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Preface

The LabVIEW software environment from National Instruments (NI) is a reference 
used by engineers and scientists worldwide. It is known for being used as a specific 
solution and, normally, is coupled with NI-made or third-party hardware or in 
conjunction with additional software. There is no laboratory or industry that does 
not adopt LabVIEW as a standard.

Since its inception in 1986, LabVIEW has grown enormously. It provides not only 
an annual upgrading policy, but also a variety of annexed software products such as 
supporting software and design tools for measurements, automation, simulation, 
hardware integration, and data analysis.

LabVIEW is wrongly regarded as a simple tool for acquiring, processing, and 
displaying data. On the contrary, it is an extremely powerful and complete pro-
gramming language. The peculiarity of its graphical development interface, imple-
mented in the so-called G-programming language (where G stands for “graphical”), 
is both an advantage and disadvantage of LabVIEW. Its implicitly simple approach 
based on graphical diagrams could deceive the user or potential developers, inducing 
them to think that LabVIEW is a simple or even a trivial way of programming basic 
or simple tasks. However, in spite of its intuitive interface, LabVIEW needs to be 
carefully understood and its development techniques must be acquired and well 
known in order to develop professional applications that are robust, readable, scalable, 
and maintainable. The knowledge of the language elements is far enough from the 
ability to develop good and effective applications. With the aim to accomplish that, 
it is suggested that beginners consistently study and practice using LabVIEW, while 
advanced users should keep abreast of updates to the software. Courses, webinars, 
documentation, forums, discussions, experience, and formation, in general, should 
be considered as a part of the personal patrimony as a professional LabVIEW 
developer. Moreover, developers should think about good and specific planning 
before they start to merely “design,” in the sense of trying to put elements together 
to get a result.

To guarantee a complete and effective knowledge of the product, users should 
take into account the certification program available from NI. This program is 
a graduation process divided into three levels and based on exams. LabVIEW 
certification needs to be renewed every three years, making the owner responsible 
for keeping up with updates in the field. This is particularly important, especially 
since NI introduced a new platform for LabVIEW called LabVIEW NXG (New 
Generation), which should take the place of the “old” (but currently still used) 
traditional LabVIEW platform.

Given all of this, it is clear that LabVIEW has applications in many fields. As such, 
the chapters in this book cover such topics as didactics, laboratory applications of 
tests and measurements, and computational and modeling applications.

The book is organized into two sections: “LabVIEW as a Laboratory Tool” and 
“LabVIEW in Modeling.” The first section contains six chapters and the second 
section contains three chapters. 
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IV

Chapter 1, “Analyzing and Presenting Data with LabVIEW,” may appear to fit better 
in the second section of the book. However, I chose it as an introductory chapter 
because it contains a detailed summary of the calculation and analysis functions 
present in LabVIEW, giving the reader a wide overview of the possibilities that the 
development environment provides, which new users of the system often overlook. 
The same can be said about the aspects of data presentation made with LabVIEW, 
which is a peculiarity often delegated to further “external” software, an action that 
is not always necessary.

Chapter 2, “TeraVision: A LabVIEW Software for THz Hyper-Raman Spectroscopy,” 
is a review of a complete research lab application carried out with LabVIEW. The 
chapter opens with a premise on terahertz physics, necessary to understand the 
nature of the application, and then moves on to the description of the measurement 
implementation using LabVIEW. It is interesting to note the complexity of the 
application, mainly due to the considerable quantity of instruments and elements 
to be controlled centrally.

Chapters 3, 4, and 5 deal with the same theme: everyone is looking for, and 
 finding, a way to interface LabVIEW software with lean and affordable hardware 
like Arduino’s Open Source. Although accompanied by respectable hardware from 
NI, LabVIEW can also be used easily with third-party hardware. This solution can 
be used where there is no need for stringent and absolute reliability (typical of 
industrial applications) but one can be satisfied with cheaper solutions. In this field, 
Arduino represents a frontier that has always been widely considered, given its low 
cost compared to that of NI hardware. Chapter 3 opens with a discussion of the 
management, economic and otherwise, of resources for an educational  laboratory, 
with an eye toward the “remote control” of laboratories. Chapter 4 instead points 
directly to data acquisition techniques, with a focus on the concrete aspects of 
the electrical type. Chapter 5 deals with the practical aspects of interfacing with 
Arduino, presenting two different technical approaches to the integration between 
the parts and focusing on different platforms such as Raspberry.

Chapter 6, “Certain Applications of LabVIEW in the Field of Electronics and 
Communication”, generically deals with the applications of signal treatments that 
can be carried out in LabVIEW in various fields. These include pattern recognition 
to use with embedded systems as well as applications in robotics, medicine, and 
education. 

The second section begins with Chapter 7, which presents an algorithm, built 
entirely in LabVIEW, for determining the structural response of buildings to strong 
stimuli such as earthquakes. The chapter also presents some historical earthquakes 
that have been studied and analyzed using LabVIEW, using a discrete-time integra-
tion computation model. It concludes with a positive opinion regarding the use of 
LabVIEW for this application.

Chapter 8, “LabVIEW as Power Disturbances Classification Tools,” presents an 
interesting application of LabVIEW in the field of monitoring the quality of electrical 
networks for power distribution. The system is based on a hybrid architecture, which 
uses standard commercial electrotechnical tools placed in the field and ends with an 
interface to LabVIEW where the data is collected and subsequently analyzed.

Chapter 9, “Digital System Design,” uses LabVIEW for modeling digital logic. This 
represents a useful opportunity in the field of teaching, where potential learners 

V

can build combinatorial logic based exclusively on gates and elementary logic. 
This activity represents a strong stimulus to the understanding of the realization 
of advanced logic networks, such as those built-in small- and medium-scale 
integrated circuits starting from basic logic.

LabVIEW offers endless possibilities and, as we said at the beginning, it must be 
imagined as a programming language in all respects. The use of LabVIEW requires 
passion, method, and rigor, which are all essential skills to obtain professional 
results. In particular, it should be pointed out that LabVIEW must be approached 
methodically, avoiding improvisations and attempts supported by the fact that 
the use of the G-language is implicitly easy; starting from this assumption would 
represent a false step. Any professional use of LabVIEW must be supported by 
adequate preparation, starting with the execution of the appropriate existing basic 
courses (Core 1, Core 2, and Core 3) and proceeding hand in hand with personal 
experiences, towards any advanced courses.

Remember, the G is not just for graphics; the G combined with the correct 
programming structures and strategies makes a LabVIEW program worthy of 
the name.

Riccardo de Asmundis
INFN (Istituto Nazionale di fisica nucleare),

Section of NAPOLI, Italy

Università di Napoli “Federico II”, 
Department of Physics,

Napoli, Italy 
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Chapter 1

Analyzing and Presenting Data
with LabVIEW
Ahmet Mavi, Ahmet Özmen and Mehmet Ertuğrul

Abstract

LabVIEW is an abbreviation for Laboratory Virtual Instrument Engineering
Workbench and allows scientists and engineers to develop and implement an inter-
active program. LabVIEW has been specially developed to take measurements,
analyze data, and present the results to the user. You determine what the device
looks like, rather than the manufacturer of the device. LabVIEW has a very large
library of functions and subprograms (subVIs) that can help you during your
programming and use without occupying memory. Hidden programming problems
that you may encounter in traditional programming languages are less common in
LabVIEW. LabVIEW also includes different applications such as serial device con-
trol, data analysis, data presentation, data storage and communication over the
internet. Analysis library; It includes versatile and useful functions such as signal
generation, signal processing filters, Windows statistics and regressions, linear
algebra and array arithmetic. Due to the graphical nature of LabVIEW, it is an
innate data presentation package. You can view the data in any form you want.
Chart, graph and user-defined graph are among the output options that can be used.
As a scientist or an engineer, you frequently measure physical changes such as
temperature, pressure, time, mass, electric current, light intensity, radioactivity etc.
You generally need to analyze and present the data. When you have large amounts
of data, you need to use software to analyze and present the data. LabVIEW makes
these actions easy for you. Because LabVIEW includes hundreds of built-in and
add-on functions you need that make it easy to create a user-friendly interface. In
this chapter, we focus on data analysis and presentation.

Keywords: data analysis, data presentation, report generation, DIAdem, OriginPro

1. Introduction

Almost all LabVIEW applications include 3 steps: (1) acquiring data, (2) analyz-
ing and processing the data, and (3) presenting the data in a report or on a chart/
graph (Figure 1).

Acquire: NI (National Instruments) is a global leader in computer-based data
acquisition. More than millions of data acquisition devices have been sold by NI.
LabVIEW developed by NI is a user friendly programming interface and easily
communicates to NI devices. Therefore, most of the scientists and engineers choose
LabVIEW for programming and NI devices for measurements.

Analyze: LabVIEW software has more than 600 built-in functions for signal
synthesis, frequency analysis, probability, statistics, math, curve fitting,

3
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interpolation, digital signal processing, and more. You can also reach more func-
tions from additional modules. Unfortunately, some modules are not free.

Present: After you acquire and analyze data, you generally want to present your
data. Data presentation means data visualization, report generation, data storage,
Web publishing, database connectivity, data management, and more. The
LabVIEW includes hundreds of functions and tools for data presentation. These
allow you to visualize data in a very simple and effective manner.

2. Analyze with LabVIEW

2.1 LabVIEW data analysis and math libraries

LabVIEW presents the VIs and functions on the Functions palette using menus.
When LabVIEW is installed, built-in menus appear on the Functions palette. Some
of them do not contain functions by default. After installed certain modules,
toolkits, and drivers, functions appear in the built-in categories. For example,
Measurement I/O menu does not contain NI DAQmx by default. If you want to
utilize its function, you must install NI DAQmx.

LabVIEW includes hundreds of built-in and add-ons functions for analysis. You
can find a short list of analysis functions below [1].

Measurement.
Waveform-Based**.
Averaged DC-rms.
Cycle average and rms.
Pulse transition (rise, slew, overshoot).
Pulse width/period/duty.
Pulse amplitude and levels.
Signal noise and distortion (SINAD) analyzer.
Harmonic distortion analyzer.
Cross spectra Sine tone measurement.
FFT spectrum.
Frequency response function.
Power spectrum.
Power spectral density.
Array-Based.
AC and DC Estimator.
Amp and frequency estimate.
Amp and phase spectrum.
Auto power spectrum.
Cross power spectrum.
Harmonic analyzer.

Figure 1.
Common steps in a VI.
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Impulse response.
Network functions (avg).
Power and frequency estimate.
Power spectrum.
Scaled time-domain window.
Spectrum unit conversion.
Transfer function.
Signal Monitoring/Triggering.
Waveform-Based**.
Basic level trigger detection.
Limit testing.
Limit specification.
Limit specification by function.
Waveform peak detection.
Array-Based.
Peak detection.
Pulse parameters.
Threshold peak detector.
Signal Generation.
Windowing.
Digital Filters.

2.2 Statistics

1D, 2D, and 3D ANOVA.
Chi square distribution.
Contingency table.
erf(x) and erfc(x).
F distribution.
T distribution.
General histogram.
Histogram*.
Inverse chi square.
Distribution.
Inverse F distribution.
Inverse normal distribution.
Inverse T distribution.
Mean*.
Median*.
Mode*.
Moment about mean.
Mean squared error (MSE).
Normal distribution.
Polynomial interpolation.
Rational interpolation.
Root mean square (rms).
Spline interpolant/interpolation.
Standard deviation*.
Variance.
Signal Processing.
Autocorrelation.
Convolution.
Cross power.

5
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Signal noise and distortion (SINAD) analyzer.
Harmonic distortion analyzer.
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Frequency response function.
Power spectrum.
Power spectral density.
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AC and DC Estimator.
Amp and frequency estimate.
Amp and phase spectrum.
Auto power spectrum.
Cross power spectrum.
Harmonic analyzer.

Figure 1.
Common steps in a VI.
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Impulse response.
Network functions (avg).
Power and frequency estimate.
Power spectrum.
Scaled time-domain window.
Spectrum unit conversion.
Transfer function.
Signal Monitoring/Triggering.
Waveform-Based**.
Basic level trigger detection.
Limit testing.
Limit specification.
Limit specification by function.
Waveform peak detection.
Array-Based.
Peak detection.
Pulse parameters.
Threshold peak detector.
Signal Generation.
Windowing.
Digital Filters.

2.2 Statistics

1D, 2D, and 3D ANOVA.
Chi square distribution.
Contingency table.
erf(x) and erfc(x).
F distribution.
T distribution.
General histogram.
Histogram*.
Inverse chi square.
Distribution.
Inverse F distribution.
Inverse normal distribution.
Inverse T distribution.
Mean*.
Median*.
Mode*.
Moment about mean.
Mean squared error (MSE).
Normal distribution.
Polynomial interpolation.
Rational interpolation.
Root mean square (rms).
Spline interpolant/interpolation.
Standard deviation*.
Variance.
Signal Processing.
Autocorrelation.
Convolution.
Cross power.
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Cross correlation.
Decimate.
Deconvolution.
Derivative x(t).
Fast Hilbert transform.
Fast Hartley transform.
Integral x(t).
FFT/Inverse FFT (Re + Im).
Inverse fast Hilbert transform.
Unwrap phase Y[i] = Clip{X[i]} Y[i] = X[i-n].
Curve Fitting.
Exponential fit.
General least squares linear fit.
General polynomial fit.
Linear fit.
Nonlinear Lev-Mar fit.
1D and 2D linear evaluation*.
1D and 2D polynomial evaluation*.
Numeric integration.
Polar to rect/rect to polar.
Scale 1D/2D.
Find polynomial roots.
Mathematics/Numerical Methods.
Digital Waveform Analysis.
Digital signal subset.
Invert digital signal.
Uncompress digital signal.
Compress digital signal.
Digital signal size.
Search for digital pattern.
Compare digital signals.
Append digital signals.
Append digital samples.
Digital waveform to Boolean array.
Boolean array to digital waveform.
Waveform Conditioning.
*Denotes VIs that are shipped with the Base package of LabVIEW for Windows.
**Waveform VIs input a time-domain signal and output a scaled measurement.
We highly recommend that check the examples located in LabVIEW before

starting to create a VI for analysis. You can access the examples from NI Example
Finder (Help>> Find Examples… ). You can search the examples with keyword(s)
in NI Example Finder. It also allows you to visit ni.com for more examples.

We also recommend that if possible you should choose Express VIs for analysis.
An Express VI is a VI, which can be configured interactively through a dialog box.
Express VIs are user friendly. You can easily configure your analysis parameters. To
access to the dialog box, double-click to corresponding Express VI.

For analysis, you will frequently use Mathematics palette and Signal
Processing palette (Figure 2).

Statistics and Histogram Express VIs are located in Probability & Statistics
subpalette of Mathematics palette (Figure 3).

In the following example, VI simulates a DC signal with noise (Figure 4). VI also
generates a histogram and result of basic statistical analysis.
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Mathematics palette also contains Fitting subpalette (Figure 5). This palette
contains the following fitting VIs.

• Linear Fit VI

• Exponential Fit VI

• Power Fit VI

• Gaussian Peak Fit VI

• Logarithm Fit VI

Figure 2.
Mathematics palette and signal processing palette.
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• General Polynomial VI

• General Linear Fit VI

• Cubic Spline Fit VI

• Nonlinear Curve Fit VI

Figure 3.
Probability & Statistics palette.

Figure 4.
Statistics and histogram express VIs in a VI.
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You can use curve fitting for several reasons. For example, to reduce noise, to
find mathematical relationships among variables, to estimate the variable value
between data samples or out of data sample range.

The following simple VI plots data and Exponential fit (Figure 6). You can use
the other fitting VIs with the same manner.

You can use the Signal Processing VIs for spectrum analysis, signal generation,
digital filtering, and data windowing (Figure 7). It is located in Functions palette.

In Signal Processing palette, Waveform Measurements palette contains Tone
Measurements and Spectral Measurements Express VIs (Figure 8).

The following example in Figure 9, Tone Measurements Express VI finds
amplitude, frequency and phase of a signal which is generated by Simulate Signal
Express VI. In this example, Spectral Measurements Express VI generates the
power spectrum of the signal.

Figure 5.
Fitting VIs.

Figure 6.
Exponential fit.
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Figure 7.
Signal processing palette.

Figure 8.
Waveform measurements palette.
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3. Present with LabVIEW

3.1 Visualize your data

LabVIEW includes tools for charting and graphing, 2D and 3D visualization
(Figure 10) [2].

LabVIEW has two ways to display data in 2D. These are Chart and Graph
(Figure 11).

A Waveform Chart remembers and displays a certain number of points by
storing them in a buffer. Waveform Chart displays received data in addition to
already existing data.

A Waveform Graph accepts arrays of data in various forms, e.g. array, wave-
form, or dynamic data. It plots all the received points at once.

You can visualize more than one data source on a chart or graph. In the following
example DAQ Assistant take data from two channels. You can see data from all
channels on a chart as shown in Figure 12.

A multi-plot chart can be displayed as overlaid plot or stacked plot (Figure 13).
To select Stack Plots orOverlay Plots right-click on the chart.Overlay Plotsmode
overlays all plots on the same y-axis. Stack Plots mode gives the each plot its own
y-axis.

To plot y values in a chart/graph you should wire only the y array data (y values)
to the Waveform Chart or Waveform Graph. LabVIEW assumes that you sample y
values at regular intervals, and thus creates x values at regular intervals. If you want

Figure 9.
Tone measurements and spectral measurements express VIs.
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to specify x and y values for a plot, you can use XY Graph. In the following
example we plot multiple circles in a XY Graph (Figure 14).

If you want to display both analog and digital signals together in a graph, use a
Mixed Signal Graph located in the Graph palette. A Mixed Signal Graph is made by
bundling multiple graphable data types. You can add plot area from the pop-up menu
of an existing plot area by selecting Add Plot Area. You can also remove a plot area
by selecting Remove Plot Area. In the following example, you can see both analog
and digital signals together in a Mixed Signal Graph with two plot area (Figure 15).

LabVIEW allows you to use 3D graphs to plot data in three dimensions. 3D
graphs are located in Controls> > Modern> > Graph> > 3D Graph. LabVIEW
allows you eleven types of 3D graphs: The Scatter, Bar, Pie, Stem, Ribbon, Contour,
Quiver, Comet, Surface, Mesh, and Waterfall graphs. You can see some of them in
Figure 16. However, to study with 3D graphs you must have learned basics of
vector and matrix.

Plot Helper.vi is automatically created in the block diagram when you drop any
of the 3D graph. Plot Helper.vi is a polymorphic VI and thus it can accept Matrix or
Vector inputs according to your selection (Figure 17).

You can find the two examples of 3D graphs, below.
In the following example we created a cylinder combining 5 circles whose z axis

points are different from each other. Note that i (iteration number) generates z
matrix (Figure 18).

The following VI generates a sphere and visualizes it in 3D Parametric Graph
(Figure 19). Here radius of sphere is 5 and sphere is generated by 20 circles. A
sphere is a collection of circles. You can see from XY Graph that each circles are
individual size.

