM Microcontrollers.

By making use oLabVIEW, teachers can illustrate various algorithms on both PC and embedded targets. This
portability not only shortens the development cycle but also invites students to fuher explore the theories and

technologies hidden behind those graphics, enhancing understanding and allowing them to find easier practical
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solutions for their applications. A good example of such exploration was demonstrated at MTA by a sophomore
student soon after the first release ot.abVIEWfor ARM in 2008. He developed a remoteontrol application in a
single day, without having any knowledge about embedded control or communication. The application allows the
movement of multiple sections of a robofarm in certain directions. Both programs, the user interface and the
microcontroller firmware is developed in LabVIEW. Somebody familiar withLabVIEWwill recognize the front

panel of the virtual instrument from the example pictures , but here the three kabs are controlling the orientation
of a real arm with claws that cargrip something. The communication between computer and microcontroller is
made over Ethernet using UDP datagrams. The user can remotely control four servos from the front panel of a
virt ual instrument running on a PC computer. The controlling data are formatted into a string and then sent to a
microcontroller board loading UDP packets. The four servos are controlled by four pulses with modulated outputs

from a Stellaris microcontroller (PWMO, 1, 2, 3 in Fig. 1).

Remote Host LocalPort ’RumtePort o=y
J169.254.1.10 !)61556 1161557 0

Claw Value

Il 1 1 0 1 1
0 02 04 06 08 1

050604 080 0.4 080601

Display Functions - specific to Stellaris hardware

UDP VIs running on
lany supported kargets

TGF

00 r" ﬁ"f_h
E— x] S | status [ B
T i AL
0

Figure 1. Robotic Arm and Block Diagram for the Microcontrolleaiget
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This is a simple remotecontrol application, but this control from LabVIEWopens wide the perspective for
advanced control algorithms that are notaA AAAOOEAIT A O1T O1T PET I 1T OA OOOAAT OC
xEQOE O1T i1 A EATTO 11 A AITAE AEACOAI hd x ERBEWRKAIART &O A
Stellaris microcontrollers in the lab. Of course, results came quickly with margther ideas turning into successful
POl EAAOO8 7EEI A AAOAT T PET ¢ OEAEO AAOECT Oh Qi ardivdrid A
xEAT AOAO OEAEO OANOEOAI AT OO AEAT 60 A£ET A A | AOAdnsoisi
or simply drawing imagesonth OEAO ¢ OAOCAQOS /, %$ j OAA &ECOOA

LabVIEW for ARM [

Figure 2. Imageson Luminary Micro EKKLM3S1968 Evaluation 8ard

For example, to develop an Internet radio player they ported an MP3 implementation, wrote necessary wrappers
in Cscript and drew a radio server inLabVIEW¢ nmw8 7EAOEAO OEAO APDPOI AAE xA
by hearing Sarah McLachlan and couple Austin radio stations in a YouTube video

(http://www.y outube.com/watch?v=k_sKI9eysy)

The virtual environment enables new methods to be prepared for teaching embedded system development. For
AgAi pi Ah AO OEA AAAAAT UBO AAPAOOI AT 6Oh A TAx AOOOE
embedded computing field and to make things easier for the undergraduate level, we are proposing a new
approach: readingexperimenting zthinkingzi 1 OA OAAAET ¢c8 !'1 OxAO0O OI OEA Ox
in a Justin-Time Teaching (JiTT) manner, bbb ET x6 OEET CO EAOA O1 AA Ajoh A EI
experiments. This way, the students are involved in solving simple assignments shortly before lecture class.
Responses to thoughprovoking questions are used to organize the presentations of dmedded systems and
applications theory around student understanding. The ARM microcontrollebased handson experiments

enhance this understanding by making use of theabVIEWEmbedded Module for ARM Microcontrollers.