3.2 Publishing information to the web

LabVIEW can publish any application to the Web with Remote Panels. There-
fore, you can easily make your VI reachable as a Web page. Thus, clients can control

Figure 10.
2D and 3D visualization palettes.
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Figure 11.
Chart and graph.

Figure 12.
Visualization of data acquired from 2 channels of a daqcard.
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the VI or view generated data by using their web browsers. Clients must use a
version of the LabVIEW Run-Time Engine compatible with the version of
LabVIEW. NI recommends that customers use the supported browser (Internet
Explorer). Google Chrome version 42 and later, Mozilla Firefox 52 and later, Safari
12.1 in macOS Mojave 10.14, and Microsoft Edge are not supported browsers.
Before view and control a front panel remotely, the Web Server must be enabled on

Figure 13.
Overlay plots (left) and stack plots (right) modes.

Figure 14.
Multiple plots in a XY graph.
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the server computer where the VI or application wanted to view and control is
located. Follow the steps below to learn how you can do it.

1.Create a VI. We created a VI named Remote Panel Example.vi (Figure 20).

2.Open block diagram and click to Tools»Options»Web Server

3.Under the Remote Panel Server section, check Enable Remote Panel Server
(Figure 21).

Figure 15.
Mixed signal graph with three plots.
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4.Under the Visible VIs section, enter the name of the VI (Remote Panel
Example.vi) in the Visible VI field and press the Add button (Figure 22).

5.Under the Browse Access section, enter the network name of the computer
and press the Add button. Allow viewing and controlling option must be
selected (Figure 22).

6.Click OK and exit out of the Options dialog box.

7.Navigate to Tools»Web Publishing Tool to open the Web Publishing Tool
dialog box.

8.Under Select VI and Viewing Options section, select the VI. After selecting
appropriate Viewing Mode click Next (Figure 23).

9.Fill Document title, Header and Footer sections and click Next (Figure 24).

10.Under the Save the New Web Page section, select where to save the
HTML file and choose the file name and press Save to Disk button
(Figure 25).

Figure 16.
3D graph examples.

Figure 17.
Plot helper.Vi.
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11.Click Connect button in Document URL window (Figure 26). Ensure that
default browser is Internet Explorer. If not, copy URL address and paste it to
Internet Explorer.

You will see the following Internet Explorer page (Figure 27). In this page,
clients must click Run button to control the VI from their computer.

3.3 Report generation

LabVIEW includes Report Generation toolkit to present your data in a
Microsoft Office Word and/or Excel file. To use LabVIEW Report Generation
Toolkit, it must be installed. Then corresponding functions will be located in
Functions> > Report Generation palette (Figure 28).

3.3.1 Microsoft office word and excel reports

Report Generation palette contains many functions. Therefore, it is not easy to
understand their properties. We recommend that you examine first the report
generation example VIs in LabVIEW (Help>> Find Examples>> Search). You
can modify them according to your purpose. These VIs generally generate reports
based on templates. Using a template, allows you to generate standard reports for

Figure 18.
Creating a cylinder in 3D counter.
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each execution of a VI. In the following example we generate a report for Microsoft
Office Word (Figure 29). The example draws a circle and paste the circle to a Ms.
Office Word document (Figure 30). You can determine color, size, graph type,
marker style etc. by using the functions in Word Specific palette (Figure 31).
Similarly, you can use Excel Specific palette to generate programmatically an Excel
report (Figure 31).

When you execute the VI you see the following picture in an automatically
created Word document.

3.3.2 HTML report

LabVIEW has the ability to programmatically create html reports. Html files can
be read by web browsers. We highly recommend you to present your data as a html

Figure 20.
Remote panel example.Vi.

Figure 19.
Drawing a sphere.
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file. Because reading an html file is not effected by version of web browsers. On the
contrary, current version of Microsoft Office Word or Excel in your computer may
not be compatible with LabVIEW Report Generation toolkit you installed.

The following VI generates an html report (Figure 32). Here, Random Number
function generates Y array. X Array is generated by absolute time values.

When you execute the VI above the following report will be generated
(Figure 33).

Report Generation toolkit also contains Report Express VI and MS Office
Report Express VI (Figure 34). These Express VIs allow you to present data in
form of html, MS Office Word or Excel.

Figure 21.
Options»web server.

Figure 22.
Visible VIs and browser access list.
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In the following example, we use Report Express VI to present data in html
format (Figures 35 and 36). You can also send data to printer or present data in MS
Office Word or Excel format with the same VI. To do this double click Report
Express VI and select the corresponding line from Destination tab in
Configuration Report window.

When you execute the VI above you will see the following report.

Figure 23.
Select VI and Viewing options.

Figure 24.
Document title, header and footer.
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3.4 Save data

You can create folder, file or path, write and read data by using the File I/O VIs
and functions (Figure 37). LabVIEW allows you to save data with different data
formats.

Write Delimited Spreadsheet.vi converts a 2D or 1D array to a text string and
writes the string to a new byte stream file or appends the string to an existing file.
Both 2D and 1D arrays can be strings, signed integers, or double-precision numbers.

You should put Write Delimited Spreadsheet.vi out of the loop (Figure 38).
Putting the VI inside the loop is not the good way of using it. Because LabVIEW at
every iteration would open-write-close the file if it is inside the loop. This is not
good in terms of VI efficiency.

You can also write date/time information for each data point. In the following
example (Figure 39), data consist of time and random number.

Read Delimited Spreadsheet.vi reads a specified number of lines or rows from a
numeric text file beginning at a specified character offset and converts the data to a
2D, double-precision array of numbers, strings, or integers. In the following

Figure 25.
Save the new web page.

Figure 26.
Document URL window.
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example VI writes and reads data by using Write Delimited Spreadsheet.vi and
Read Delimited Spreadsheet.vi (Figure 40). Note that we formatted time and
random number by using Format Into String.

Another way to write and read data is to use Write To Measurement File and
Read From Measurement File (Figure 41). It can only accept numeric or wave-
form data although Write To Spreadsheet File can accept array of strings, signed
integers, or double-precision numbers. We recommend that you use Write To
Measurement File to write data on disk. Because this Express VI allows you to save
data as text (LVM), binary (TDMS), binary with XML header (TDM) and
Microsoft Excel (.xlsx) formats.

Write To Measurement File is an Express VI. When you double-click to the
Express VI Configure Write To Measurement File window opens (Figure 42).
Here, you can configure writing.

As you see in Figure 42 ConfigureWrite To Measurement Filewindow allows
you to change settings. It may be difficult to understand how you can configure this
Express VI for the first time. To understand the function of each setting, we suggest
that you individually experience with each setting.

In the following example we add time values (x) to the signal (random numbers,
y) by using Write To Measurement File (Figure 43). Time data must be
connected to Comment terminal of Write To Measurement File.

You can also save string data using Write to Text File. In the following exam-
ple, VI saves date with time information (Figure 44).

Figure 27.
Viewing and controlling front panels remotely with internet explorer.
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Similar to examples above you can write and read data by using Write Binary
File and Read Binary File (Figure 45). Binary files use less data storage. Therefore,
it is useful when you have large data. However, Write To Measurement File save
data as binary format, too. You may not need to use Write Binary File and Read
Binary File.

Figure 28.
Report generation palette.

Figure 29.
Word report example VI.
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data as binary format, too. You may not need to use Write Binary File and Read
Binary File.

Figure 28.
Report generation palette.
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Word report example VI.

23

Analyzing and Presenting Data with LabVIEW
DOI: http://dx.doi.org/10.5772/intechopen.96130



You can write and read waveform data by using the function of Waveform File
I/O in File I/O (Figure 46).

The following VI generates two waveform sinus signals and write-read them
(Figure 47).

NI has created a technical data management (TDM) solution. TDM Streaming
is located in File I/O palette (Figure 48).

NI recommends costumers to use TDMS file format because it combines the
advantages of several data storage options in one file format (Table 1). You can also
work with TDM and TDMS files in Excel by utilizing the free TDM Excel Add-in for
Microsoft Excel (supported Excel version: from 2007 to Excel 2016). You can take
additional information from the following link [3].

Figure 30.
Circle created by the VI.

Figure 31.
Word specific and excel specific palettes located in report generation palette.
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https://www.ni.com/en-tr/support/documentation/supplemental/06/the-ni-td
ms-file-format.html.

3.5 Interactively manage data

3.5.1 National instruments DIAdem

DIAdem is a software to manage large amounts of data for measurement data
aggregation, inspection, analysis, and reporting (Figure 49). With DIAdem,
extraction of information from data can be efficiently performed. DIAdem is well
adapted to LabVIEW. You can transfer your data from your LabVIEW application
to DIAdem. With DIAdem, DataPlugins can be used to read, inspect and search
different kinds of custom file formats. NI supplies free downloadable DataPlugins
for hundreds of the most commonly used data file formats.

Figure 32.
VI generating an html report.
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Figure 33.
The html report generated by functions in report generation toolkit.

Figure 34.
Report express VI (left) and MS Office report express VI (right).
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Figure 35.
Report express VI and Configuration report window.
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Figure 35.
Report express VI and Configuration report window.
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Figure 36.
The html report generated by report express VI.
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3.5.2 LabVIEW and OriginPro

National Instruments engineers have created various NI LabVIEW add-ons
which contain many functions and subVIs to meet the required functionality.

Figure 37.
File I/O palette.

Figure 38.
VI can save data after loop is stopped.
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Besides the add-ons developed by NI engineers, add-ons have been developed for
some other applications such as Origin. Origin or OriginPro is a powerful data
analysis and graphics software preferred by scientists and engineers in industry,
academia and research laboratories around the world [4]. Once the data collected by
LabVIEW, the end-user will need to analyze the data and generate reports for
presentation. Origin provides powerful analysis and graphing tools to reanalyze and
present data. The ability to communicate easily between LabVIEW and Origin is a
good platform that can greatly increase its efficiency in terms of data analysis and
presentation [5]. There are studies in the literature using Origin and LabVIEW for

Figure 39.
Write delimited spreadsheet.Vi and resulted txt file.

Figure 40.
Write and read data by using write delimited spreadsheet.Vi and Read delimited spreadsheet.Vi.
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this purpose [6]. Origin provides subVIs to make work in LabVIEW environment.
These subVIs allow to data transfer from LabVIEW to Origin and the data to be
analyzed and presented in the Origin environment. This subVIs can be accessed
from the folder where OriginPro is installed (Samples\COM Server and Client
\LabVIEW). Also, in order to quickly access these subVIs in the LabVIEW environ-
ment, the subVIs can be copied from the installed folder and then pasted into a
folder named OriginPro in vi.lip\addons folder where LabVIEW is located [7].
OriginPro library can be accessed from the menu opened by right-clicking on add-
ons in the Block Diagram window in LabVIEW as shown in Figure 50.

After adding the subVIs provided by OriginPro to LabVIEW, you can see subVIs
as shown in Figure 51. There are four sections under Origin function palette.
These are

Figure 41.
Write to measurement file and read from measurement file.

Figure 42.
Configure write to measurement file.
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Write to measurement file and read from measurement file.
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Figure 43.
Write to measurement file with time information.

Figure 44.
Write to text file and resulted txt file.
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• OriginApp: Basic VIs that handles the Origin OPJ files, worksheet and columns,

• OriginAppClassics: Older VIs existed before Origin 8 (deprecated),

• OriginWave: VIs that handles Origin matrix objects,

• OriginMatrix: VIs that handles LabVIEW Waveform data.

Figure 45.
Write to binary file and read from binary file.

Figure 46.
Waveform file I/O.
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Figure 47.
Write-read waveforms.

Figure 48.
TDM streaming.

ASCII Binary XML Database TDMS

Exchangeable √ √ √

Small Disk Footprint √ √

Searchable √ √

Inherent Attributes √ √

High-Speed Streaming √ √

NI Platform Supported √ √ √ √ √

Table 1.
Advantages of TDMS file format.
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In the following example, the measured temperature values are transferred and
plotted in OriginPro. In this example, first, add OA_ConnectToOrigin.vi to the
Block diagram so that LabVIEW can connect to OriginPro. Once the link between
LabVIEW and OriginPro is established, add OA_NewWorksheet.vi to the
Block diagram to open a new worksheet in OriginPro. This also creates the
name and details of the worksheet to use the entries of VI. After that, you use
OA_GetColumn.vi to select a column. Then, you send the information of this
column via OA_Col-Setting.vi. You will have to pay attention to two important
points while filling in the entries of this VI. The first is the Data Format. This is the
part where you need to write the format of the data. The second is the column type.
Here we can determine the axis of the column to use in the chart. You can specify an
axis such as X, Y, or Z, as in the example shown in Figure 52. After this process is
completed, you will be able to transfer your data to the worksheet by using
OA_Col-SetData.vi. You can use the Read Delimited Spreadsheet.vi in the File
I/O menu to send the data to worksheet created in the Origin environment as in the
example shown in Figure 52. You should pay attention for the correct format of the
data. In addition, if you are working with data consisting of a single data created in

Figure 49.
DIAdem.

Figure 50.
LabVIEW library of OriginPro.
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certain periods of time such as the data used in this example, and if you are going to
plot these data versus time, you will need to use OA_Col-SetEvenSampling.vi.
Finally, VI in Figure 52 plots the temperature data at 0.5 ms intervals as shown in
Figure 53 by using OA_NEWEmptGraf.vi and OA_PlotWksCols.vi.

Figure 51.
Palette section.

Figure 52.
Sending data from LabVIEW to OriginPro.

Figure 53.
The output of the OriginPro.
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Similarly, another example is to use the template you created in the OriginPro. For
this, you must first create a template in the OriginPro. Save this template in Docu-
ments\OriginLab\2015\User Files folder in your computer. In this case, it will be easy
for you to access this template from LabVIEW. For an example application, a template
has been prepared in OriginPro as in Figure 54. Now addOA_ConnectToOrigin.vi to
the Block Diagram for the connection between Labview and OriginPro.
OA_AddOriginPath.vi creates the file path. Then, use OA_Load.vi to upload file.
OA_FindWorksheet.vi is to select worksheet. After this step is completed, since you
defined Voltage for the X axis and Current for the Y axis in the template, you need to
send your data to OriginPro accordingly. For this, you can useOA_GetColumn.vi to
select column. You can send your data to these columns with the help ofOA_Col-
SetData.vi. These steps are given in Figure 55. Here, the data you previously saved in
the LabVIEW environment is opened again and drawn in OriginPro [8].

4. Conclusion

The scientist and engineers frequently need to measure physical changes, ana-
lyze them, and present data from the measurement. LabVIEW includes hundreds of

Figure 54.
Origin template.

Figure 55.
Utilization of origin templates in LabVIEW.
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built-in and add-ons functions for analysis and presentation of data. If you do not
know LabVIEW well, you should check the examples in LabVIEW and ni.com. This
is the easiest way to learn how you can analyze and present your data.

LabVIEW has effective 2D (Charts and Graphs) and 3D visualization tools for
data presentation. Graphs accept only array data. It plots all the received points at
once. Charts attach received data to already existing points. When an array of
points is wired to a chart or graph, LabVIEW assumes the points are equally spaced
out. If you also want to define X axis values, you should use XY Graph.

LabVIEW allows you to present your data html, Microsoft Office Word or Excel.
LabVIEW also allows you to publish any application to the Web with Remote
Panels. Therefore, your VIs can be reachable as a Web page. You can control a
remote device from your home. It is interesting, right?

Generally, you want to save and read your data. There are different ways to do it
in LabVIEW. We recommend you to use Write To Measurement File and Read
From Measurement File. These supports data as text (LVM), binary (TDMS),
binary with XML header (TDM) and Microsoft Excel (.xlsx) formats.

DIAdem software is a NI product to manage data for measurement data aggre-
gation, inspection, analysis, and reporting. Interestingly, DIAdem can use more
than one thousand data file formats by utilizing DataPlugins.

More than 500,000 clients in the world use OriginPro to import, graph, explore,
analyze interpret their data. If you are a user of OriginPro software, you can
integrate it with LabVIEW. When you install Origin add-ons for LabVIEW you can
easily communicate with OriginPro.

Thanks

We thank to Serdar Bölükbaşıoğlu, manager of Ludre Software company, for
his contribution.
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TeraVision: A LabVIEW 
Software for THz Hyper-Raman 
Spectroscopy
Rohit Kumar, Qiucheng Yu, Domenico Paparo  
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Abstract

Terahertz Time-Domain Spectroscopy (TDS) has emerged during the last two 
decades as a very popular technique for characterizing the low-energy excitations 
of several materials, gaseous, liquids and solids, as well as artificial materials as for 
instance epitaxial heterostructures and more. In recent years, the advances in THz 
technology allowed obtaining nonlinear optical effects with THz photons, showing 
remarkable results. In particular, THz Hyper-Raman Spectroscopy greatly expands the 
spectroscopic capability of the standard THz-TDS by combining intense and broad-
band THz pulses with a detailed analysis of the spectral content of the generated sig-
nal. It is evident that this improvement needs an adequate software support. The main 
parameter for coding the software which differs with respect to a standard THz-TDS 
software is the control of a motorized grating (monochromator), but several routines 
employed in the setup optimization stage rather than the actual measurement are 
needed as well. In this paper we present the TeraVision software, based on LabVIEW 
code, in order to highlight the solutions we adopted to tackle the main experimental 
challenges as well as to give a pleasant and user-friendly experience to expert users.

Keywords: nonlinear spectroscopy , THz time, domain spectroscopy, THz hyper, 
Raman spectroscopy , optics, pump&probe

1. Introduction

1.1 Brief introduction on terahertz radiation

Terahertz (THz) is a multiple of the unit of frequency in the International 
System, equal to 1012 Hz. In the present context we use it for representing the fre-
quency of electromagnetic waves in the range of 0.1 to 30 THz (wavelength 10 μm 
to 3000 μm), which confines with microwaves and infrared (IR) light. The THz 
radiation lies on a transition region from macroscopic classical theory to micro-
scopic quantum theory and from classical electronics to photonics. Sometimes, 
especially in the past, people refer to this region with the expression “Terahertz 
gap”. The reason for this is that both the generation and detection of THz electro-
magnetic waves is quite challenging compared to well-established techniques in the 
microwaves and infrared regions, so that this important part of the electromagnetic 
spectrum was inaccessible until very recent years. Since the first artificial THz wave 
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was produced and detected by means of ultrashort laser pulses in the early 90’s, a 
strong research effort began with the aim to improve our ability to produce, control, 
manipulate and detect this kind of waves [1], so that now, 30 years later, the expres-
sion “THz gap” is not so often employed anymore.

The importance of THz spectroscopy in fundamental science is obvious because 
many important low-energy excitations are present within this range in practically 
all kind of materials: emerging materials [2], semiconductors [3], ferroelectrics [4], 
superconductors [5], polymers [6], photonic crystals [7], liquids [8–10], gases [11] 
and biological systems [12]. Moreover, THz technology has a high impact in many 
different areas too. We shall not cite them all here, but as an example the application 
of THz sensing and imaging to biomedical and biological studies and laboratory 
practices will revolutionize, in our opinion, these fields in a close future [13]. One of 
the great advantages in this case, is the very low photon energy, which is much safer 
than X-rays for living tissues imaging [14].