This approach demands a closer instruor-student relationship and also, more student work. To further motivate
the student to do voluntary supplementary work, the latest microcontroller technology and development tools
were chosen along with the introduction of all programming languages in thspectrum, fromassembler to Gand
further to the more abstract,graphicalin LabVIEW. This creates a more stimulating environment for solving real

world problems? the main skill needed to be mastered by future engineers that will last their entire career.
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Implementation of Neural Classifier inLabVIEW
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1. Introduction

In the following article we present the implementation of neural classifier in developed in NlabVIEW

environment. The classifier is based on Counter Propagation (CP) artificial neural network. The realization of the
projected network was verified on a testing bench. As a result, a library that contains set of Virtual Instruments (in
form of .vi files) has beerbuilt allowing using neural network in LabVIEWapplications.

1. The neural classifier
1.1. Artificial neural networks

Artificial neural networks are built from single neurons grouped in layers. Neurons from one layer are connected
to every neuron inanother layer. Sometimes there is also feedback connection between different layers. The
structure of the artificial neural network and neuron model is presented in figure 1.

a. b.

Entry layer | Firstlayer 1 Secondlayer | Thirdlayer | Output
| ' (hidden) ! | layer

- > Wi
: N :)L

Figure 1/a. Artificial Neural Network Figure 1/b. Biologi@l Neuron Mbdel

A natural neuron is built from dendrites which provide signals by synaptic connections to neuron nucleus. In the
nucleus all provided signals are then summed. Signal is leaving the neuron by axon, where activation function is
realized.

1.2. The neural classifier

Neural classifiers are widely adopted in diagnostics, because they allow mapping multidimensional symptoms into
technically defined classes. Such mapping with mathematic formulas would be complex; however, neural network
can appoximate this mapping.
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Figure 2. 8heme of Neural I&ssifier

Counter Propagation (CP) neural network ishe compilation of Kohonen and Grossenberg architecture. The
advantage of such approach is a theoretically unlimited ability to map input to optit signals.

Grossenberg Layer

Output Layer

Figure 3 Architecture of CP Artificial Neural &work

Learning CP neural network happens in two steps: first the Kohonen layer is salfganized (Eqg. 2), then the
Grossenberg layer idearning on the basis of WidrowHoff learning rule (Eq. 4).

whx = max(wfx), i=1,..,n (1)
whHt = wk + a(x — wk) (2)
wktl=wk, i=m (3)

75 = 2l + v — ot (4)

tp = [Iw; — x| (5)

Where:
w - weight vector, x- input vector, y - output vector, d- learning vector, z- entry layer weight vector, k- time
period, m- winning neuron number, n- number of neurons.

Counter Propagation reural networks can generalize and associate information. Relatively low demand for
computing power needed for their realization results in wide adoption of CP neural networks

This paper presents the implementation of Counter Propagation neural network ibhabVIEWenvironment. In this
document, neural classifier was used to recognize the technical state of rotational machines.

2. Implementation of Neural Network in  LabVIEW

The authors built a NILabVIEWIibrary called Neural Networksthat contains Virtual Instruments (VIs) for learning
and implementing of Counter Propagation neural network. The first tool in this library i€ounter Propagation
Network Learning(Figure 4).
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Figure 4. Counter Propagation Learning VI

This VI creates and learns CounterrBpagation network. First layer parametersand second layer parameters
terminal contains information of network architecture, such as: number of neurons, number of class, number of
iterations, winning neurons number and number of neurons per class. VI retns weights of neurons, first and
second layers, based olearning vector. This vector contains estimates of searching parameters.

NEURAL

o
L

NEURAL
Kohonen Learning.vi %

NEURAI NEURAL ¢ NEURAI NEURA NEURAI NEURA

B A P i} i

Counter Propagation Learning.vi

NEURAL

L Grossenberg Learning.vi

Figure 5. VI Hierarchy of Counter Propagation Learning

The library contains VIs to learn individual layers, such akohoren Layer Learningand Grossenberg Layer
Learning.
The next tool in Neural Networks Library isCounter Propagation RealizatiogFigure 6).

input vector HEUFAL oukpuk veckar

first layer weights =
second layer weights
Errar in (no error)

error ouk

Figure 6. Counter Propagation Realization VI

This VI realizes previously trained Counter Propagation Network. Tefirst layer weightsand second layer weights
terminal must contain weights of neurons calculated in the learning process. VI returisitput vectorbased on
estimates frominput vector.