The unique performance of THz has far-reaching implications in areas such 
as communications [15], radar [16], astronomy [17], safety inspection (airports) 
[18], etc. Terahertz is a new source of radiation with many unique advantages: as 
an example, it is possible to combine spatial and temporal resolution (a typical THz 
pulse has a time duration of about 1 ps and a wavelength of about 100 μm) in order 
to perform not only imaging but also time-resolved measurements on an ultrafast 
ps time-scale. As a result, THz research has a great value to national economy and 
national security [19].

1.2 THz Spectroscopy

For many years, IR and Raman spectroscopies have been used to investigate the 
properties of molecular vibrations and rotations. THz Spectroscopy can comple-
ment those two techniques, for mainly two reasons: from the one hand, it can access 
higher wavelengths compared to IR and Raman, and from the other hand it can 
access the complex transmission or reflection coefficients rather than their real 
squared value (power spectrum), as will be shown in the following [20].

Figure 1 shows the position of the THz range in the electromagnetic spectrum. 
At present, there is no generally accepted definition of the upper and lower limits 
of THz radiation frequency. The high frequency of THz spectrum overlaps with 
the far IR spectrum, and the low frequency overlaps with the microwave frequency 
band. Most of the authors set the limits of this range to 0.1–3 THz, because this is 
the emission region of the most commonly used sources (photoconductive anten-
nas and optical rectification), but here we prefer to extend this range up to 30 THz, 
because this is the upper limit of our source based on air-plasma, which will be 
described in the following, and this emission scheme is essential to achieve the THz 
Hyper-Raman effect, as it will be shown later.

Figure 1. 
The terahertz region in the electro-magnetic spectrum.
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A major reason for the rapid development of terahertz spectroscopy is the 
progress of ultrafast lasers (femtosecond pulses) by means of the Chirped Pulse 
Amplification technique, which was introduced by Donna Strickland and Gérard 
Mourou at the University of Rochester in the mid-80’s for which they received the 
Nobel Prize in Physics in 2018 [21]. These ultrashort laser sources gave birth to 
several new generations of spectrometers in the early 90’s, including THz. The THz 
spectrometer is capable of generating and detecting pulses of coherent THz radia-
tion, but most importantly it is able to detect both amplitude and phase of the THz 
wave, and thus it allows retrieving the full complex dielectric function of the target 
material without resorting to Kramers-Kronig relationships, as it happens in stan-
dard IR spectroscopy. Moreover, some recent advances in both the fs laser sources 
and the THz emission efficiency and detection sensitivity, allowed the researchers 
to make use of intense THz pulses to control the material relevant parameters [22], 
rather than being limited to measure its spectrum.

1.3 THz time domain spectroscopy

THz Time Domain Spectroscopy (THz-TDS) is the most widespread technology 
among general THz spectroscopies. We give here a brief description of it, although 
it is not the main topic of this Chapter, for two different reasons. First, the 
TeraVision software is able to control standard THz-TDS measurements besides the 
THYR Spectroscopy, and, second, THz-TDS is a good way for inexperienced readers 
to approach the topic of THz Spectroscopy in general. The name of this technique is 
quite straightforward as the spectroscopic information is not retrieved directly in 
the frequency domain, but in the time domain, and then converted by simple 
Fourier Transform. The THz pulse can be generated in several ways. The most 
commonly employed generation mechanisms are photoconductive antennas [23], 
optical rectification [24] and air-plasma four waves mixing [25]. The first method 
creates a strong and short burst of current in between two electrodes with applied 
bias voltage when a population of free charges is suddenly created by a fs-laser 
optical pulse in a semiconductor slab. The second method converts the fs-pulse 
bandwidth into THz by nonlinear optical difference frequency conversion (ω ω− , 
often called “optical rectification”, this expression more properly refers to static 
electric fields generated by light) by means of opportune nonlinear crystals (ZnTe, 
GaSe, GaP and many others have been proved to work best on different spectral 
ranges). The key point here is that due to the very large bandwidth of fs-pulses the 
difference between all possible frequencies (ω ω− ) does not always vanish, but it 
rather creates a low-energy band whose extension depends on the laser pulse 
bandwidth as well as the dielectric properties of the nonlinear crystal. The third 
method is based on laser ionization of air molecules, converted by strong laser 
intensity into plasma, which is a highly non-linear medium. The contextual pres-
ence of fundamental and double frequency photons (created by a suitable nonlinear 
crystal Beta Barium Borate β-BBO, placed few centimeters in front of the plasma) 
generates many four-waves mixing frequencies: some of them are falling into the 
visible domain, as possible to observe in Figure 2 on the mirror surface, and should 
be filtered out by a high resistivity thick silicon wafer, but one particular linear 
combination of those frequencies ( ω ω ω− −2 ) is capable of producing the THz 
radiation. Also, here as in previous point, the subtraction of two photons at funda-
mental laser frequency from one photon at double frequency, is not a static field 
(ω = 0 ) because of the large bandwidth of the fs-laser pulses. This is the generation 
scheme which is necessary for THYR Spectroscopy [26].

For detection, it is possible to use any of the above mentioned techniques, but 
reversed. In all cases, the detection works as follows: the THz pulse is sent to the 
sample and it gets reflected or transmitted. Then, it is sent to a detector which will 
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change its electric or optical behavior according to the THz excitation, and namely 
to the value (and sign) of the THz electric field at a specific time. As an example, 
the THz pulse will change the microcurrent which flows in between two electrodes 
on a semiconductor substrate (photoconductive antennas) but this current will 
exist only when a second fs-laser optical pulse hits the semiconductor to create free 
carriers. Given the much shorter duration of the fs pulse as compared to the THz 
one, the microcurrent will be proportional not to the integrated THz pulse energy, 
but rather to the value of the THz electric field in time, where the time is given by the 
delay between the THz and the probing optical pulse. In a similar fashion, one can 
exploit the transient birefringence of certain nonlinear crystals in order to change the 
polarization state of the probing optical pulse. Again this transient change depends 
on the time delay between THz and optical pulses and therefore it gives a time-scan 
of the temporal profile of the THz pulse (so-called “electro-optic sampling”). Finally, 
the symmetry breaking induced by the THz electric field in a centro-symmetric 
medium (usually air) will produce a nonlinear effect when coupled with a strong 
optical pulse, such as for instance optical Second Harmonic Generation (SHG), and 
again its intensity will be proportional to the amplitude of the THz electric field 
responsible for the symmetry breaking (this is the so-called Air Biased Coherent 
Detection - ABCD).

THz-TDS has the following characteristics:

1. THz-TDS technology can be used for qualitative identification [27], because it 
can effectively detect the physical and chemical information of materials in the 
THz band. And it is also a non-destructive detection method.

Figure 2. 
Plasma filament for THz generation.
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2. The amplitude and phase information of various materials such as dielectrics 
[28], semiconductors [3], gas molecules [11], biological systems [12, 29]  
(proteins, DNA, etc.) and superconductors [5, 30] can be obtained conve-
niently and quickly by using THz-TDS technology.

3. In conductive materials, THz radiation can directly access the carrier dynamics. 
THz-TDS can effectively be used as a non-contact and ultrafast multimeter for 
conductivity measurements.

4. Due to the transient nature of THz radiation, THz-TDS techniques can be 
used to measure relaxation-times and the low-energy excitations dynamics in 
general, with very good resolution [31].

Besides, THz-TDS technology also has the advantages of wide bandwidth, high 
detection sensitivity and stable operation at room temperature.

Despite a huge amount of developments in the last 20 years, THz-TDS still 
needs some improvements on the spectral resolution and spectral range. In the near 
future, THz-TDS technology will be a powerful tool for uncovering and analyzing 
ultrafast phenomena in basic sciences such as physics, chemistry, and biology. At 
the same time, with the reduction of laser cost, the emergence of more efficient THz 
emitters and detectors, and more compact and advanced optical design, THz-TDS 
technology will have a broad commercial application prospect [32].

1.4 THz Hyper-Raman time domain spectroscopy

The standard THz-TDS technique has already proved to be very effective. 
Nonetheless, it is important to highlight that, despite the use of nonlinear optics to 
generate and reveal THz radiation, this is a linear spectroscopic technique, i.e. it 
probes the linear dielectric function of the target material. Sometimes, it could be 
not so easy to access the target observables, such as the low-frequency excitations 
(phonons, magnons, excitons, etc.). For example, a large absorption can obscure a 
significant part of the spectral range, the index of refraction and/or the dielectric 
function could be difficult to interpret if the target materials have a complicated 
structure, the background from the bulk can overcome the weaker superficial 
contribution, which is perhaps the real target of the experiment, and finally some 
low-energy excitations are simply out-of-reach because of symmetry, i.e. they just 
do not show up in the linear parameters due to selection rules. Accessing the 
nonlinear optical parameters can in principle remove most of these hurdles. With 
this aim in mind, a new spectroscopic technique has been developed by our group a 
couple of years ago. Through the application of this new technology, femtosecond 
laser pulses and intense sub-picosecond broadband THz pulses produce THz-
optical four-wave mixing in the material. The spectrum of the resulting signal is 
decomposed both in wavelengths and time and it appears as two distinct frequency 
side bands around the optical SHG central frequency Lω2 , where Lω  is the optical 
central frequency of the fundamental fs-pulse. This effect resembles the well-
known Hyper-Raman (HYR) effect, and therefore it has been named THz Hyper-
Raman - THYR.

In standard all-visible HYR, the coupling between optical frequencies happens 
through a high-order nonlinear susceptibility tensor. The model at the base of the 
THYR effect, instead, is a regular four-wave mixing effect, in which one of the 
optical photons is replaced by a THz photon. The mathematical formalism is 
therefore that of a nonlinear Raman effect, but because of the very small THz 
photon energy, the sidebands are appearing very close to the SHG central frequency 
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instead of the fundamental central frequency, resembling what happens in HYR. 
Taking the same nomenclature routinely used for Raman and HYR effects, we 
define “Stokes” and “anti-Stokes” bands, developing around the SHG fre-
quency Lω2 : s a L Tω ω ω=; 2   (where Tω is the THz central frequency. For all details 
about THYR theory and applications we invite the reader to the following publica-
tions: [33, 34]). The energy diagram of the effect is shown for Stokes (left) and 
anti-Stokes (right) bands in Figure 3. From an experimental point of view, the 
signal has to be measured in both frequency and time domain, so that the software 
TeraVision which has been developed in order to drive the experiment and record 
the data must be more sophisticated than the regular kind of software used for 
THz-TDS. Moreover, we intended to create a software capable of performing several 
different kinds of measurements, thought to be independent from the THYR 
spectrometry, and/or used as ancillary measurements in THYR spectrometry as 
well. In addition to this, we inserted some features in order to simplify the signal 
detection and optimization, which could be of use more generally for whoever 
needs to perform any kind of optical Pump/Probe experimental scheme.

2. Experimental set-up

The experimental setup which was built in order to perform THYR experiments 
is shown in Figure 4. The femtosecond laser is a Ti:Sa mode-locked seed laser, 
amplified by a regenerative cavity. The fs-laser pulse, after passing through the 
beam splitter, is divided into a Pump (transmitted) pulse and a Probe pulse (about 
10% of total power). The Pump is chopped by a mechanical chopper locked to half 
of the laser trigger frequency in order to block every second pulse. The pulse train 
chopping is very important because it allows measuring the difference between 
THz-ON and THz-OFF signals, as it will be further explained in the following. The 
pulse is then sent on a nonlinear optical crystal (Beta Barium Borate, β-BBO) where 
about 20% of the optical power is converted in SHG and then both fundamental and 
doubled pulses are focused in air by an achromatic doublet. In the plasma filament, 
usually about 1 cm long, the generated plasma is producing THz pulses via four-
waves mixing processes in which the maximum THz amplitude depends on relative 
phase between the fundamental and second harmonic light [35]. The Probe is sent 
to a delay stage in order to introduce a controllable delay between Pump and Probe 
pulses and then it is incident on the detection crystal (usually ZnTe, GaSe or GaP, or 
just air for ABCD technique) together with the THz pulse in a collinear geometry, 
through a hole in the last parabolic mirror. In the detection crystal the polarization 

Figure 3. 
Level diagram of THYR effect. Labels are: 1) L = laser 2) T = terahertz 3) S = stokes 4) a = anti-stokes.
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state of the optical pulse is altered by the presence of a transient birefringence 
created by the THz electric field, and this change can be detected by separating two 
orthogonal polarizations of the pulse with a Wollaston Prism and measuring their 
signal difference in a balanced photodiode. As the delay between the two pulses is 
adjusted, the amplitude of the THz pulse can be sampled in time, and the full THz 
waveform can be reconstructed. In a standard THz-TDS experiment, the sample 
will be placed in the first focus (f1) of the parabolic mirror and the detection crystal 
is placed in the second focus (f2), as we can see from Figure 1, to measure the THz 
waveform transmitted through the sample. The complex transmission coefficient is 
then obtained by measuring the signal without the sample in place, as an estimate 
of the incoming electromagnetic wave, and finally the complex ratio between the 
Fourier Transforms of those two measurements will deliver the complex transmis-
sion coefficient spectrum. In reflection geometry, the problem is more complicated 
by the difficulty to place sample and reference mirror with sufficient accuracy. We 
are not going to tackle the problem of THz reflectivity measurements here, and we 
refer to this publication and the references therein [36]. In the THYR experiment, 
the first focus (f1) is left empty, the detection crystal is removed, the sample is 
place in the second focus (f2) and the whole detection line after sample is replaced 
(by means of flippable mirrors) with the setup shown in the inset of Figure 4. The 
signal produced in the sample by the interaction between THz and optical pulses is 
filtered in order to remove the 800 nm light, then it is sent to a monochromator for 
spectral analysis and finally to a photon multiplier tube (PMT) for detection. The 
PMT is needed because of the very small amount of photons which are created by 
THYR effect, but its operation is usually in continuous mode rather than in photon 
counting mode. Anyway, if the signal from a given sample would be too small, it is 
straightforward to switch the detection to a photon counting regime, provided that 
the laser and setup stability is good enough to support a much longer data acquisi-
tion time. Finally, the ON and OFF trains of pulses are separated by the TeraVision 

Figure 4. 
Experimental setup of THz-TDS and THYR.
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instead of the fundamental central frequency, resembling what happens in HYR. 
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state of the optical pulse is altered by the presence of a transient birefringence 
created by the THz electric field, and this change can be detected by separating two 
orthogonal polarizations of the pulse with a Wollaston Prism and measuring their 
signal difference in a balanced photodiode. As the delay between the two pulses is 
adjusted, the amplitude of the THz pulse can be sampled in time, and the full THz 
waveform can be reconstructed. In a standard THz-TDS experiment, the sample 
will be placed in the first focus (f1) of the parabolic mirror and the detection crystal 
is placed in the second focus (f2), as we can see from Figure 1, to measure the THz 
waveform transmitted through the sample. The complex transmission coefficient is 
then obtained by measuring the signal without the sample in place, as an estimate 
of the incoming electromagnetic wave, and finally the complex ratio between the 
Fourier Transforms of those two measurements will deliver the complex transmis-
sion coefficient spectrum. In reflection geometry, the problem is more complicated 
by the difficulty to place sample and reference mirror with sufficient accuracy. We 
are not going to tackle the problem of THz reflectivity measurements here, and we 
refer to this publication and the references therein [36]. In the THYR experiment, 
the first focus (f1) is left empty, the detection crystal is removed, the sample is 
place in the second focus (f2) and the whole detection line after sample is replaced 
(by means of flippable mirrors) with the setup shown in the inset of Figure 4. The 
signal produced in the sample by the interaction between THz and optical pulses is 
filtered in order to remove the 800 nm light, then it is sent to a monochromator for 
spectral analysis and finally to a photon multiplier tube (PMT) for detection. The 
PMT is needed because of the very small amount of photons which are created by 
THYR effect, but its operation is usually in continuous mode rather than in photon 
counting mode. Anyway, if the signal from a given sample would be too small, it is 
straightforward to switch the detection to a photon counting regime, provided that 
the laser and setup stability is good enough to support a much longer data acquisi-
tion time. Finally, the ON and OFF trains of pulses are separated by the TeraVision 
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software and each of them is subtracted with the following one. As the time-
distance of two subsequent pulses is 1 ms, this differential measurement scheme 
will quench all noises below the 1 kHz cutoff frequency. Moreover, this procedure 
ensures that even in presence of a strong non-THz-related background signal (as for 
instance a static SHG signal, or 2-photons luminescence) the measured signal will 
not be too much affected.

Here and in the following, we will name the Pump pulse simply “THz pulse”, 
as it is responsible for THz generation, and the Probe pulse will be named “Gate 
pulse”, as it sets the time-gate at which the signal is sampled. This nomenclature is 
quite common in THz spectroscopy, and it is particularly important when perform-
ing a THz Pump/Probe measurement, because in that case the pulses will be three: 
an optical Pump pulse which is exciting the sample, the THz and the Gate pulses, 
which are both together acting as a Probe. Let us now briefly give some details about 
the main components of the setup.

2.1 Laser

The laser system used to run the spectrometer is a Coherent Legend regenera-
tive amplifier seeded by a Coherent Mantis fs-oscillator (800 nm central wave-
length, 20 fs FWHM pulse duration, 80 MHz repetition rate, 500 mW output 
power) and pumped by Coherent Evolution (527 nm central wavelength, ~ 10 ns 
pulse width, 1 kHz repetition rate, 20 W output power). The Legend delivers 
~4 W output power at 1 KHz repetition rate (~ 4 mJ energy per pulse) at 800 nm 
central wavelength (1.5 eV), ~ 80 nm bandwidth, and with about 35 fs FWHM 
time duration [37].

2.2 Signal detection

2.2.1 Monochromator

It is an optical device which disperses the light spectrum by means of a suitable 
optical grating (1800 groves/mm, in this case) and filters out all wavelengths except 
those passing through a slit at the output of the device. We use a monochromator 
from the Optometrics Group which is a Ebert-Fastie type with focal length (path 
length) of 74 mm, model number SDMC1–02 (Scanning Digital MiniChrom). The 
wavelength range of this monochromator is 200-800 nm. The wavelength range 
is suitable for all our measurements (THYR, THz-TDS and SHG). The reciprocal 
linear dispersion factor is 3 nm/mm. We can operate our monochromator manually 
using a knob for selection and a digital counter for wavelength readout. However, 
the device is routinely controlled via TeraVision software which drives a stepping 
motor controller (PCM-01) connected to PC by RS-232 serial port. The monochro-
mator is used only for SHG and THYR detection, in combination with a PMT. It is 
possible to use it also for THz-TDS detection in case of ABCD technique, but we will 
not discuss this method here.

2.2.2 Photomultiplier tube and balanced photodiode

A PMT is a device consisting of a photocathode, several dynodes and one anode, all 
placed in vacuum. Modern PMTs deliver low noise and low jitter detection over a wide 
dynamic range. We use a PMT by Hamamatsu (model number R928) having spectral 
response from 185 to 900 nm. The PMT is used only for SHG and THYR detection, 
and it can be used in combination with the monochromator for THz-TDS by means 
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of the ABCD technique. In case of standard electro-optic sampling (THz-TDS) we 
use a balanced amplified photodetector by Thorlabs (model number PDB210A) with 
broadband detection range (320-1060 nm). The detector has two distinct low-noise 
photodiodes, whose difference is strongly amplified by the device in order to achieve 
a low noise measurement of the differential signal. The main advantage of this device 
compared to performing the subtraction of independent photodiodes signals is that 
the amplification on the difference is affected by a much lower noise than the subtrac-
tion of already amplified separate signals.