The Neural Networks Library contains also VIs to realize individudhyers (Figure7).
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Kohonen Realization.vi | & % Grossenberg Realization.vi

NEURAL

Figure 7. VI Hierarchy of Counter Propagation Realization

3. Neural Classifier Application.

The Neural Classifier Application was built based on a multithreaded structure in which three main parts
can be distinguisheddata acqusition with the highest priority, the analysisand user interfacewith the lowest

priority (Figure 8). In the presented structure, the user interface thread plays the role of the master, who sends
commands to other (slave) threads.

-DDDDDDDDDDDDDDDDDDDHSDS »~pkl 0000000 O0OOOOOOOOOOOO

PRIORITY

4

< <--Analysis

[ <--User Interface |

+}
#FConsk ACO Pararn e
¢ froceeomp | FConist Analysis Param
#iZonsk UI Param

1000000000000 0000000000O00000000O000o0O000O0O00o0ooo0an

Figure 8. Neural Gssifier- Application Structure
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To validate the application, authors have conducted a diagnostic experiment, which was based on the assessmen
of the technical conditionof a fan. NI USB233 boards wereused to acquire vibroacoustic signal and marker
speed. The test bench and the block diagram asbown in Fgures 9 and 10.

Figure 9. Testing Bnch

accelerometer

. " application
rotational acqusition N

machine card
NI USB-9233

Neural
Network
Library

tachometer

Figure 10. Block Diagram of the TeseBch

To determine the technical condition the authors used the estimates of the order spectrum designated®@sder
Analysis Vs from Sound and Vibration Toolkit.

As a result, the application was able to recognize the unbalance of the fan. The results can be seen on the Fron
Panel of the application (Figurell). 3D graph presents recognizing symptoms by projéed neural network: x axis
presents first order, y axisz fourth order and z axisz fifth order. In the experiment two technical states of fan were
ARET ¢ OAAT T EUAA OOAE AO OciiT Ao AT A OAAI AGAA&8 /1
technical state.

68| Page

‘7 NATIONAL
’ INSTRUMENTS'




E Real Time Meural C-lassifier

IE

nr of etimates

l Stop ]

order power spectrum good damaged

0,0018
0,0016
0,0014
0,0012
0,001
30,0008
0,0006
0,0004

| Y D N W

Magnitude

a 1 z el 4 5 G 7
order
ACQ state Analysis state
|Card read Analysis

Figure 11. Neural ClassifierFront Panel
4. Conclusion

Currently there are no tools for the implementation of artificial neural networks in NlLabVIEWenvironment. This
was the reason, why authors have builtNeural Network"libr ary, which allows building CP neural network. Library
has been tested on diagnostic rotation machines testing system. In the future the authors plan to extend projected
library for other neural networks types.
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NI ELVIS [IModules for Analogueand Digital Electronics

Author :
6 Al EIi

O ESAPIid.A.0, Eagreb, Croatia

The NI ELVIS |l platform is designed for learning through interactive simulations and virtual instrumentation to
build a bridge between theory and the actuabehaviour of circuits. With the open architectureof NI ELVIS II, Esapi
has developed laboratory exercises in the field of electrical engineering and informatics. Available laboratory
exercises include:
1. MODULATIONS
1 Amplitude modulation
1 Frequency modulation
1 Pulse amplitude modulation
9 Pulse position modilation
M Pulse width modulation
2. FILTERS
9 First order low-pass filter
1 Second order lowpass filter
1 First order high-pass filter
1 Second order highpass filter
1 Active filters
3. AMPLIFIERS
1 Common emitter amplifier
1 Cascade amplifier
4. OSCILLATORS
Colpitts oscillator
Hartly oscillator
Wien oscillator

RC oscillator

=A =/ =4 =4 =4

CR oscillator
5. CONTROL AND REGULATION
1 First order system analyses (transient and frequency characteristics)

1 Second order system analyses (transient and frequency characteristics)

70| Page

VNATIONAL
’ INSTRUMENTS'




Temperature measuement and regulation
Active filters (transient and frequency characteristics)

Step motor? control and regulation

= =/ =/ =4

DC motor control and regulation

Besides the possibilities of wiring circuits on a test board, ESAPI developed more than 30 different modutkat
can be put on the test board under the plugnd-play principle. The focus has been set on completing the task,
measuring and understanding the principles and circuit characteristics. Worksheets with instructionare provided

for all exercisesin Croatian and in English.

‘m 49,9189 Hz

Figurel. ESAPI Modules for NI ELVIS I

Several exercises will be shown as examples of how to approach the problem through theory, simulation and the

actual circuit.

Example 1: Amplitude modulation
In this exercise, students pgorm the simulation in NI Multisim and record characteristics from the oscilloscope
and Bode plotter.
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Figure 2. NI Multisim Scheme

The lower part of the scheme is an amplitude modulator made ofJFET. The XFG2 generates a carrier signal in th
Up pasition. It is connected to the JFET drain through a resistor. Modulation of the Um signal is generated by XFG
The variable resistor R5 sets the negative voltage on the JFET gate. The Uam output amplitude modulated signal
goes to a demodulator consistingf diodes, capacitors and variable resistors that can change the shape of the Ud
demodulating signal.
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Figure 3. The Result of the Simulation

In the second part of the exercise, students insert a module on the NI ELVIS Il platform, take the measurement
the real circuit and compare the results.

Figure 4. NI ELVIS Il Module for Amplitude Modulation and Demodulation
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Figure 5. The Uam Amplitude Modulated Signal and the Um Modulating Signal form NI ELVIS I

Example 2: Step motor z control and regula tion

In the introduction to this exercise there is a theoretical explanation of step motor structure and its properties.
This exercise shows the principle of a unipolar step motor with a permanent magnet and 96 steps for a full circle.
The LabVIEWprogram is a simple scheme and animation of the stapotor connected to the NI ELVI®rototyping

board. This is how the unipolar step motor looks inside and out:

Figure 6. Unipolar Step Motor

According to theNI Multisim scheme, students have to connect @uit elements on a prototyping board and run the

LabVIEWapplication.
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Figure 7. NI Multisim Scheme

Figure 8. NI ELVIS Wiring
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Figure 9. LabVIEWApplication

Using the universal NI ELVIS platform in education and research institutions providesgh-quality interaction
between teachers and students. Students are directly involved in design and manufacturing exercises from
different areas, combining the practical and theoretical knowledge they have acquired during their education.
Subsequently, teahing performance is improved and students prepare themselves for modern approaches to
acquiring knowledge.

10 OEEO EO AAOOOAN

O
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Preliminary Studies for Developirg a Device for Ultrasound Computed

Tomography based upon National Instruments PXI

Authors :

Laszlo Toth, Adam Vass Rébert Torok, Gabor Nags, Istvan Posef2, Janos Végh
1 University of DebrecenFaculty of Informatics,

2 National Instruments Hungary Software és Hardware Gyart6 Kift.
Abstract

The conventional nondestructive ultrasound-based diagnostic imaging system [1] where a manually operated
linear transducer array only records reflections is widely used today. The spatial resolution of thesggstruments is
around a few millimeters depending on the applied wavelength, focusing quality and user experience.

In Ultrasound Computed Tomography (UltrasoundCT or USCT), however, a huge amount of transducers is
arranged around the investigated area im fixed geometry. This method eliminates the human error and therewith
is capable of taking reproducible volumemages with submillimeter resolution and higher contrast than
conventional instruments. Although the idea of ultrasound computer tomography gé@ AAAE O OEA
some remarkable academic experimental instruments have been developed since then [3], building a commercial
device has never been successful due to the huge data rate and tioomsuming image reconstruction processes.
Therefore,the development of a simple experimental USCT instrument can be both a technical challenge as well
an educational project to support experiential learning. It allows students to solve interesting problems and to

build complex computer controlled instruments with data and image processing.
Our first simple experimental USCT instrument

Our measurement system consists of three main parts; a ring of eight transmitteeceiver pairs in a fixed
geometry, a National Instrument (NI) PXle based system for instmentation as well asLabVIEW,
LabWindows/CVI, C/C++ and SciLab software environmentsr data acquisition, image reconstruction and

visualization (Figure 1). In the early phase of the development we were using microcontroller and FPGA
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technology to devdop our first prototype. Later we chose a NI PXI because it enabled us to have a very flexible,

scalable system with the ability ofrunning a number of different test scenarios.