2.3 Delay line

In our experiments we use a linear stage by Physik Instrumente (PI, M-5x1 
series) which are low profile, high-accuracy linear translation stages for laboratory 
applications. The stage is controlled by a DC-Motor controller (Mercury) and the PC 
communication is ensured through a standard RS-232 port. The minimal step size 
corresponds to a minimum incremental motion of 0.1 μm and 1 μm full travel accu-
racy. Therefore, since the optical path is double (forward-and-backward) than the 
physical path, we can achieve a minimal time delay of about 6 fs. As the optical pulse 
duration is about 35 fs, this Delay Line allow us to reach the full time-resolution 
possible for our setup.

2.4 Rotors

To control the input and output optical polarizations of light for THYR and 
THz-TDS experiments, we used mechanical rotors controlled by DC servo control-
lers. We use Thorlabs rotors (model PRM1/MZ8) which are small, compact, DC 
servo motorized 360° rotation stages. The user can measure the angular displace-
ment manually by using the Vernier dial and the marks that are marked on the 
rotating plate in 1° increments. In order to rotate the rotors precisely we are using 
DC servo controllers (model TDCOO1) or “T-cube DC”, controlled in turn by our 
TeraVision software. The software allows the user both to set the in-out angles as 
fixed parameters in any kind of measurement, or to measure the signal as a func-
tion of in-and/or-out angles by fixing all other parameters, in the “Rotors” Tab.

2.5 Data acquisition

The electrical signal is generated by the PMT or the balanced photodiodes and 
enters a Stanford Gated Integrator or Boxcar Averager (GI). Here, it is splitted in 
two signals (50%). One is sent to a Tektronix DPO 4054 oscilloscope for monitoring 
the signal and, more importantly, adjusting the synchronization with the electronic 
gate, while the second signal enters the GI for processing. In our lab we use SR250 GI 
that is a versatile, high speed, low cost module designed to recover fast input analog 
signals from noisy background. It consists of a gate generator, a fast gated integrator, 
and an exponential averaging circuitry. The gate generator can be triggered inter-
nally or externally, and it provides an adjustable delay from a few nanoseconds to 
100 ms before it generates a continuously adjustable gate with a width between 2 ns 
and 15 μs. The delay can be set by a front panel potentiometer. The fast gated integra-
tor integrates the input signal during the gating and the output signal is normalized 
by the gate width to provide a voltage which is proportional to the average of the 
input signal. This signal can be further amplified by using different settings on the 
front panel of the boxcar integrator. The final analog output signal is sent to a data 
acquisition system (DAQ ) based on aPCIe-6351 interface by National Instruments 
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software and each of them is subtracted with the following one. As the time-
distance of two subsequent pulses is 1 ms, this differential measurement scheme 
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not be too much affected.
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length, 20 fs FWHM pulse duration, 80 MHz repetition rate, 500 mW output 
power) and pumped by Coherent Evolution (527 nm central wavelength, ~ 10 ns 
pulse width, 1 kHz repetition rate, 20 W output power). The Legend delivers 
~4 W output power at 1 KHz repetition rate (~ 4 mJ energy per pulse) at 800 nm 
central wavelength (1.5 eV), ~ 80 nm bandwidth, and with about 35 fs FWHM 
time duration [37].

2.2 Signal detection

2.2.1 Monochromator

It is an optical device which disperses the light spectrum by means of a suitable 
optical grating (1800 groves/mm, in this case) and filters out all wavelengths except 
those passing through a slit at the output of the device. We use a monochromator 
from the Optometrics Group which is a Ebert-Fastie type with focal length (path 
length) of 74 mm, model number SDMC1–02 (Scanning Digital MiniChrom). The 
wavelength range of this monochromator is 200-800 nm. The wavelength range 
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possible to use it also for THz-TDS detection in case of ABCD technique, but we will 
not discuss this method here.
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A PMT is a device consisting of a photocathode, several dynodes and one anode, all 
placed in vacuum. Modern PMTs deliver low noise and low jitter detection over a wide 
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response from 185 to 900 nm. The PMT is used only for SHG and THYR detection, 
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of the ABCD technique. In case of standard electro-optic sampling (THz-TDS) we 
use a balanced amplified photodetector by Thorlabs (model number PDB210A) with 
broadband detection range (320-1060 nm). The detector has two distinct low-noise 
photodiodes, whose difference is strongly amplified by the device in order to achieve 
a low noise measurement of the differential signal. The main advantage of this device 
compared to performing the subtraction of independent photodiodes signals is that 
the amplification on the difference is affected by a much lower noise than the subtrac-
tion of already amplified separate signals.

2.3 Delay line

In our experiments we use a linear stage by Physik Instrumente (PI, M-5x1 
series) which are low profile, high-accuracy linear translation stages for laboratory 
applications. The stage is controlled by a DC-Motor controller (Mercury) and the PC 
communication is ensured through a standard RS-232 port. The minimal step size 
corresponds to a minimum incremental motion of 0.1 μm and 1 μm full travel accu-
racy. Therefore, since the optical path is double (forward-and-backward) than the 
physical path, we can achieve a minimal time delay of about 6 fs. As the optical pulse 
duration is about 35 fs, this Delay Line allow us to reach the full time-resolution 
possible for our setup.

2.4 Rotors

To control the input and output optical polarizations of light for THYR and 
THz-TDS experiments, we used mechanical rotors controlled by DC servo control-
lers. We use Thorlabs rotors (model PRM1/MZ8) which are small, compact, DC 
servo motorized 360° rotation stages. The user can measure the angular displace-
ment manually by using the Vernier dial and the marks that are marked on the 
rotating plate in 1° increments. In order to rotate the rotors precisely we are using 
DC servo controllers (model TDCOO1) or “T-cube DC”, controlled in turn by our 
TeraVision software. The software allows the user both to set the in-out angles as 
fixed parameters in any kind of measurement, or to measure the signal as a func-
tion of in-and/or-out angles by fixing all other parameters, in the “Rotors” Tab.

2.5 Data acquisition

The electrical signal is generated by the PMT or the balanced photodiodes and 
enters a Stanford Gated Integrator or Boxcar Averager (GI). Here, it is splitted in 
two signals (50%). One is sent to a Tektronix DPO 4054 oscilloscope for monitoring 
the signal and, more importantly, adjusting the synchronization with the electronic 
gate, while the second signal enters the GI for processing. In our lab we use SR250 GI 
that is a versatile, high speed, low cost module designed to recover fast input analog 
signals from noisy background. It consists of a gate generator, a fast gated integrator, 
and an exponential averaging circuitry. The gate generator can be triggered inter-
nally or externally, and it provides an adjustable delay from a few nanoseconds to 
100 ms before it generates a continuously adjustable gate with a width between 2 ns 
and 15 μs. The delay can be set by a front panel potentiometer. The fast gated integra-
tor integrates the input signal during the gating and the output signal is normalized 
by the gate width to provide a voltage which is proportional to the average of the 
input signal. This signal can be further amplified by using different settings on the 
front panel of the boxcar integrator. The final analog output signal is sent to a data 
acquisition system (DAQ ) based on aPCIe-6351 interface by National Instruments 
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(NI). The latter is a X-series multifunction I/O Device, which offers analog (16 bit) 
and digital I/O, four 32-bit counter/timers for encoder, frequency, event counting 
etc. It relies on a high-speed PCI Express bus. In our TeraVision software we used 
NI-VISA which is an API (Application Programming Interface) that provides a 
programming interface to control GPIB, serial, USB, PXI, VXI etc. instruments in 
National Instruments application development environments like LabVIEW.

3. The TeraVision software

3.1 Brief introduction to LabVIEW

LabVIEW (Laboratory Virtual Instrument Engineering Workbench) is a 
software development environment by National Instruments (NI). One of the most 
significant difference between LabVIEW and many other computer languages is 
the use of a graphical interface for editing codes, resulting in the form of block 
diagrams. Besides this, LabVIEW is quite straightforward to use especially for 
people (like us) with no professional training for software coding, thanks to many 
routines and libraries which have been developed with a special focus on labora-
tory work, automation and instruments control, together with a pleasant and user 
friendly graphic interface for the software end user. This software is the core of 
the NI design platform and it is also an ideal choice for developing measurement or 
control systems. LabVIEW development environment integrates all the tools that 
engineers and scientists need to quickly construct various applications, designed 
to help engineers and scientists to concentrate on their principal tasks, to solve 
problems and to improve productivity.

LabVIEW is a graphical programming environment for creating applications 
using icons instead of text lines. The traditional text programming languages 
determine the order of program execution according to the order of statements and 
instructions, while the LabVIEW adopts the method of data flow programming. 
LabVIEW’s graphical source code is similar to a flowchart to some extent, so it is 
also called the block diagram. The data flow between nodes in the program block 
diagram determines the execution order of subroutines (Virtual Instruments – VI) 
and functions. LabVIEW provides many controls that look similar to traditional 
instruments, such as oscilloscopes and multimeters, for simplified user interface 
creation. The user interface in LabVIEW is called the front panel. With icons and 
wires in the block diagram, one can programmatically control the objects on the 
front panel.

3.2 Main concepts about the TeraVision software

The TeraVision software is meant to perform two main types of measurements: 
1) as a function of time (THz-TDS); 2) as a function of time and wavelength 
(THYR). In addition, it can perform two ancillary measurements: 3) as a function 
of wavelength only (Spectrum); 4) as a function of input/output polarizations 
(Signal Anisotropy). The latter two can be performed with and without a THz pulse 
applied on the sample. More features are very relevant for system optimization, 
and therefore the software includes: 5) a routine for signal optimization, in order 
to observe a real-time scan of the signal on screen, although with a large noise; 6) a 
signal-channel monitor, which displays the actual values of each channel of the DAQ 
before averaging; 7) a Delay Stage control to check for the device performance and 
to drive it manually and independently on the measurements. We note incidentally 
that point 6 can be used also as a signal monitor to manually measure the signal as 
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a function of any variable which is not under the software control (temperature, 
external electric or magnetic fields, and so on…). Since the signal is revealed as the 
difference between THz-ON and THz-OFF trains of pulses, this reading cannot be 
done by means of a single external unit, such as a digital oscilloscope.

The software can manage automatically the creation of folders and data files 
for saving the experimental results and the parameters are checked at each input in 
order to ensure that any possible mistake by the user cannot create problems during 
the measurement execution. At every startup the initialization procedure is collect-
ing data from all devices to set the safety breaks which are forcing the user to set all 
parameters in within a safe range. Moreover every value is rounded to the minimal 
time/angle/wavelength resolution, so that the device can be driven with no overlap 
between subsequent points. The measurements files are numbered incrementally 
in order to ensure that two runs with identical parameters and names will be stored 
in different files, which are saved automatically during each run, but can be deleted 
at the end of the run upon user command. The software also has the ability to ring 
a bell when the measurement is finished, and the bell stops ringing as soon as the 
mouse is moved or any key is pressed. In this way the user can save time and energy 
by working on other things while the measurement is running, still without losing 
any time at the end of each run. The basic idea below TeraVision is that the user 
must be concentrated uniquely on the measurement and not be bored by many 
irrelevant tasks.

The software produces three distinct files for each single measurement: a large 
data file in which every single point of every scan is saved before averaging, a short 
data file in which only the average on all points and scans is saved, and an image 
file which contains a summary of the measurement with graphs and all relevant 
parameters and comments by the user. This ensures that during data analysis the 
user will find quickly what he/she is searching for, he/she will be able to quickly 
analyze the averaged data, but he/she will also be able to perform a deep data 
analysis on individual points if needed, so to maintain the full information content 
of the measurement. The data files are saved point-by-point during the run, in order 
to prevent information losses due to system crash, electrical black-out or whatever 
unpredictable problems.

All these features are meant to create a very friendly and free-of-worries user 
experience, to make unnecessary for the user to have any specific knowledge 
about the software code and to achieve 100% safety about data loss and device 
operation.

From the point of view of the performances, and in particular in order to reduce 
the measurement time as much as possible, several solutions have been imple-
mented, and they will be discussed in the next sections.

3.3 The TeraVision front panel

We begin to describe the operation of the TeraVision software starting from 
the final user interface, in order to explain in some details all the features included 
in the software. In a second moment, we will describe the “backstage”, i.e. how 
we implemented the proposed solutions in the software code. Figure 5 shows the 
TeraVision front panel. In the upper line of the panel there is the software name 
and version, and the Quit button. This button is important, for it drives the correct 
quitting procedure of the software, as better explained in the dedicated section. The 
user can quit the software in other ways, but then he/she will need to close manually 
all ports used by the program and all set parameters of that experimental session 
will be lost and the software will load the previously saved ones at next startup. 
Below the first line, we can locate two main blocks: the central Tab panel, which is 
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LabVIEW (Laboratory Virtual Instrument Engineering Workbench) is a 
software development environment by National Instruments (NI). One of the most 
significant difference between LabVIEW and many other computer languages is 
the use of a graphical interface for editing codes, resulting in the form of block 
diagrams. Besides this, LabVIEW is quite straightforward to use especially for 
people (like us) with no professional training for software coding, thanks to many 
routines and libraries which have been developed with a special focus on labora-
tory work, automation and instruments control, together with a pleasant and user 
friendly graphic interface for the software end user. This software is the core of 
the NI design platform and it is also an ideal choice for developing measurement or 
control systems. LabVIEW development environment integrates all the tools that 
engineers and scientists need to quickly construct various applications, designed 
to help engineers and scientists to concentrate on their principal tasks, to solve 
problems and to improve productivity.

LabVIEW is a graphical programming environment for creating applications 
using icons instead of text lines. The traditional text programming languages 
determine the order of program execution according to the order of statements and 
instructions, while the LabVIEW adopts the method of data flow programming. 
LabVIEW’s graphical source code is similar to a flowchart to some extent, so it is 
also called the block diagram. The data flow between nodes in the program block 
diagram determines the execution order of subroutines (Virtual Instruments – VI) 
and functions. LabVIEW provides many controls that look similar to traditional 
instruments, such as oscilloscopes and multimeters, for simplified user interface 
creation. The user interface in LabVIEW is called the front panel. With icons and 
wires in the block diagram, one can programmatically control the objects on the 
front panel.

3.2 Main concepts about the TeraVision software

The TeraVision software is meant to perform two main types of measurements: 
1) as a function of time (THz-TDS); 2) as a function of time and wavelength 
(THYR). In addition, it can perform two ancillary measurements: 3) as a function 
of wavelength only (Spectrum); 4) as a function of input/output polarizations 
(Signal Anisotropy). The latter two can be performed with and without a THz pulse 
applied on the sample. More features are very relevant for system optimization, 
and therefore the software includes: 5) a routine for signal optimization, in order 
to observe a real-time scan of the signal on screen, although with a large noise; 6) a 
signal-channel monitor, which displays the actual values of each channel of the DAQ 
before averaging; 7) a Delay Stage control to check for the device performance and 
to drive it manually and independently on the measurements. We note incidentally 
that point 6 can be used also as a signal monitor to manually measure the signal as 
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a function of any variable which is not under the software control (temperature, 
external electric or magnetic fields, and so on…). Since the signal is revealed as the 
difference between THz-ON and THz-OFF trains of pulses, this reading cannot be 
done by means of a single external unit, such as a digital oscilloscope.

The software can manage automatically the creation of folders and data files 
for saving the experimental results and the parameters are checked at each input in 
order to ensure that any possible mistake by the user cannot create problems during 
the measurement execution. At every startup the initialization procedure is collect-
ing data from all devices to set the safety breaks which are forcing the user to set all 
parameters in within a safe range. Moreover every value is rounded to the minimal 
time/angle/wavelength resolution, so that the device can be driven with no overlap 
between subsequent points. The measurements files are numbered incrementally 
in order to ensure that two runs with identical parameters and names will be stored 
in different files, which are saved automatically during each run, but can be deleted 
at the end of the run upon user command. The software also has the ability to ring 
a bell when the measurement is finished, and the bell stops ringing as soon as the 
mouse is moved or any key is pressed. In this way the user can save time and energy 
by working on other things while the measurement is running, still without losing 
any time at the end of each run. The basic idea below TeraVision is that the user 
must be concentrated uniquely on the measurement and not be bored by many 
irrelevant tasks.

The software produces three distinct files for each single measurement: a large 
data file in which every single point of every scan is saved before averaging, a short 
data file in which only the average on all points and scans is saved, and an image 
file which contains a summary of the measurement with graphs and all relevant 
parameters and comments by the user. This ensures that during data analysis the 
user will find quickly what he/she is searching for, he/she will be able to quickly 
analyze the averaged data, but he/she will also be able to perform a deep data 
analysis on individual points if needed, so to maintain the full information content 
of the measurement. The data files are saved point-by-point during the run, in order 
to prevent information losses due to system crash, electrical black-out or whatever 
unpredictable problems.

All these features are meant to create a very friendly and free-of-worries user 
experience, to make unnecessary for the user to have any specific knowledge 
about the software code and to achieve 100% safety about data loss and device 
operation.

From the point of view of the performances, and in particular in order to reduce 
the measurement time as much as possible, several solutions have been imple-
mented, and they will be discussed in the next sections.

3.3 The TeraVision front panel

We begin to describe the operation of the TeraVision software starting from 
the final user interface, in order to explain in some details all the features included 
in the software. In a second moment, we will describe the “backstage”, i.e. how 
we implemented the proposed solutions in the software code. Figure 5 shows the 
TeraVision front panel. In the upper line of the panel there is the software name 
and version, and the Quit button. This button is important, for it drives the correct 
quitting procedure of the software, as better explained in the dedicated section. The 
user can quit the software in other ways, but then he/she will need to close manually 
all ports used by the program and all set parameters of that experimental session 
will be lost and the software will load the previously saved ones at next startup. 
Below the first line, we can locate two main blocks: the central Tab panel, which is 



LabVIEW - A Flexible Environment for Modeling and Daily Laboratory Use

52

the core of the software, and a lateral column. This column will be always on screen 
for any Tab selected. Let us describe the column content, and then we will describe 
each individual Tab of the central panel in separate subsections.

3.3.1 The controls column

The lateral column is always on screen, for each Tab selected. It is composed of 
two upper Controls columns and one lower indicator/comments column. On the 
two upper columns the user can set the parameters for different types of mea-
surements. These two columns have been labeled “Spectral controls” and “Time 
controls” not because they contain only spectral or time controls (they do not) 
but rather to remind the user that when he/she would like to perform a spectral 
measurement, the software will drive the Delay Line to a specific time (so the Delay 
Time parameter is shown in the Spectral Controls). Similarly, when the user wants 
to perform a Time-scan (just as the one shown in Figure 5) the software will set the 
monochromator wavelength to a fixed specific value, and therefore this value has 
been inserted in the Time Controls column. In the lateral columns it is possible to 
set the parameters for any specific measurement. The user can define the start/stop/
step values for a time scan or a wavelength scan, the angles of polarizer and analyzer 
waveplates, the number of Laser shots on which the average will be performed and 
the number of Scans (the number of times the single measurement will be repeated 
to improve the signal-to-noise ratio) and finally the sample name which will be used 
in the experimental report. Every single value is checked together with the others in 
order to ensure safety. For instance if the user sets by mistake a value for stopping 
the Delay Line which is larger than the Delay Line length itself, the software force 
the value to the maximum, which has been recorded during the device initializa-
tion procedure. If the start value is larger than the stop value, the two values are 

Figure 5. 
TeraVision front panel.
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exchanged. If the user sets a negative value for the Laser Shots parameter, it is 
forced to positive, and so on.

3.3.2 The comments columns, the saved files and the experimental report

Below the Controls columns there are three indicators. “# per Scan” indicates 
the number of points to measure within a single scan, “Now scan #” indicates the 
number of current scan and “Meas. Numb.” indicates the incremental measure-
ments numbering. As already mentioned, each time a measurement is launched, 
the software creates three files using the sample name, date/time and measurement 
number for naming the files. Those files are saved in a folder, which is created auto-
matically at each startup during initialization, named with the date of the measure-
ment. The three files have all identical names but different file extensions. The *.dat 
file contains all single points of the measurement. The *.txt file contains only the 
averages for all points and all scans. The third file is a *.jpeg file with the printout of 
the experimental report.

Below the indicators there are two text fields with the user name (for future ref-
erences) and a free textbox in which the user will write all parameters which are not 
under TeraVision control (sample temperature, electric or magnetic fields applied 
to the sample, and so on…) and whatever observation is relevant to the present 
experiment. This “comment” textbox is extremely useful for creating the experi-
mental report file. Figure 6 shows an example of a report file. The measurement 
number and sample name are in the top row of the page. In the center of the page 
there are the graphs of the measurement, and just below them there is a textbox 
with all relevant parameters, the units of each column in the data files and the free 
comment textbox, just described above. The reason while we have chosen the *.jpeg 
format instead of the more used *.pdf file is that having one folder with up to 100 or 
more measurements, the user must open those 100 *.pdf files individually in order 
to find the measurement he/she is searching for. Using jpeg and any picture viewer, 
one can just browse all pictures in the folder within the same window simply by 
pressing an arrow key, and it is even possible to use the preview function so that one 
does not need to actually open the file in order to know what is inside that specific 
measurement. We found that if one makes use of this report wisely and carefully, 
it can create a digital log-book which can partially replace the need of a physical 
hand-written lab-book.

3.3.3 The Tab panel

• The first Tab is shown in Figure 5 is the “Acquisition” Tab. It is used for time-
scan, both with electro-optic detection, as in regular THz-TDS, or for scanning 
in time on a single wavelength in a THYR experiment, or for THz-TDS with 
alternative techniques such as the already mentioned ABCD technique. There 
are two graphs, one for the measured signal in time domain and the other 
which displays the Fast Fourier Transform (FFT) of the signal. In each graph 
two lines with different colors are displayed. The red one is the measurement 
on the current scan, and it is updated point-by-point, so that the user can 
immediately see if there are problems during the measurement without need to 
wait one full scan to be finished. The white curve is the average of all previous 
scans, and it is updated at the end of each scan. In the saved txt data file and 
jpeg report only the averaged curve is stored. In addition, the user has all the 
usual LabVIEW graph tools for changing the scale, labels, and more. Finally a 
vertical bar is tracing the progress of the measurement. This progress is not a 
theoretical estimate. It is calculated by measuring the real elapsed time since 
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the core of the software, and a lateral column. This column will be always on screen 
for any Tab selected. Let us describe the column content, and then we will describe 
each individual Tab of the central panel in separate subsections.

3.3.1 The controls column

The lateral column is always on screen, for each Tab selected. It is composed of 
two upper Controls columns and one lower indicator/comments column. On the 
two upper columns the user can set the parameters for different types of mea-
surements. These two columns have been labeled “Spectral controls” and “Time 
controls” not because they contain only spectral or time controls (they do not) 
but rather to remind the user that when he/she would like to perform a spectral 
measurement, the software will drive the Delay Line to a specific time (so the Delay 
Time parameter is shown in the Spectral Controls). Similarly, when the user wants 
to perform a Time-scan (just as the one shown in Figure 5) the software will set the 
monochromator wavelength to a fixed specific value, and therefore this value has 
been inserted in the Time Controls column. In the lateral columns it is possible to 
set the parameters for any specific measurement. The user can define the start/stop/
step values for a time scan or a wavelength scan, the angles of polarizer and analyzer 
waveplates, the number of Laser shots on which the average will be performed and 
the number of Scans (the number of times the single measurement will be repeated 
to improve the signal-to-noise ratio) and finally the sample name which will be used 
in the experimental report. Every single value is checked together with the others in 
order to ensure safety. For instance if the user sets by mistake a value for stopping 
the Delay Line which is larger than the Delay Line length itself, the software force 
the value to the maximum, which has been recorded during the device initializa-
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exchanged. If the user sets a negative value for the Laser Shots parameter, it is 
forced to positive, and so on.

3.3.2 The comments columns, the saved files and the experimental report

Below the Controls columns there are three indicators. “# per Scan” indicates 
the number of points to measure within a single scan, “Now scan #” indicates the 
number of current scan and “Meas. Numb.” indicates the incremental measure-
ments numbering. As already mentioned, each time a measurement is launched, 
the software creates three files using the sample name, date/time and measurement 
number for naming the files. Those files are saved in a folder, which is created auto-
matically at each startup during initialization, named with the date of the measure-
ment. The three files have all identical names but different file extensions. The *.dat 
file contains all single points of the measurement. The *.txt file contains only the 
averages for all points and all scans. The third file is a *.jpeg file with the printout of 
the experimental report.

Below the indicators there are two text fields with the user name (for future ref-
erences) and a free textbox in which the user will write all parameters which are not 
under TeraVision control (sample temperature, electric or magnetic fields applied 
to the sample, and so on…) and whatever observation is relevant to the present 
experiment. This “comment” textbox is extremely useful for creating the experi-
mental report file. Figure 6 shows an example of a report file. The measurement 
number and sample name are in the top row of the page. In the center of the page 
there are the graphs of the measurement, and just below them there is a textbox 
with all relevant parameters, the units of each column in the data files and the free 
comment textbox, just described above. The reason while we have chosen the *.jpeg 
format instead of the more used *.pdf file is that having one folder with up to 100 or 
more measurements, the user must open those 100 *.pdf files individually in order 
to find the measurement he/she is searching for. Using jpeg and any picture viewer, 
one can just browse all pictures in the folder within the same window simply by 
pressing an arrow key, and it is even possible to use the preview function so that one 
does not need to actually open the file in order to know what is inside that specific 
measurement. We found that if one makes use of this report wisely and carefully, 
it can create a digital log-book which can partially replace the need of a physical 
hand-written lab-book.

3.3.3 The Tab panel

• The first Tab is shown in Figure 5 is the “Acquisition” Tab. It is used for time-
scan, both with electro-optic detection, as in regular THz-TDS, or for scanning 
in time on a single wavelength in a THYR experiment, or for THz-TDS with 
alternative techniques such as the already mentioned ABCD technique. There 
are two graphs, one for the measured signal in time domain and the other 
which displays the Fast Fourier Transform (FFT) of the signal. In each graph 
two lines with different colors are displayed. The red one is the measurement 
on the current scan, and it is updated point-by-point, so that the user can 
immediately see if there are problems during the measurement without need to 
wait one full scan to be finished. The white curve is the average of all previous 
scans, and it is updated at the end of each scan. In the saved txt data file and 
jpeg report only the averaged curve is stored. In addition, the user has all the 
usual LabVIEW graph tools for changing the scale, labels, and more. Finally a 
vertical bar is tracing the progress of the measurement. This progress is not a 
theoretical estimate. It is calculated by measuring the real elapsed time since 
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the beginning of the measurement, dividing this time by the number of mea-
sured points so to obtain a realistic estimate of the time-per-point, and finally 
a multiplication for the number of total points and remaining points gives an 
estimate of the overall progress, in percent.

• The second Tab is the “Loop Scan” Tab. In this Tab the time scan is shown 
with no averaging. The delay stage is moved continuously in between the start 
and stop point, and the positions are not recorded. This speeds up a lot the 
acquisition, so that the waveform appears on the PC screen in real-time exactly 
as if it was displayed on an oscilloscope screen. In this Tab it is possible to set 
the velocity and acceleration of the Delay Stage, which will be then used also 

Figure 6. 
The report jpeg file generated at the end of each experiment.
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elsewhere. The reason for this utility is to monitor the signal while adjusting 
the alignment of the setup. Who works with THz knows that the setup optimi-
zation can be quite difficult because if one looks at some signal on the oscillo-
scope, for instance the peak of the waveform, this peak position will change in 
time as the user is optimizing the alignment, because the relative path between 
THz and Gate pulses is changed. If one has the signal on screen in real-time, 
the displacement of the peak position will not be a problem, as long as the 
peak will fall between the start and stop points. The major drawback of this 
method is that the very poor signal-to-noise ratio makes difficult to distinguish 
the signal when it is very far from optimal intensity. It is very useful to quickly 
reach the optimum once the signal is already roughly optimized.

• The third Tab is the “Move Stage” Tab. Here the user can set the Delay Stage 
parameters, and it displays a real-time chart which shows the stage position in 
time. This utility is used to manually move the stage step-by-step when search-
ing for the signal after a major realignment, or to quickly move the stage in 
between two fixed positions. For instance, when a filter is placed in one of the 
two arms THz or Gate, it will change the relative optical path by a fixed known 
amount of time, so that it will be possible to quickly switch between the peak-
signals in the two different cases.

• The fourth Tab is the “Single Channels” Tab. In this Tab a graph in real time 
shows just the output of the DAQ for a given number of points. The DAQ 
receives two signals. One is the photodetector (PMT or balanced photodiode), 
and the second channel is linked to a photodiode which monitors the THz 
generation optical pulse right after the chopper. This monitor is needed for 
two reasons: the first is to keep trace of the laser intensity, and the second to 
know exactly which pulse has been chopped and which one has not. Even if in 
principle this signal could be used to normalize the measured signal on channel 
1 in order to account for laser intensity fluctuations, our test measurements 
reveal that the amount of noise introduced by this procedure greatly overcomes 
the benefits of having a normalized signal, and therefore the channel 2 is 
used only to recognize the ON and OFF signals so to perform the differential 
measurement. In this Tab it is possible to set the DAQ parameters such as 
number of triggers to wait and average for each experimental point (delay stage 
position, monochromator wavelength). The utility is also capable of warning 
the user if the channel 2 photodiode signal difference between ON and OFF 
pulses is lower than 3 times the sum of the two standard deviations of each 
series of points (ON and OFF). When this condition is met, it means that the 
chopper phase has somehow changed and the chopping does not completely 
block every second pulses (this may happen for instance when the laser trigger 
has significant jitter or when the trigger parameters in the chopper motor are 
not correctly set). In this case, a red indicator blinks and the user is invited to 
check the chopper phase.

• The fifth Tab is the “PCM Spectrum” Tab. Here the signal is measured as a 
function of wavelength for a fixed Delay Line position (time position). In this 
Tab it is possible to set the monochromator parameters and to record a curve 
of the signal when THz is ON, OFF or the difference between the two. This is 
important in the case of THYR measurements, in order to directly compare the 
signal with no THz (standard SHG signal) and the signal with THz applied to 
the sample (THYR signal). It is also quite useful for quickly checking the pres-
ence of spurious effects, as for instance 2-photons luminescence.



LabVIEW - A Flexible Environment for Modeling and Daily Laboratory Use

54

the beginning of the measurement, dividing this time by the number of mea-
sured points so to obtain a realistic estimate of the time-per-point, and finally 
a multiplication for the number of total points and remaining points gives an 
estimate of the overall progress, in percent.

• The second Tab is the “Loop Scan” Tab. In this Tab the time scan is shown 
with no averaging. The delay stage is moved continuously in between the start 
and stop point, and the positions are not recorded. This speeds up a lot the 
acquisition, so that the waveform appears on the PC screen in real-time exactly 
as if it was displayed on an oscilloscope screen. In this Tab it is possible to set 
the velocity and acceleration of the Delay Stage, which will be then used also 

Figure 6. 
The report jpeg file generated at the end of each experiment.

55

TeraVision: A LabVIEW Software for THz Hyper-Raman Spectroscopy
DOI: http://dx.doi.org/10.5772/intechopen.96663

elsewhere. The reason for this utility is to monitor the signal while adjusting 
the alignment of the setup. Who works with THz knows that the setup optimi-
zation can be quite difficult because if one looks at some signal on the oscillo-
scope, for instance the peak of the waveform, this peak position will change in 
time as the user is optimizing the alignment, because the relative path between 
THz and Gate pulses is changed. If one has the signal on screen in real-time, 
the displacement of the peak position will not be a problem, as long as the 
peak will fall between the start and stop points. The major drawback of this 
method is that the very poor signal-to-noise ratio makes difficult to distinguish 
the signal when it is very far from optimal intensity. It is very useful to quickly 
reach the optimum once the signal is already roughly optimized.

• The third Tab is the “Move Stage” Tab. Here the user can set the Delay Stage 
parameters, and it displays a real-time chart which shows the stage position in 
time. This utility is used to manually move the stage step-by-step when search-
ing for the signal after a major realignment, or to quickly move the stage in 
between two fixed positions. For instance, when a filter is placed in one of the 
two arms THz or Gate, it will change the relative optical path by a fixed known 
amount of time, so that it will be possible to quickly switch between the peak-
signals in the two different cases.

• The fourth Tab is the “Single Channels” Tab. In this Tab a graph in real time 
shows just the output of the DAQ for a given number of points. The DAQ 
receives two signals. One is the photodetector (PMT or balanced photodiode), 
and the second channel is linked to a photodiode which monitors the THz 
generation optical pulse right after the chopper. This monitor is needed for 
two reasons: the first is to keep trace of the laser intensity, and the second to 
know exactly which pulse has been chopped and which one has not. Even if in 
principle this signal could be used to normalize the measured signal on channel 
1 in order to account for laser intensity fluctuations, our test measurements 
reveal that the amount of noise introduced by this procedure greatly overcomes 
the benefits of having a normalized signal, and therefore the channel 2 is 
used only to recognize the ON and OFF signals so to perform the differential 
measurement. In this Tab it is possible to set the DAQ parameters such as 
number of triggers to wait and average for each experimental point (delay stage 
position, monochromator wavelength). The utility is also capable of warning 
the user if the channel 2 photodiode signal difference between ON and OFF 
pulses is lower than 3 times the sum of the two standard deviations of each 
series of points (ON and OFF). When this condition is met, it means that the 
chopper phase has somehow changed and the chopping does not completely 
block every second pulses (this may happen for instance when the laser trigger 
has significant jitter or when the trigger parameters in the chopper motor are 
not correctly set). In this case, a red indicator blinks and the user is invited to 
check the chopper phase.

• The fifth Tab is the “PCM Spectrum” Tab. Here the signal is measured as a 
function of wavelength for a fixed Delay Line position (time position). In this 
Tab it is possible to set the monochromator parameters and to record a curve 
of the signal when THz is ON, OFF or the difference between the two. This is 
important in the case of THYR measurements, in order to directly compare the 
signal with no THz (standard SHG signal) and the signal with THz applied to 
the sample (THYR signal). It is also quite useful for quickly checking the pres-
ence of spurious effects, as for instance 2-photons luminescence.
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• The sixth Tab is the “2D Scan” Tab. This Tab is shown in Figure 7. This is the 
Tab for THYR measurement, where the signal is measured in 2D as a function 
of both wavelength (x-axis) and time (y-axis). The graphs in this Tab can be 
manipulated to be a color mesh in 2D or a full 3D graph. The figure shows a 
typical THz measurement, in which we can observe first and second order 
Stokes and anti-Stokes bands and their very different time relaxation. The oscil-
lating behavior of the central peaks is evident as well. For a detailed explanation 
of the measurement shown in this figure, we would like to refer to Ref. [26].

• Finally, the last Tab is the “Rotors” Tab, in which the signal can be measured 
as a function of the incoming or outcoming optical polarization. This is of 
particular importance when studying the symmetry properties of the SHG 
signal generated by the sample. This is in turn important for obtaining a 
correct physical interpretation of the THYR signal. This is in fact the result of 
a complex nonlinear optical effect, and its relationship with the target mate-
rial parameters of interest can be not easy or immediate to appreciate. One 
has to usually study the SHG symmetry and characteristics, with and without 
applying a THz pulse, in order to find the most convenient choice of the optical 
polarizations. This Tab can be also used as stand-alone acquisition software 
when a SHG measurement, rather than THYR or THz-TDS, is the real goal of 
the experiment.

3.4 Initialization and quitting routines

The conceptual scheme of the experiment in Figure 8 shows the optical, electri-
cal and digital connections of the THYR setup. The TeraVision software controls 4 
items: Delay Stage, Data Acquisition Card (DAQ ), Rotors and the monochromator. 
The first task of the software at startup is therefore to initialize all these devices. 

Figure 7. 
2D scan tab for THYR spectroscopy.
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The program creates all folders needed for data acquisition according to the system 
date and time; it opens all communication ports and cleans all buffers. In this phase, 
however, the software is not only performing the basic initialization in order to be 
able to communicate with each device, but it is also interacting with the user. Using 
pop-up messages the software asks the user about starting set parameters, which 
initial value is read in a setup file. For instance the user can choose to move the 
Delay Stage to find its physical edges or to set the “home position”, i.e. the zero-step 
position. The user can choose to skip the initialization procedure of that specific 
device too. The same happens for all devices. This start-up phase is run only at the 
beginning, when the software is launched. Then the software is running in time-out 
mode, waiting for user commands. When the software is quit, a second one-time-
only routine is launched, which is saving all set parameters in the setup file in order 
to call them again at next startup. This method is very convenient as the parameters 
are many, and the user can not always remember which parameter was set last time. 
Beside this, the quit-routine is closing all open ports and flushing all memories of 
the devices in order to ensure a clean startup on the next call. A “smart-stop” VI 
ensures that the user cannot quit the program if one or more while/for loops are still 
running. The VI makes sure all loops are closed in the right order, from internal to 
external, and all queues are correctly flushed before moving to stop the next loop. 
This is the reason why it is not recommendable to quit the software in other ways.

3.5 The block diagram: event structure/producer and consumer loops

After initialization, the software goes in timeout mode and waits for user com-
mands. The entire architecture of the software is therefore enclosed in a large event 
structure, shown in Figure 9, where every single button on screen is triggering a 
specific event. This choice of the basic architecture was perhaps not the wisest one, 
and it will be changed in the future (see the final section about future perspectives). 
In order to ensure that unjustified clicking on certain buttons by the user can harm 
the software execution, each event will disable all buttons which are not relevant 
during the performance of that event, and those buttons will be grayed, so that the 
user has an exact feeling of what can and cannot be done in that precise moment. 
The user can always stop the current task with a specific stop button, which drives 

Figure 8. 
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• The sixth Tab is the “2D Scan” Tab. This Tab is shown in Figure 7. This is the 
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Figure 7. 
2D scan tab for THYR spectroscopy.
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the already mentioned “smart-stop” VI instead of being directly linked to any loop, 
so to ensure that the system has returned to timeout mode correctly.