1062Q) equipped with Embedded Controller (NI P38#06), Arbitrary Waveform Generator (NI P>3411), 500 MHz
$0A1T 60uv wtmnm --099% &nd 12AigPAMVIs)s Diyitized @) P>8124).

The examined object simply was a 40 mm diameter cake jelly cylinder placed inside the detector ring in air as a
coupling medium (Figure 2., Left).

Under power a transmitter emits a short pulse of 40 kHz frequency undirected beam with spherical wave front,
while eight receivers measure the transmitted, reflected and scattered signals simultaneously. The received signal
are amplified, digitized, frequency filtered, Hilberttransformed for determining the envelope and stored in a

binary file for latter image reconstruction. Another transmitter emits an ultrasound pulse and so on. These
processes are being controlled by NLabVIEW. NILabVIEWand LabWindows/CVI applications ao carry out all
necessary calculations.
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Figure 2. Left: Measurement based UltrasoniCT reconstructions of jelly target by applying the IntensiBhanges
(green dots) and RadoiTransform based Backrojection (red areas) method€enter: Our simulaion for TOF and
Intensity-Change based image reconstruction methods with 30 transmitteceiver pairs. The red dots show the
intersection of those lines where TOF or intensity changes happened. Blue dots show the reconstructed image o
target following our False Intersections Filtering MethoRight: Simulation of Radorl ransform based Back

Projection image reconstruction method with 24 transmittereceiver pairs.

Since the different shape and material of objects do influence the transmitted signaldifferent ways, tone can
retrieve information about the internal structure of the investigated area by comparing the received field of signals
to a reference that one has measured without the object in air.

We tested different image reconstruction methodsi.e. time of flight (TOF) and Intensity Change distribution as
well as RadonTransform based BackProjection (Figure 2 Left). Furthermore, we have developed an effective
algorithm for False Intersections Filtering and made sufficient simulations with th initial and larger number of
transmitter -receiver pair for checking the scope of our modsland future planning (Figure 2 Center and Right).

For these calculations and for displaying data in the beginning we applied C/C++ and SciLab programming
environments, but now we utilize NILabVIEWand LabWindows/CVI. The parts developed in NI LabWindows CVI
act as the user interface and basically as a framework. We had a modular programming approach, so it was

possible to have code modules developed in differentrpgramming environments solving different tasks.
Summary

We succeeded to build and test a very simple experimental Ultrasow@IT. Although the spatial resolution of our
preliminary measurements due to the small number of transmittesreceiver pairs was vey low, we could

understand the basic physical processes. Also we were able to test several different experimental configurations,
the necessary basic instrumentation, algorithms and software environments. Furthermore, we had sufficient
experience for further work towards using experimental arrangements with a higher number of 3D arranged
transmitter -receiver pairs in fluid as a coupling medium. In all of these investigations the NI PXI platform as well a
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NI LabVIEWand LabWindows/CVI software environmentsturned out to be the right choices because of their
seamless connectivity with data acquisition and control hardware as well as their execution performance and
flexibility.
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UsingLabVIEWand NI PXI to Optimize a Measurement and
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The Challenge:
Developing a measurement and automation system to facilitate electrolyte and capacitor research and

development and providing a powerful database system for datetrieval and decision support.

The Solution:
Using NILabVIEWsoftware and PXI hardware to create a measurement and automation system that decreases

research and development time for new electrolytic capacitors.

O4EEO AT I DPAAO OUOOAI CE OA Gba€ed dafasdiistidniadtl méasubeheniEbn@dl A 1

sygem with added functions such as trigger buses, increased bus speed, and rugged and modular packaging. We

integrated the different measuring instruments, which can communicate through RS232 and RS485, into the syste
with the help of the NI PXGPIBand NIPXio w1t AT i 1 OT EAAQGEIT T 11 AQI Ad8o

Introduction [1], [2]

Capacitors play an important role in our world. They are in every electronic devicas well as energy storage
elements, filters, advancers, and decouplers. The main features of capacitors eapacity (1 pF to 1 F), operational
voltage (from 1.5 V up to some kV), operational temperature (fronb5 °C to 125 °C), loss factor, size, and shape.
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The four capacitors used most frequently in the industry are ceramic, foil, electrolytic, and tantaluffihey are
commonly used in applications such as coupling and radio frequencies, power supply, power storage, and power

electronics. Electrolytic capacitors are the most common.