The TeraVision software has been written with particular effort on saving time 
during each measurement. If a simple time-scan on a short range and few points can 
take seconds or few minutes, a full resolution 2D scan of a real THYR measurement 
can take several hours. This time is really at the limit of long-term laser stability 
specifications. For this reason, every millisecond spared during the single point 
acquisition, or in between two subsequent scans, is important. Several actions have 
been taken in order to reduce the measurement time as much as possible, and we 
will list them in this section.

First, the time required for the actual measurement (devices movements and 
number of triggers for each point) is decoupled from all analysis and digital work 
(in particular data and parameters file writing, which is the most digital time-
consuming task). The way we chose for this, is to implement several Producer/
Consumer loops (an example is shown in Figure 10). The Producer/Consumer 
architecture is a classic case of multithreaded synchronization solution. It applies 
when two threads (producer and consumer) actually run together in parallel. 
The main role of the producer is to generate a certain amount of data to put 
into the buffers and then repeat the process with one or more nested for/while 
loops. It is crucial to implement “smart stops” in order to prevent crashes due 
to nested loops. At the same time, consumers are consuming the data in buffers 
for data analysis and saving. The key is to ensure that producers do not add data 
when the buffer is full, and consumers do not consume data when the buffer is 
empty. Figure 10 shows as an example the Producer/Consumer architecture for 
the Acquisition task. Many users know that LabVIEW can be programmed by 
multithreading, but usual ways to implement multithreading are to use global and 
local variables, with the disadvantages of possible data loss, risk and competition. 
The loops are driven by queue controls in order to ensure a correct processing of 
data flow.

The data processing is, however, not the most time-expensive problem. The 
most time-consuming tasks are by far the physical movements of all devices. In 
order to minimize those movements, we implemented the following procedure. 

Figure 9. 
The TeraVision block diagram.
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The usual way to drive a step motor is to give it a target position, then read out the 
actually reached position and finally adjust it with a secondary movement com-
mand, with or without a third step due to so-called backlash correction. We chose 
to avoid all position corrections. For the measurement is not important that the 
target position is “really” that given in command, as long as the actual position 
reached after a single movement is read with sufficient precision and accuracy. 
Therefore, the system creates an array of positions, from the start/stop/step param-
eters, equally spaced, and gives them to the motor driver VI for each trigger of the 
acquisition loop. Instead of waiting that the device goes precisely on each position 
of the array, the software collects data on random positions acquired “closed to” 
the target positions. After one scan is completed, the software interpolates the 
signal values acquired on random positions on top of the original equally spaced 
array. In this way we realize two important things: first, the signal can be averaged 
easily with all previous scans as the x-axis values are identical, and second the FFT 
routine will work correctly, as it requires to run over equally spaced arrays only. For 
the same reason of minimizing the device movements, the software is also capable 
of performing the scans in “reverse” mode, i.e. it scans from start to stop and then 
from stop to start, in order to remove the dead time needed to send the motor back 
to the start position. Finally, the system can decide automatically how to start the 
first scan by reading the actual position and compare it with the position array so 
to choose which direction of motion will give the shortest time before the measure-
ment begin.

Figure 10. 
Producer-consumer loop.
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4. Future perspectives

In the near future we plan to upgrade the software to version 3.0 with three 
main improvements (and many minor adjustments). First, the system will be able 
to perform individual separated measurements, saved in separated individual files, 
for a given list of static parameters. For example, we can now scan the signal as a 
function of the input polarization, and we can then fix one specific angle and run 
a time-scan or a wavelength-scan. In the future it will be possible to programmati-
cally set two or more angles (and other parameters as well) and run subsequent 
separate measurements for every single parameter.

The second improvement goes in the direction of greatly reducing the mea-
surement time. We bought a new Delay Line which is capable of reading the stage 
position on-the-fly while the stage moves. Those positions are recorded in a buffer 
and they can be read all together in the dead-time which the motor employs to stop 
the stage and start to scan in the opposite direction. The system can therefore work 
continuously without the need to make stop-and-go movements. The challenge here 
is represented by the need to link the physical position of the stage in real time, to 
the time at which the signal is actually measured, and this requires a very fine and 
precise synchronization of the digital clock with the laser trigger.

Finally, a major rearrangement of the whole software architecture is needed in 
order to bring the loops out of the event structure. A simple state machine will con-
tain the measurement loops, while the event structure will drive the state machine. 
This rearrangement is not critical because our current architecture has proved itself 
to be very robust (the software crashes very rarely, if ever), but we have in mind to 
do so because it will be much easier to work on the software when it is necessary to 
add/change any component, and also in order to have a much more “clean” block 
diagram.
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Abstract

To date, research efforts have demonstrated the stimulated need for the  
Internet of Things (IoT) based monitoring device in their laboratory. The benefits 
of remote laboratories in overcoming time constraints and the disadvantages of 
usability of conventional laboratories are well known. In addition to the current 
control engineering laboratories, a remote lab that incorporates an industry-relevant 
method has been established to assist in the understanding of data acquisition with 
cost-effective platform integration. However, one of the greatest challenges is the 
creation of a low-cost and user-friendly remote laboratory experiment that is ideal 
for interacting with the actual laboratory via a mobile device. The main objective of 
this work is therefore to build a remote laboratory system based on the IoT using the 
LabVIEW-Arduino interface with the example of proportional-integral-derivative 
(PID) tuning scheme for the LD-Didactic temperature plant. The practical work 
would include the implementation of the low-cost Arduino module connecting 
the actual plant to mobile devices. In addition, interfaces have been built using the 
Blynk application to allow communication between the end user and the laboratory 
equipment. In line with the Industrial Revolution 4.0 (IR 4.0), the proposed study 
structure called for the digitization of the current laboratory experiment method.

Keywords: Arduino-LABVIEW, temperature application, remote laboratory, 
interfacing module, data acquisition, internet-of-things

1. Introduction

Studies in remote laboratory are one form of teaching adaptation that reflects 
the delivery of practical experience in learning. The common transition from 
traditional laboratory to remote laboratory has always been associated with automa-
tion and online technology, while common implementation involves embedded 
or monitoring related experiments. As a result, an interactive laboratory can be 
developed to engage students’ comprehension in the learning process. It is worth 
to shift the laboratory implementation without overlooking the hands-on element. 
This is in line with the advancement of IR4.0 which extends the education system 
with IoT into endless possibilities in online learning.
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This would support both students and instructors by enhancing the learning 
environment and exposing students to the industrialized sector. As a core learn-
ing process, laboratory experience is essential to learning processes in all areas of 
engineering. Studies have shown that students who participate in well-designed 
laboratory experiences gain valuable skills and competencies. Some agree that the 
development of laboratory activities that enable students to conduct experiments 
remotely would increase students’ commitment to furthering their education. At 
the same time provide training for high-tech careers by fostering the skills desired 
by potential employers [1]. Indeed, this not only allow students to actively partici-
pate in the learning process, but they will also have vivid experiences, can work in 
a group or independently, and their attention will improve their commitment and 
satisfaction [2]. On the management side, remote laboratories benefited by reducing 
the number of scheduling arrangements, overcoming equipment inadequacy, and 
reduce overloading students by utilizing the learning versatility provided by IoT.

As a result, the need to transform the traditional laboratory into a remote labora-
tory is significant. In these circumstances, effective interfaces must be established in 
order to achieve system monitoring as well as remote application interconnectivity 
through the internet. Such requirements can be met by using a data acquisition sys-
tem, in this case LabVIEW (Laboratory Virtual Instrument Engineering Workbench) 
in conjunction with Arduino board. Furthermore, the proposed system is not limited 
to laboratory applications and can be extended to other applications such as solar 
photovoltaic, agriculture, and environmental studies. The importance of such a 
framework can be seen in open-source hardware as a data acquisition device that is 
easily configurable to meet the intended requirements of specific applications.

The remaining chapter discusses the trend and review on the open-source 
interfacing module for remote applications along with implementation challenges 
in Section 2. Section 3 presents the methodology, to cover overall software and 
hardware used in this work implementation of interfacing module to acquire 
the data. The process known as data acquisition will demonstrate how the data 
transferring process is designed to collect the data from and to the real plant in the 
laboratory. Section 4 and Section 5 discuss Blynk integration to modular hardware 
as well with example of case study for PID simulation in real time execution.

2. Related works and research trends

2.1 Trend analysis for remote monitoring

The remote laboratory has been used for the past 20 years and is still used pro-
gressively for learning technologies, as shown by the publication pattern depicted 
in Figure 1. A basic bibliometric analysis was performed, to compile and evaluate 
the information obtained from the SCOPUS database’s bibliographic sources. This 
analysis includes a summary of the most relevant keywords related to monitoring 
applications, as well as the publications trend and subject area that have been pub-
lished. Over the last five years, publications with an average of more than 50 articles 
revealed that research interest was concentrated on these keywords namely monitor-
ing, cost, architecture, e-learning, and higher education, as shown in Figure 2. The 
state of the art has presented the most recent status of remote technology progresses, 
implementations, and applications through many niche studies. This study offers 
insight into discovering the most important publications of the year, how interest in 
such subjects has grown over time, and the most studied topics in the subject area.

Current trends in total publications, as shown in Table 1, indicate that this 
research is expected to receive demand from the engineering and education sectors 
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to establish remote monitoring. Surprisingly, engineering accounts for 53% of total 
publications, led by social science, physics and astronomy, and computer science, 
which each contribute between 27%, 25%, and 22% in the subject field of remote 
monitoring applications.

2.2 Consideration of LABVIEW in remote laboratory application

LABVIEW offers simple interfaces in form of graphical programming through 
Graphical User Interface (GUI) instead of text-based programming. The environ-
ment development of the project with front panel such as controls (known as input) 
to supply information to the VI, indicators (known as output) display the results 
based on the inputs given to the VI and block diagram to comprise of graphical block 
programming that applies data flow concept is known as virtual instruments (VIs).

Figure 1. 
Total publications by year.

Figure 2. 
Top keywords with VOSViewer visualization map.
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Dataflow programming in LABVIEW executes the flow of data through the nodes 
on the block diagram in sequence order. The design of VIs will determine the block dia-
gram structure based on function code, in which data flow through the interconnected 
wires. When all of its inputs are available to execute the function code, it supplies data 
to its output terminals and passes the output data to the next node in the dataflow 
direction. Most other text-based programming languages are executed by a block 
diagram node and adopt a data flow model of programme execution. The execution 
order of a programme is determined by the sequential order of programme elements in 
control flow. All the items on the front panel will appear as terminals on the back panel. 
The virtual Instrument Software Architecture (VISA) is used to interface standard I/O 
for instrumentation programming. To summarize, Figure 3 depicts the key compo-
nents as mentioned above that will be implemented as a remote monitoring system.

Various other studies of remote laboratory applications have been applied, such as 
in the field of physics [3], electronic sensors [4], vibrating beam [5], and rain gauge 
[6]. Previous researchers demonstrated various type of innovation in their remote 
learning. Galan D. et.al [7] have demonstrated the usefulness of conducting remote 
lab experiment for optical levitation that require proper setup to avoid harmful 
effect on the skin and eyes. Abreu P. et.al [8] have demonstrated the feasibility of 

Subject Area TP %

Engineering 501 53%

Social Sciences 252 27%

Physics and Astronomy 232 25%

Computer Science 203 22%

Chemistry 43 5%

Medicine 39 4%

Mathematics 29 3%

Biochemistry, Genetics and Molecular Biology 28 3%

Agricultural and Biological Sciences 24 3%

Materials Science 23 2%

Environmental Science 19 2%

Earth and Planetary Sciences 17 2%

Energy 17 2%

Business, Management and Accounting 13 1%

Chemical Engineering 12 1%

Psychology 10 1%

Arts and Humanities 9 1%

Immunology and Microbiology 8 1%

Neuroscience 5 1%

Pharmacology, Toxicology and Pharmaceutics 5 1%

Veterinary 5 1%

Multidisciplinary 4 0%

Decision Sciences 3 0%

Dentistry 3 0%

Economics, Econometrics and Finance 3 0%

Health Professions 3 0%

Table 1. 
Subject area.
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performing experiments and monitoring pressure parameters of a pneumatic system 
that comprises of valve and pneumatic cylinder. Moreover, other study on robotics 
application have also ventured into remote laboratory application. Such application 
was explored by Angulo I. [9] who successfully replicates actual robotics experiment 
remotely. Based on these literatures, to the best of author knowledge, similar replica-
tion in experimenting a temperature process that simulates industrial lab equipment 
has yet to be developed. The framework replication can be possibly addressed, never-
theless more study is required by considering factors such as number of parameters, 
existing equipment and the system integration with IOT platform. The integration of 
temperature process from the laboratory plant to the user device usually incurs high 
cost when outsourced to third party. Table 2 summarizes the interfacing technique 
and data acquisition system that implemented in the remote monitoring development.

This study mainly targeted on the framework development to integration the 
Arduino-LABVIEW by presenting proof-of-concept implementation of the IOT 
system using Blynk application platform. This work proposed the low-cost interfac-
ing module as alternative, and with the available commercial and open software, 
development could be made relatively easier. Data acquisition with LABVIEW DAQ 
card have been explored to many applications in remote monitoring. However due to 
cost issue, another alternative with lower development cost is preferable. Considering 
Arduino board as cost-effective solution for transforming the system capable to 
perform remote monitoring, thus elevates value to the use of LABVIEW to remain 
relevant. Taking example of remote experimentation framework at low-cost develop-
ment for a temperature process control which can be accessed via student’s mobile 
devices, the interfacing technique to be proposed in this work will benefit other 
researchers as a reference point to design their own data acquisition system in future.

Among all, the low-cost interfacing module have been studied in either for 
standalone or remote applications. Several previous works will present the cur-
rent and latest interfaces used as data acquisition module to integrate between real 
applications to the LABVIEW. For a simple system, mostly adopted Arduino or 
Raspberry Pi boards Arduino is the highest among all.

2.3 Challenges and opportunities to real time execution in remote laboratory

Despite the fact that LABVIEW integration with Arduino demonstrated compat-
ibility and minimizing device costs, the challenge in terms of integration process 
from physical laboratory to remote laboratory remains the most challenging so far, 
without denying that such project implementation is possible. However, interface 
integration between systems can be accomplished successfully with less effort if the 
issue of implementing remote laboratory into functional implementation is under-
stood. The following are examples of such obstacles:

Figure 3. 
General visualization block for software dataflow in remote monitoring.
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Figure 3. 
General visualization block for software dataflow in remote monitoring.
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• Hardware configuration: The development the system, take into consideration 
the hardware that will be used, as this will impact the data flow process. Different 
setup configurations necessitate different initialization settings, necessitating the 
creation of a specific algorithm. To minimize errors, electronic components are 
chosen in such a way that they are configurable and easy to interface with.

Article title Application 
theme

Platform for interfacing hardware

Arduino Raspberry-Pi NI 
related-
DAQ

PLC

Arduino and LabVIEW 
in educational remote 
monitoring applications

Education ● ●

Remote monitoring and 
control of VFD fed three 
phase induction motor with 
PLC and LabVIEW software

● ●

Remote monitoring of BLDC 
motor using LabVIEW and 
zigbee

Healthcare ●

An efficient IoT based 
biomedical health 
monitoring and diagnosing 
system using myRIO

●

Development of a Medical 
Care Terminal for Efficient 
Monitoring of Bedridden 
Subjects

●

Smart multi-level tool for 
remote patient monitoring 
based on a wireless sensor 
network and

Residential ●

IoT application on 
establishing smart home

● ●

Intellisense and remote 
centralized security 
monitoring system for the 
ventilation system in deep 
mining

●

Design and Real Time 
Implementation of 
SmartWater Management 
using LabVIEW and IoT

Agriculture ●

An estimated method of 
visibility for a remote sensing 
system based on LabVIEW 
and Arduino

Energy ●

Solar power remote 
monitoring and controlling 
using Arduino, LabVIEW 
and web browser

●

Remote air quality 
monitoring system by using 
MyRIO-LabVIEW

Environment ● ●

Table 2. 
Summary of remote monitoring system using LABVIEW and interfacing hardware.
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• Complexity of data transfer: Transmission and storage become more expen-
sive, while IoT adds complexity to the process of sending a continuous stream 
of data. These data will eventually affect the storage system.

• Internet connectivity: Since the internet connects the physical laboratory and 
the Blynk application, the laboratory has been enhanced to include the internet 
of things functionality. A connection to the internet allows the user to access 
the laboratory via smartphone or remote processing computer. However, the 
equipment’s reliance on the internet has a downside when access is disrupted, 
or an internet interruption occurs.

As a result of executing the remote laboratory, the targeted programme can 
be further extended to support IR4.0 and be compatible with IOT. The use of 
open-source interfacing device provides advantages in terms of cost effectiveness, 
usability, and rapid prototyping to adjust the device design accustoms to applica-
tions and niche platforms built for particular use cases. This adaptation can increase 
the opportunities for educational institutions to form collaboration networks.

3. Methodology

To read, monitor, and control sensor data, LabVIEW employs a virtual instru-
ment. MyRIO, DAQ , and NI-ELVIS are examples of known hardware interfaces. This 
hardware works on the same principle as the interfaces between the actual plant and the 
LABVIEW programming. Arduino and Raspberry-Pi are two of the most common data 
acquisition devices that support open-source programming by transforming functional 
interfaces into low-cost interface hardware. The use of LABVIEW with open-source 
hardware is gaining popularity due to increased practical implementation, especially 
in remote monitoring applications. The current study can be used as a pilot guide 
for developing a remote laboratory that is similar to an industrial-based temperature 
process. The proposed framework is intended to provide benefits in terms of practical-
ity and cost-effectiveness. The built interface module in the proposed framework will 
provide access to the laboratory experimental setup, is illustrated in Figure 4.

Any experimental parameters or configuration input can be fed into the Arduino 
platform and transmitted to any user’s mobile device connected to the laboratory 
network. The student can use this to remotely manipulate lab parameters and 
evaluate the outcomes without having to be physically present in the laboratory. 
This development’s laboratory experiment involves data acquisition and PID control 
tuning of a modular-based LD-Didactic temperature equipment. A platform for 
reading and transmitting data and control parameters between the user and the 
remote laboratory setup is needed to design the module for this experiment (refer 
Figures 5 and 6). In addition, a user interface for displaying output that is acces-
sible via mobile devices is required. Both temperature process modeling and PID 
controller tuning can be accomplished through algorithm development.

A mechanism for data collection necessitates an array sequence of data collection 
and transmission. When the thermocouple sensor reads the temperature of the oven, 
the input temperature transmits the data to the control unit of the processing computer, 
which is pre-installed with LABVIEW. Furthermore, prior initialization is required to 
establish LINX interconnectivity with a pre-programmed script of Arduino UNO using 
ATmega328P microcontroller operating at 16 MHz clock speed, a 32kB Flash memory, a 
2kB SRAM, six analogue input, six I/O, one UARTs, one I2C, and one SPI. The gateway 
processes the received data and posts aggregated data with timestamp to the Blynk 
cloud. The temperature data are then stored in an 8-bit array and synchronized by 
sending it to the cloud. The current study can be used as a pilot template for establishing 
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platform and transmitted to any user’s mobile device connected to the laboratory 
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remote laboratory setup is needed to design the module for this experiment (refer 
Figures 5 and 6). In addition, a user interface for displaying output that is acces-
sible via mobile devices is required. Both temperature process modeling and PID 
controller tuning can be accomplished through algorithm development.

A mechanism for data collection necessitates an array sequence of data collection 
and transmission. When the thermocouple sensor reads the temperature of the oven, 
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Figure 5. 
LABVIEW’s block diagram interfaces with Arduino module.

Figure 4. 
Block diagram for modular based LD didactic temperature monitoring system and control with IOT.
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a remote experiment between a temperature control plant and a mobile device to 
achieve remote laboratory application. The programming sequence is as follows:

Step 1: Initialize pin and load ESP8266 libraries in Arduino IDE.
Step 2: Setting up the network credentials: SSID and Passkey to establish IOT 

communications.
Step 3: Install NI VISA, VI Package manager
Step 4: Establish connection between Arduino board and LABVIEW. Then 

search for LabVIEW Interface for Arduino -- Firmware -- LIFA_Base. Conduct port 
setting and connect the board with LINX Firmware Wizard.

Step 5: Read temperature measurement and transfer to LINX Firmware Wizard.
Step 6: Transfer local data to cloud.
Step 7: Visualize measured data in Blynk application.

4. Blynk integration of IOT module with open-source hardware

Open-source platform for realizing the remote monitoring applications is 
increased nowadays. To achieve remote capabilities, there is a need to develop a low 
cost and user-friendly interfacing technique, which is suitable for communicat-
ing the physical experimental system and the student’s mobile device in real time, 
realizable through IOT development. Among various options, Blynk application 
which is available with IOS and Android apps is capable to control the open-source 
hardware such as Arduino and Raspberry Pi. The interfaces in digital dashboard for 
IOT interfaces enable centralized data collection and analysis which is beneficial 
for laboratories applications. Even though there is existing IOT based data acquisi-
tion to perform remote monitoring function, however high cost of data acquisition 
device limits the actual implementation. Therefore, the proposed interfaces using 
Blynk application are the best economically available to display the temperature 
receive from this experiment conducted in laboratories.

Online display of data measurements is commonly dedicated for end user which 
accessible with phone or computer. In this case Blynk due to its simplicity of user 
interface programming by simply dragging-and-dropping widgets, network cloud 
can be configured conveniently, and access capability from both smartphone and 
laptop/computer. The best feature is to exploit the laboratory equipment while 
deploying the system away from the real experiment setup which can be monitored 

Figure 6. 
Full LABVIEW’s block diagram to perform interfacing with Arduino and PID control system.
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Figure 7. 
VIs for Arduino-LABVIEW serial read and write.

Figure 8. 
VIs from the front panel of the PID control and monitoring system (1) Arduino-LABVIEW serial read and 
write (2) waveform chart (3) PID setting parameters.
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and controlled from Blynk dashboard. The developed dashboard helps to provide 
better monitoring system with continuous monitoring and advanced data analysis 
which will be conducted later. Data acquisition process using Arduino-LabVIEW 
and IOT system need to be programmed in Arduino Integrated Development 
Environment (IDE) in terms of how to manage data sequence and arranging for data 
transferring process. While data retrieval from either the processing computer or 
plant to serve as data logging functions is controlled by Blynk, it involves the Blynk 
interfaces to be remotely monitored away from the experimental setup with internet 
connectivity. The collected data are made available to remote users in graphical form.

In order to build the data acquisition system with IOT interfaces, Blynk Arduino 
Library is required to install for establishing the firmware in the Arduino. To start 
with, BLYNK application requires to be configured and registered using an email. 
An authentication code with the SSID and the password of the network station is 
created uniquely for each of developed, and thus need to write these details as part 
of programming code. As shown in Figure 7, the design created for remote moni-
toring application to apply in temperature experiment study contains four slider 
widgets to represent the variables used for tuning process and a SuperChart widget 
to display real-time graph (see Figure 8).

5. Real time PID tuning control for LD didactic temperature plant

In addition to the existing control engineering laboratories, integrating an industry-
relevant process with a remote lab has increased the understanding of temperature pro-
cess modeling and tuning scheme. Obtaining accurate temperature control is crucial 
when simulate the PID tuning parameters namely K (proportional gain), Ti (integral 
time) and Td (derivative time). Figure 10 demonstrates the experimental setup of 
the temperature measurement system. The plant contains several modular types of 
thermocouple unit, signal conditioning unit, meter, and processing unit to preinstall 
with LABVIEW. Real-time tests are shown in Figure 11, have revealed that the acquired 
measurement of plant temperature with several PID setting can be observed from the 

Figure 9. 
Blynk interface with widgets configured for remote monitoring.
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produced graph. The result based on the graph which represented from the PID tuning 
demonstrate the working of Blynk application to transfer and receive temperature data 
is acceptable and reliable. Moreover, the alert system was designed to alert when our 
hardware interface disconnects from the Blynk (Figure 9). Thus, IOT interface has 
made possible with the presence of low-cost module. Additionally, this study will also 
provide learning experience in creating a framework to digitize an existing process for 
monitoring purposes.

6. Conclusions

This chapter describes data collection and device integration into IOT applica-
tions for remote monitoring. Coordination of data transfer and aggregate technique 

Figure 10. 
Experimental setup.

Figure 11. 
Simulations results on PID tuning.
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Chapter 4

LabView and Connections with 
Third-Party Hardware
Giuseppe Porzio

Abstract

Data acquisition is a function that plays a fundamental role in the automatic 
supervision and system control, it combine the system (software and hardware) to 
the process to be controlled (real world). The field of application starts from research 
to automation, from industry to home automation, in practice everything that in 
some way must be performed without human supervision. Data acquisition systems 
are mainly used to measure physical phenomena such as: temperature, voltage, 
current, distance and pressure, shock and vibration, and displacement, RPM, angle 
and discrete events, weight. In order to measure it we need a DAQ , Data AcQuisition 
System, in this chapter we propose to use a cheap open source  hardware: Arduino.

Keywords: Arduino, cheapest hardware, wiring code, LabView code,  
producer/consumer, SCADA system

1. Introduction

Data acquisition is a function that has a role of fundamental importance in the 
functions of automatic supervision and control because it relates the system (soft-
ware and hardware architecture) with the process to be controlled (real world). 
The field of application ranges from research to automation, from industry to home 
automation, basically everything that in some way must be performed without 
human supervision.

Data acquisition systems are primarily used to measure physical phenomena 
such as: temperature, voltage, current, strain and pressure, shock and vibration, 
distance and displacement, RPM, angle and discrete events, and weight.

When the engineer is interested in controlling a physical process (light intensity, 
sound analysis, mass measure, position check, velocity, PID control, etc.) his first 
problem is to acquire the right information coming from one or more sensors, in 
some cases we talk about sensor strings or distributed sensors.

The goal is to acquire data that are consistent over time and that correctly 
describe the shaping of the physical process. All this allows both the correct 
processing of data and a fast action on the control system through its actuators 
(motors, LEDs, speakers, etc.).

“Data acquisition” means data exchange in both directions: from the process to 
the system and vice versa. In all control systems the “heart” of the process is the 
data acquisition that plays a main role but at the same time it must be accompa-
nied by a simple and intuitive user interface, the HMI-Human Machine Interface. 
Data acquisition systems are generally referred to by the acronym DAQ (Data 
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Third-Party Hardware
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Abstract

Data acquisition is a function that plays a fundamental role in the automatic 
supervision and system control, it combine the system (software and hardware) to 
the process to be controlled (real world). The field of application starts from research 
to automation, from industry to home automation, in practice everything that in 
some way must be performed without human supervision. Data acquisition systems 
are mainly used to measure physical phenomena such as: temperature, voltage, 
current, distance and pressure, shock and vibration, and displacement, RPM, angle 
and discrete events, weight. In order to measure it we need a DAQ , Data AcQuisition 
System, in this chapter we propose to use a cheap open source  hardware: Arduino.

Keywords: Arduino, cheapest hardware, wiring code, LabView code,  
producer/consumer, SCADA system

1. Introduction

Data acquisition is a function that has a role of fundamental importance in the 
functions of automatic supervision and control because it relates the system (soft-
ware and hardware architecture) with the process to be controlled (real world). 
The field of application ranges from research to automation, from industry to home 
automation, basically everything that in some way must be performed without 
human supervision.

Data acquisition systems are primarily used to measure physical phenomena 
such as: temperature, voltage, current, strain and pressure, shock and vibration, 
distance and displacement, RPM, angle and discrete events, and weight.

When the engineer is interested in controlling a physical process (light intensity, 
sound analysis, mass measure, position check, velocity, PID control, etc.) his first 
problem is to acquire the right information coming from one or more sensors, in 
some cases we talk about sensor strings or distributed sensors.

The goal is to acquire data that are consistent over time and that correctly 
describe the shaping of the physical process. All this allows both the correct 
processing of data and a fast action on the control system through its actuators 
(motors, LEDs, speakers, etc.).

“Data acquisition” means data exchange in both directions: from the process to 
the system and vice versa. In all control systems the “heart” of the process is the 
data acquisition that plays a main role but at the same time it must be accompa-
nied by a simple and intuitive user interface, the HMI-Human Machine Interface. 
Data acquisition systems are generally referred to by the acronym DAQ (Data 
AcQuisition).
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Figure 1 shows the electronic chain to acquire an analog signal. The sensor is the 
device sensitive to the physical feature, the analog-to-digital conversion system, 
and the computer on which the SW architecture for managing the information is 
developed. Both feedback and actuators are missing in this figure as they are not the 
subject of this chapter.

This chapter is designed to be a guide for beginners, programming amateurs 
and students who wish to approach the world of automation with LabView using 
low-cost third-party DAQs such as Arduino.

Arduino is a “machine” capable of working in Stand Alone, it can perform 
simple industrial control tasks.

In a SCADA (Supervisory Control And Data Acquisition) system there is a Master 
and many Slaves. The Master device carries out the configuration, supervision and 
control of the slaves. The slave, a local device very close to the process, is equipped 
with a processor and a system of ports to interface with the sensors and actuators. 
In this chapter we will write some code to have LabView in the role of Master and 
Arduino in the role of Slave.

2. Sensor, filtering and multiplexer

We speak about Data Acquisition process, DAQ , when we refer to the process 
of making measurements of physical phenomena with a PC (tablet, smartphone, 
workstation, etc). The signals, to be processed, are converted from the analog 
domain to the digital domain. Only after the digital acquisition we can process the 
data acquired (recording, visualization, analysis). For this purpose, an A/D (Analog 
to Digital) subsystem is used to convert the signal.

We report, below, some theoretical hints of the components visible in  
Figure 2.

At the sensor output, the electronic chain includes a “signal conditioning 
circuit”, a multiplexer, the sampling circuit and finally the A/D converter.

The measurement of a physical phenomenon, such as temperature, sound 
level, vibration of motion oscillatory, or wind speed, begins with a sensor. A 
sensor is a device that converts the physical phenomenon into a measurable 
electrical signal.

For example, an elevator gets to the floor through the installation of position-
ing sensors; a washing machine is equipped with a sensor that measures the rpm 
of the motor or the water level in the drum; a twilight light; a TV remote control. 
The classic mercury thermometer is also a type of sensor that is used to measure 
temperature. In this case, however, the measure is expressed directly on a gradu-
ated scale readable by man and not by the machine: we speak in this case of human 
readable type sensor.

Figure 1. 
(Acquisition chain) [1].
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The sensors can produce several kind of electrical outputs such as voltage, 
current, resistance, or other electrical characteristics modulated from physical 
phenomenon. When the signal coming from the sensor or from the transmission 
line is noisy or the ground reference is not at 0 volts (as it should) is preferable to 
use an isolation system.

In “signal conditioning circuit” we propose a section with electrical isolation 
that allows the separation of the signal from other electrical sources. This aspect is 
also essential for the measurement of signals with very small amplitude in which 
external electrical potentials can affect the quality of the signal considerably, 
providing incorrect results.

2.1 Signal conditioner

The signal conditioner circuits are designed to process the analog signal from 
the sensors and prepare it to be digitally sampled. The conditioning circuit must 
linearize the sensor output, eliminate electrical interference that adds to the signal 
(so-called “noise”, as shown in Figure 3), and amplify the small signal (mV, μV) to a 
nominal level, to be easily digitized.

2.2 Multiplexing

Multiplexing, on the other hand, is that part of the circuit that allows us to 
expand the inputs of our DAQ , thus using a single conversion line on multiple input 
channels Figure 4.

Figure 2. 
Detail of the complete acquisition scheme.

Figure 3. 
Signal conditioning, filtering and amplification.
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The multiplexer (commonly called MUX) is a selector of data lines (analog or 
digital) able to select different input signals: once selected the channel, the cor-
responding signal is collected and sent on the output line. There are some particu-
larly performing and expensive devices that do not use the MUX but they have a 
 complete acquisition chain for each input.

3. Sampling and coding

3.1 Sample and hold

The S&H system is the circuit part that performs the sampling of the signal 
(sampling phase). Sampling, in signal theory, is a technique that consists in con-
verting a continuous signal in time into a discrete signal, evaluating its amplitude at 
regular time intervals. Therefore, considering that the physical quantity attributed 
to the physical phenomenon varies continuously over time without any interrup-
tion, it is necessary to decide with which time interval to interrogate the sensor in 
order to have meaningful data for our measurement.

From the definition of the sampling interval (Tc) for the scan we derive the 
sampling rate:

 c
c

f
T

=
1  (1)

The effect of the circuit in Figure 5 is to store the analog value taken at a given 
time (sample phase) and keep it constant for as long as it takes the converter to 
perform the conversion (hold phase).

But how fast should the sampling rate be? Clearly it depends on the phenomenon 
we are observing. See two examples below:

1. We want to monitor the temperature of a room to stabilize it at a value of 
Tset ± error. Considering the inertia of the room and the radiators it makes 
sense to acquire the temperature every second i.e. fc = 1 Hz.

Figure 4. 
Example of a 4-input multiplexer.
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Question:

2. How high has to be the sampling rate if we would like to create automatic 
braking for anti-collision car system? Assume that max velocity, for small/
medium sized car, is 180 km/h.

Answer:

 
:3,6

18 5 /0 / 0km h m s⇒  (2)

Let us assume that the control system reacts in such a time that the car still 
travels at maximum for 10 cm (response time).

So, if we make some calculations, the time between one reading and the next 
one of the vision sensor must be less 2 ms. These involves

 cf Hz>500  (3)

The proposed cases are at the antipodes: while in the first one we do not have any 
criticality, in the second one there is a big responsibility due to the need to manage 
the stop of the car before the impact.

In the real world, according to the mathematician J. Fourier, an analogue 
signal can be represented by linear combination of sinusoidal functions (called 
harmonics).

The first harmonic, called fundamental, has the same frequency as the input sig-
nal, while the following harmonics will have a frequency multiple of the fundamental.

The transition from the analogue to the digital domain, therefore discrete, leads 
us to acquire one of these harmonics, of course the first one, therefore a suitable 
sampling frequency will be the key to a good acquisition of the analogue signal, 
preserving its main characteristic, its frequency.

3.2 Sampling theorem (or Nyquist-Shannon theorem)

In order to have a correct sampling (without loss of information) we must to 
choose a correct frequency of sample rate. Supposing that the frequency signal 
(first harmonic) is fmax then Nyquist-Shannon Theorem says that the minimum 
sampling frequency fs, that preserve the frequency information of a original signal, 
should be double of the fmax.

 sf f≥ max2  (4)

If, in addition to the frequency, we would like to storage also the shape of the 
signal we need:

Figure 5. 
S&H circuit and example.
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 sf f≥ max5  (5)

The sampling rate is normally expressed in Sample Rate and the unit of measure 
is number of samples per second [#S/s].

To understand better how the theorem works in the Figure 6 we report a 
sequence of acquiring with several sampling rate. The software used is developed 
for university student’s lectures [2].

Figure 6 shows how the sampling frequency acts. We start with a 440 Hz source 
signal (resonance frequency of a conventional tuning fork) which is visible in the 
first waveform graph of the sequence. In the following sequences the following 
sampling frequencies were used: 440 Hz, 600 Hz, 880 Hz and 2200 Hz.

In the first and second cases the fs is not adequate, in fact we have an under-
sampling. In the third case we have a result that preserves the frequency of the input 
signal. Finally, in the last case, we have reconstructed quite faithfully the profile of 
the original signal.

3.3 Coding

The last sequence in the DAQ chain (Figure 2) consists of the operations 
performed by the A/D converter: quantization and encoding. First we need to 
introduce the concept of signal dynamics. The dynamics of the signal indicates the 
maximum excursion of the signal and, therefore, also the maximum and minimum 
values it can reach, the range of Vin (also defined as the Full Scale value):

 FSV V V= −max min  (6)

(we have assumed a voltage signal)

The input signal, being continuous in time, can by definition take on an infinity 
of values. As well as the sampler has discretized the signal in time (X axis) we now 
need another circuit which discretizes the values of the physical quantity which 
represents the information (Y axis). So the technique is to approximate the value 
acquired in the sampling phase to a discrete value. The number of discrete values 
available for these approximations is given by a very simple calculation. If we 
choose n bit to make a digital conversion then the number of discrete value is 2n.

At this point we have to define the unit of quantization that we call quantum 
or quantization step, that is the smallest approximation interval that we use to 
compare the sampled signal to discretize it.

 [ ] FS
n

VQ V =
2

 (7)

Q is called quantization step. It is possible to assert, at this point, that a higher 
bit number and a smaller VFS interval implies the greater number of intervals 
available. This means that the size of the interval will tend to be an extremely small 
value with increasingly accurate measure.

The simplest coding (commonly used for unipolar signals, i.e. always positive 
ones), natural binary code (straight binary), consists in making each quantization 
interval correspond to a progressive binary number, starting from 0 (corresponding 
to the lowest level) up to 2n-1.
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Figure 6. 
Signal sampled with different fs.
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Figure 6. 
Signal sampled with different fs.
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In Figure 7 we show what we have said, on the X-axis we put the intervals 
between Vmax and Vmin and beside them the bit combinations. The first level consists 
of all bit to zero, so the word 000...00 corresponds to Vmin while the last level is 
given by the word with all ones 111....11 i.e. Vmax.

A different number of resolution bits clearly produces different quantization 
ranges, some data is shown in Figure 8.

Clearly the measurement of Q is affected by error and corresponds precisely to 
Q/2 and is defined as quantization error.