The main advantage of an electrolytic capacitor is a high capacity and voltagdue due to its thin, but large,

dielectric layer surface. Its main disadvantage isensitivity to over voltages.

The main characteristics of electrolytic capacitors are determined by the electrolyte, the anode foil, and the paper

separator.

The electolyte generally consists of solvent (for example, ethylene glycol), acids and bases (usually organic), and
different additives. Electrolytes are characterized by two major features: conductivity and breakdown potential,
which are both dependent on the temerature. The change of conductivity as a function of temperature decisively
affects the electric parameters of the capacitor. The chemical reactions that take place inside the electrolyte
directly relate to the conductivity value at different temperatureh  O1T E 08 O EI Bi O0OAT O OI

The conductivity and breakdown potential of the electrolyte influences the maximum operating condition of the
capacitors. We use electrolytes with high conductivity in the lowoltage capacitors and the kectrolytes with low

conductivity in the high-voltage capacitors.

Measurement Types
Electrolytic capacitor research and development involves taking measurements related to both electrolytes and

capacitors. Electrolyte measurements consist of six measuremigprograms as follows:

A Conductivity(T} measuring the temperature dependence of conductivity. This measurement is one of the
most important measurements.

A Ph(T). measuring the pH value as a function of temperature. The structure of the program is comigly
equal to Conductivity(T), with the exception of using a pH meter instead of a conductivity meter. The measuremen
is important because the pH value of the electrolyte in the electrolytic capacitor must be in a specified range.

A Mixing(pH with singletemperature): measuring pH value as a function of the concentration of an electrolyte
composition at a specified temperature. We use this measurement to set up the pH value of the electrolyte.

A Mixing(conductivity with single temperature) measuring conducivity as a function of the concentration of
an electrolyte composition at a specified temperature.

A Mixing(conductivity with multi temperature):measuring conductivity as a function of the concentration of
an electrolyte composition at several temperaturesWe use this, along with Mixing(conductivity with single

temperature), to set up the conductivity value of the electrolyte.
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A Spark detectormeasuring the breakdown potential of the electrolyte.

The main capacitor measurements are as follows:

A Spark detectr: the structure of the program is similar to the electrolytic with one differenceg the object of
the measurement is the impregnated winding with the electrolyte, in which case we want to know the breakdown
potential of the paper electrolyte system.

A ESREquivalent Serial Resistancethis measurement is mostly used to determine the resistance of the
capacitor at different frequencies and temperatures.

A Gas pressuraneasuring the internal gas pressure of the capacitor in various operating conditions.

SYSTEM INTEGRATION, TEST AND DATA MANAGEMENT DATABASE SYSTEM

DATABASE CONNECTIVITY (ETHERNET)

LabVIEW
GuUI

PXI MU-

DATABASE
| SERVER

INDUSTRIAL
COMMUNICATION

RS-232
Devices

RS-232
Devices

GPIB
Devices

Power
supply

LOW LEVEL INSTRUMENT DRIVERS \WORKSTATiONS

Figure 1. Automated Measurement System Architecture

Measurement System Architecture

The core of the automated system is the NI PAAD42 chassis [3], with five modules including an NI PX8185
embedded controller [3], an NI PX6723 data acquisition module[3] for controlling the power supplies, and an NI
PXF8420 and NI PX4{GPIB for communicating with the measurement instruments via RS232, RS485 and GPIB [3]
(see Figure 1).

This compact system gives us equivalent performance to a #@sed data acquisitio and measurement control
system with added functions such as trigger buses, increased bus speed, and rugged and modular packaging. Wi
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easily integrated the different measuring instruments, which can communicate through RS232, RS485, into the
system with the help of the NI PXIGPIB and NI PX8420 communication modules.

We also used the NLabVIEWI[5] graphical programming environment to develop the related communication
routines (drivers) and measurement programs. We migrate the measurement results todatabase where we can

retrieve unpredicted and predicted data for evaluation and decision support [4].

Five out of the six electrolytic measurements share the same architecture structure (see Figure 2). The object of t
measurement, the electrolyte, s located inside a doublgacketed vessel. Water is circulated by a thermostat in the

external part of the vessel and the electrolyte is inside the vessel.

The pH meter and the conductivity meter provide the most important parameters. Each instrument has

electrode to measure the temperature, but only one is used during an experiment. The experimental setup require
the simultaneous operation of four individual instruments, such as a pH meter [7] [8], a conductivity meter [7] [9],
a burette, and a thermatat [6]. Controlling and precisely following up the temperature is essential during the
measurements so the thermostat device connects to the system every time. The burette is used only when we mu
know the variation of the pH or conductivity value as &unction of a composition. The mixing type measurements

give the relation of the conductivity or pH to the concentration of the examined component.

Conductivity meter

pH meter ‘ B;&H
- Spreader

\

Circulated water

_Electrolyte

Magnetic

Double-jacketed vessel

Figure 2: Diagram of Electrolytic Measurements

Conductivity(T) Measurement
The base of the software sysim is a framework originally designed to provide a common user interface for the
different measurement programs. Despite the differences between the measurements, we integrated them into th

above mentioned framework to manage the ports and instruments ani run the programs in parallel.
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The measurement system includes at least 27 different measurements and we implemented them all in a similar
manner. First, the user initializes the measurement, sets the measurement parameters, launches the execution, a

leaves the program running on its own, sending the measurement results to a database system.

Two instruments are involved in this measurement: the thermostat and the conductivity meter. Before launching
the program, the user initializes the measurementDuring the measurement, the user can choose between two
main tab controls® (see Figure 3.): Theset parameterdab contains the parameters set for the measurement,
while the Measurementab shows the state flow of the measurement, graphs, and display$iefprogram cyclically
executes the same steps. The state diagrz@l shows the current state of the measurement and the remaining time

before the next phase.

First, the program sets up the temperature. On the temperature grap\@,the user can check the meaured
temperature of the measuring probe and the thermostat. Durin&tabilization time, the temperature of the
electrolyte becomes the same as the thermostat. Through tivdeasuring & savingphase, the important

conductivity values® are locally measured andtored. TheRemaining time before the next measugeshown with

a progress ba®. After the Measuring & savingphase, the program calculates the mean of the conductivity values
from the stored data and only the results migrate into the database. Ti@onductivity @ and Temperature
graphs show the conductivity and temperature as a function of the number of measures, which are the most
important graphs because the user can check the electrolyte formation with direct correlation to the temperature.
The measuwement ends after the conductivity is measured at all the preset temperatures. The remaining time
before the end of the experiment is shown during the measuremen(®. The user can stop the program with the
STORutton ®.
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Figure 3.GUI of the Conductiwi{T) Measurement Program

Results

Figure 4 shows how decisions are supported by the automated measurement system. Each dot represents a

separateConductivity(T)and sparkling voltagemeasurement result obtained at 85 °C by the automated system.
From the graphical evaluation, users can select electrolytes with specific conductivity or sparkling voltages for

further research.

With the help of the automated system, users can verify the formation of an electrolyte as a function of the
temperature. Figure 5illustrates measurement results of Electrolyte 1 and Electrolyte 2, which were performed
with the Conductivity(T)measurement program. The conductivity of the electrolyte is measured more than once
(usually 10 times) at the specified temperatures. The sysin calculates a mathematical mean from the
measurement values at one temperature, indicated by the dots in Figure 5. As mentioned, the conductivity of the
electrolyte decisively affects the electric parameters of the capacitor. Conductivity between 900 aB@®00 us/cm

at 30 °C is considered low and conductivity around 10,000 us/cm at the same temperature is considered high. As
Figure 5 shows, the conductivity of Electrolyte 1 measured at 30 °C is 1,500 us/cm and Electrolyte 2 is 2,300 us/c
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