Recapitulate, in order to perform a correct measurement through a DAQ system, 
the following points must be satisfied:

1. Prefer a sensor with a linear response and that the maximum and minimum 
values are compatible with the dynamics of the DAQ;

2. Choose an appropriate sampling rate;

3. Choose an appropriate resolution;

The premises made so far are useful to better understand the code written for the 
Master unit and the slave unit. In this chapter we propose an cheap and open source 
prototyping board for which we will write some code to transform it into a DAQ . 
The proposed board is Arduino UNO rev.3. In the next paragraph, the Arduino 
technology will be presented [3].

Figure 7. 
Quantization and coding.

Figure 8. 
Resolution example.
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4. Arduino UNO rev. 3

Arduino Uno (Figure 9) is a microcontroller board (Italian open source project) 
based on the ATmega328P (resolution @10 bit; input range 0÷5 V). It has 14 digital 
input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 
16 MHz like internal clock (sample rate = ~10 kS/s), a USB high speed connection, 
a power jack 9 Volt input, an ICSP header, reset button and several states LED like 
Tx/Rx serial communication.

It contains all interfaces needed to support the microcontroller and its function-
ality; You can use prototype board with your Uno without worrying about doing 
something wrong, worst case you can replace chip with a new one and start over 
again. The Uno board is the first USB Arduino boards, today are available several 
models of it: with wifi o ethernet, compact or large model, wearable, etc.

Wiring is an open-source programming framework for microcontrollers C/C++  
based.

The developer, under conditions of classical use, writes code for Arduino in 
order to have a “machine” that works in Stand Alone, in Figure 10 is shown his 
working scheme, the code runs on Arduino, through the code reads the sensors and 
produces actions on the physical world. In the next paragraph will be discussed the 
code to transform Arduino from Master to Slave.

The new role of Arduino will be to be used in LabView environment as a real 
data acquisition system (Figure 11).

Figure 9. 
Arduino UNO rev.3.

Figure 10. 
Arduino-stand alone mode.
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Figure 7. 
Quantization and coding.

Figure 8. 
Resolution example.
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4. Arduino UNO rev. 3

Arduino Uno (Figure 9) is a microcontroller board (Italian open source project) 
based on the ATmega328P (resolution @10 bit; input range 0÷5 V). It has 14 digital 
input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 
16 MHz like internal clock (sample rate = ~10 kS/s), a USB high speed connection, 
a power jack 9 Volt input, an ICSP header, reset button and several states LED like 
Tx/Rx serial communication.

It contains all interfaces needed to support the microcontroller and its function-
ality; You can use prototype board with your Uno without worrying about doing 
something wrong, worst case you can replace chip with a new one and start over 
again. The Uno board is the first USB Arduino boards, today are available several 
models of it: with wifi o ethernet, compact or large model, wearable, etc.

Wiring is an open-source programming framework for microcontrollers C/C++  
based.

The developer, under conditions of classical use, writes code for Arduino in 
order to have a “machine” that works in Stand Alone, in Figure 10 is shown his 
working scheme, the code runs on Arduino, through the code reads the sensors and 
produces actions on the physical world. In the next paragraph will be discussed the 
code to transform Arduino from Master to Slave.

The new role of Arduino will be to be used in LabView environment as a real 
data acquisition system (Figure 11).

Figure 9. 
Arduino UNO rev.3.

Figure 10. 
Arduino-stand alone mode.
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4.1 From master to slave

Among of programmer “sketch” is the name that Arduino’s programmer uses 
for a program. It’s of code written in like C, compiled and, then, uploaded on the 
board. After it is possible to run on an Arduino board the code. There are two 
distinct functions available in Arduino sketch: setup() and loop().

The setup() is called once time only at beginning when the sketch goes in run. It’s 
a correct place to make setup tasks like setting pin modes or initializing libraries.

The loop() function is a infinite loop and is heart of most sketches. You need to 
include your algorithm and functions in it.

Normally in the setup() section there is the sequence of instructions to configure 
all the Arduino peripherals and features that will be used in the project such as: 
Analog input, PWM, i2c. In loop(), instead, is written all the control algorithm that 
will be characterized by an infinite loop.

In this paragraph we propose the development of a code from a different per-
spective, Arduino will be used as a DAQ system. So inside the setup() there will be a 
pre-cycle in which the Arduino waits for the USB connection to LabView and waits 
for the ASCII character sequence to configure the Arduino ports as desired.

The ASCII code, we call op-code from now, to send for configuration are print-
able characters, so you can always test the Arduino code from any serial terminal or 
using the serial monitor of the IDE.

For example, to configure the Analog Input channel zero (A0) just send the code 
“a”. Arduino will remain in the setup() section until the master sends the character 
“z” on the serial which will end the setup cycle to execute the code in the loop().

The code proposes a scenario in which analog inputs A0÷A5, DIO pin2 and pin4 
and a PWM channel on pn3 are configurable. Clearly it is possible to extend the 
“offer” by adding other input or output lines. The complete management of a sensor 
through Arduino libraries could also be included.

Regarding the sampling time Ts it is possible to define through the ASCII codes 
A,B,C,D a time delay equal respectively to 100 msec, 10 msec, 1 msec, 500 μsec. If it 
is omitted the acquisition time is 1000 msec.

Figure 11. 
Control hierarchy with LabView-Arduino.
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The code developed in the loop() section collects data from the previ-
ously configured input line ports, maps them to the following format 
#A0#A1#A2#A3#A4#A5$D0$D1 and sends the message continuously to the USB 

Figure 12. 
Code- SerialEvent() and blinking().
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port. The message will contain as many strings as there are lines configured. In the 
syntax #Ai (i = 0…5) the value of Ai corresponds to the decimal decoding of the 
combination of the 10 bits, so there will be 2n combinations. At value 0 will corre-
spond 0 (zero) Volt and at value 1023 will correspond 5 Volt.

WE suggest to the reader to test own system velocity before to set 500 μsec of 
sample rate. Usually, for my experience, it is very rare to follow with a LabView (not 
real time) Loop code that velocity. In case the system is not fast enough, one way of not 
losing data could be the following: change the Arduino’s code to collect the msg (mea-
sured value) in a vector of 100 elements and send it to LabView each 50 msec. You can 
choose different size of vector but you have avoid to saturate the Arduino memory.

The op-code (operation code) we have written does not belong to any standard 
communication protocol. We have invented a sequence of simple ASCIII strings 
to be sent over serial. So the Master will have at his disposal a set of instructions, 
which can be extended by the reader, to change the status of a digital output: 
D0_ON\n, D0_OFF\n, D1_ON\n, D1_OFF\n.

In order to avoid a slowdown loop() for sensors reading, due at continuous 
polling on the receipt of messages from the Master, an event-driven solution has 
been considered.

The reception on the serial line of a request from the Master is triggered by the 
event generated by the chip that manages the USB communication. When a byte 
arrives on RX an event is generated and triggered by a software procedure. When 
this occurs the Master message will be read (Figure 12).

In the end we can send a message to set a Analog output by pin3 in PWM mode.
The Pulse Width Modulation [4], or PWM, is a powerful technique to control 

analogic circuits (applied to a load) using a digital signal. It is a type of digital 
modulation, in particular we speech of pulse width modulation which allows to 
obtain a variable average voltage depending on the ratio between the duration of the 
high pulse and the entire period (duty cycle).

In electronics it is used to change the voltage, and therefore the power, on a 
generic load. For example, to change the speed of a direct current electric motor, 
to vary the brightness of light bulbs, especially LEDs. A useful duty cycle of 0% 
indicates a pulse of zero duration, in practice no signal (Vout = 0 volts), while a value 
of 100% indicates that the pulse ends when the next one begins (Vout = Vcc). To use 

Figure 13. 
PWM example.
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this technique with Arduino is very simple, with the analogWrite (PIN, VALUE) 
function it is possible to modulate the work cycle. The PIN corresponds at PWM 
pins and VALUE is scale from 0 to 255. For example analogWrite (pin, 255) corre-
sponds to a 100% duty cycle and analogWrite (191) is a 75% duty cycle (Figure 13).

4.2 Arduino code

In the following boxes (Figure 15) we’ll show some code that you can use to 
create a communication Master–Slave from LabView and Arduino [5].

In Figure 14 it is possible to understand the functionally of declarations reading 
the comments.

In Figure 15 is possible to verify the setup() code, inside it there are the com-
ments to understand it. The code in Figure 15 has been conceived to be very static 
and the expansion is very simple for the novice programmer. The serial speed 
has been set at 2 * 106 bit/s in order to have the maximum communication speed 
between Arduino and the Master.

The code written in the “WHILE LOOP” could be redesigned to treat  
the Arduino channels dynamically. We want to say that configuration strings 
(like pinMode(4, OUTPUT)) can be sent directly from the MASTER unit. 

Figure 14. 
CODE-variable declaration.
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Figure 16. 
Example code for dynamic configuration.

Figure 15. 
Code-slave mode setup().
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Figure 17. 
Loop() code.
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Figure 17. 
Loop() code.
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 Figure 16 shows a small piece of code that is a good starting point for complet-
ing the dynamic channel configuration.

At this point we show the code about the blinking procedure and the Serial 
events procedure, respectively both in Figure 12.

In the end we report the loop() code, Figure 17. The code is very simple, the 
final message is made-up by concatenating the message in each “if” statement.

5. LabView architecture

In this section we show you the architecture that we use to run LabView code in 
Mater mode. We have chosen the Producer/Consumer Architecture [6].

The Producer/Consumer design pattern (Figure 18) is based on the Master/Slave 
pattern, and is geared towards enhanced data sharing between multiple loops running 
at different rates. The Producer/Consumer pattern is commonly used when acquiring 
multiple sets of data to be processed in order. Suppose you want to write an applica-
tion that accepts data while processing them in the order they were received. Because 
queuing up (producing) this data is much faster than the actual processing (consum-
ing), the Producer/Consumer design pattern is best suited for this application. In our 
project we can set a high sample rate (up to fs = 10 kHz) so in this can we can occur in a 
data loss case. With Producer/Consumer is sure that we are implementing a data loss-
less LabView architecture. But we have considerated also an architecture Event-Driven 
to catch the write instance from LabView vs. Arduino only if asked from the operator.

In Figure 19 we show the front panel developed in LabView [7].

5.1 Front panel

On the left side of front panel are present a several controls to configure the DAQ 
(Arduino in Slave mode) in according with previous paragraphs. Instead on the 
right side we found a control to set the PWM value (analog output) and the digital 
output state. We use Waveform chart like oscilloscope to view the six signal.

Figure 18. 
Event structure in producer/consumer design pattern.
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After defined the configuration you have to send a message at the serial VISA 
communication by the pressing of “SEND CONFIGURATION” button.

After that the cycle Producer/Consumer starts and the sensor reading is shown 
on the Waveform Chart.

5.2 Block diagram

Inside the LabView Code (block diagram) there are three nodes. The first one 
composed by “While Loop” (Figure 20a) that waiting for user’s hardware configu-
ration. In this Loop we create a Boolean array with all hardware instance, at the end 
of the configuration the user pushes the button and send the array to subvi “open 
and configure.vi” (second node). It makes a rights sequence of op-code, open the 
Serial Port communication (in this case com3) and send it at Arduino (Figure 20b). 
During this phase you can observe the blinking LED on Arduino board, this means 
that the configuration message has correctly reached Arduino and it is processing 
the op-code.

From Figure 20b is possible to verify that the serial port velocity  
is 2Mbps.

In this way the communication between Master and Slave does not make 
interference with acquiring. In fact one character, in ASCII encoding (1 byte), 
from Arduino to LabView is sent in 4 μsec. If we would configure all analog inputs 
(6) and all digital inputs (14) the maximum number of characters would be = 6 
prefixes (#) + 6*4 (digits of value among 0÷1023) + 14 prefixes (&) + 14 digital 
states = 58 bytes.

Maximum time to transmit the entire message is 58 Byte * 4 μsec = 232 μsec. 
This time is half of the minimum sampling time set in the code, that is 500 μsec. 
You could also reach 100 μsec of sampling rate that corresponds to 10 kHz of 
sampling frequency, in this case you have to merge the bits of the digital input, 
so it is possible to save 26 bytes but it is not enough. We have to modify the 
syntax of sending analog input values to reach at least 80 μsec of transmission 
time. This modification to the Arduino code we leave to the reader as an  
exercise.

In last one node, Figure 21, we can see the Producer Loop and the Consumer 
Loop. Both are connected by the queue, in queue process we read the Arduino’s 

Figure 19. 
LabView front panel.
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Figure 20. 
First node and second node in block diagram (a and b).
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Figure 21. 
Producer/consumer event-driven LabView CODE.
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Figure 21. 
Producer/consumer event-driven LabView CODE.
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message at maximum frequency and by consumer loop we process the data. The 
Event-Driven statement is configurated with the following events.

5.3 Timeout

The timeout terminal of “Event Structure” is connected, of course, at local 
variable”Ts (Sampling Rate)” in according with sample rate configurated in 
Arduino in node 1. In this “case” we read with “msg read from ARDUINO.vi” the 
Arduino’s message from serial (Figure 22). It is very simple code. The data are 
available on serial port (hardware) and the code read it using a Bytes at Port 
function.

5.4 Analog output [PWM]

in this case we send a message to Arduino by serial port, remember that Arduino 
reads the message with a SerialEvent() function. Here we make a message with a 

Figure 22. 
Block diagram of msg read from ARDUINO.Vi.

Figure 23. 
Analog output [PWM] code.
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word PWM followed with “ANALOG OUTPUT [PWM]” control knob converted in 
ASCII code (Figure 23).

5.5 Pin2 state and Pin4 state

In this “case” (Figure 24) we build the message to send Arduino by serial port 
to change the digital pin state, remember that Arduino reads the message with a 
SerialEvent() function Figure 12.

Now we go back at Figure 21 where we have to talk about the Consumer Loop. 
Through the enqueue function we read the data from the head of the queue with 
the FIFO method (first in first out). If we have not error the data read are processed 
with the subvi “data extraction from Arduino message.vi”.

In Figure 25 there is the screen code. The code scan the message, check if pres-
ent special ID char (#) or (&) and collect the data by indexing it on the loop edge. 
With Conditional indexing we choose where collect the data: Analog Array or 
Digital Array.

The subvi “data extraction from Arduino message.vi” returns the status 
of the digital inputs and the numerical values of the analogue inputs, if 
configured.

To convert the integer values reads from analog ports we need to perform a 
simple conversion. According to what we have studied in the previous paragraphs 
having a 10 bit ADC and a dynamic of 5 volts we obtain:

 [ ] [ ]10

5 V  = 0,00488 V2
 (8)

At this point, in the consumer loop, before displaying the analogue signals on 
the Waveform chart we multiply the output by the value 0.00488.

Figure 24. 
Pin2 & pin4 event.
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 [ ] [ ]10

5 V  = 0,00488 V2
 (8)

At this point, in the consumer loop, before displaying the analogue signals on 
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Figure 24. 
Pin2 & pin4 event.
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Figure 25. 
Data extraction from Arduino message.vi.
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6. Conclusions

In this chapter we have seen one of the many ways of how LabView can be used 
with third parties hardware. The idea is to have an inexpensive tool not for industrial 
use but for High School applications where it is possible with a few euros to set up 
a laboratory for the analysis of an RC/RLC circuit, voltage divider, diode/transistor 
characterization. With a cheap sensors, connected at Analogue inputs, you can prepare 
laboratory experiments such as the pendulum oscillation, spring characterization, 
measurements of angles in uniform angular motion, etc.

In the end you could organize LabView CORE I and CORE II training courses 
in e-learning where the DAQ board is very cheap and easily purchased on the web 
from the students.
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Chapter 5

LabVIEW and Open Embedded 
System
Trinh Quang Duc

Abstract

In this chapter, discussions about the applications based on LabVIEW with a 
typical open embedded system such as Arduino. Instead of the applications with use 
of National Instrument hardware, an user can build an low-cost microcontroller-
based system which user interface and procedure designed in LabVIEW. Recently, 
Arduino-based applications are one of interested developments, the embedded 
system is designed with the low-cost microcontroller of ATMEGA2560 and easy to 
program with IDE (Interface Development Environment). However, the difficulties 
of Arduino-based applications are user interface design while LabVIEW is an excel-
lent utilities for the panel designs. The limitation of some LabVIEW applications is 
the requirements from combination with high performance NI hardwares. Under 
interactions between LabVIEW and IDE library designed by Arduino, the low-cost 
system can be easily built for experiments or prototype designs.

Keywords: LabVIEW Embedded Systems, Biosignal Acquisition, LIFA toolbox, 
LINX toolbox, LabVIEW Arduino Interfaces

1. Introduction

Embedded system requires the interaction between hardware and software 
installed in PC (Personal Computer). Before LabVIEW, a software designed for 
hardware devices seems to be hard work job because of the communication protocols 
are need to be programmed in both hardware device and PC. For instant applications 
which aim to measurement data acquisition for analysis algorithm development or 
process control as well as controller design, the hard work in programming field may 
restrict the destination job. To solve the problem, National Instrument introduced 
LabVIEW as a graphical programming tools with a series of compatible hardware 
devices [1]. This tool has been widely chosen by the non-professional user commu-
nity. The NI hardware communicate with PC through some communication protocol 
such as CAN (Controller Area Network), GPIO (General Purpose Input/Output), 
SPI (Serial Peripheral Interface), PROFIBUS (Process Field Bus), PROFINET 
(Process Field Network) and LIN (Local Interconnect Network), are officially 
equipped with software called driver licensed by National Instrument. The indepen-
dent hardware developments for LabVIEW compatibility, hence, are not easy.

Recently, some multiple purpose low-cost open-source hardware modules 
based-on micro-controller were developed by commercial companies such as 
Arduino [2], NodeMCU [3]. This device connects with PC using USB port and 
transceivers data through a simple embedded program set on the flash memory 
of the micro-controller. With data acquisition and control applications which the 
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discrete sampling as well as response frequency not over than 100 kHz, this device 
will be the considered options for experimental arrangement. Since the first time 
released in 2005 [4], Arduino is used to develop many applications in automation 
systems. However, until 2013, a proposal for LabVIEW interface toolkit as LIFA 
(LabVIEW Interface for Arduino Toolkit) was announced [5] and introduced [6]. 
Another interface named as LINX designed by Digilent [7]. So far, these toolkit is 
widely known for the users using Arduino and Raspberry Pi in LabVIEW applica-
tion for embedded system.

The LabVIEW VI is programmed to communicate with hardware devices though 
a package called NI-VISA [8]. This package provides some interface with commu-
nication protocol such as PXI, GPIB, VXI, Serial, USB. The LabVIEW compatible 
hardware devices has to be set their communication procedures in the flash or ROM 
memory to handshake with the VI program, then, the data can transfer from the 
devices to PC and the command can receive from the PC to the devices. The main 
problems of any embedded system is how to build the communication procedure set 
on the device to match with the communication procedures installed in LabVIEW 
designed by National Instrument. This is solved by some independent projects such 
as LIFA and LINX which the communication procedure is designed.

2. LINX and LIFA and the embedded model

LIFA and LINX are the open-source but their approaches are different. LIFA pro-
vides a base succeed procedures installed in the file named as LabVIEWInterface.h, 
the users, based-on this procedure can program other procedures in the hardware 
devices to control their functions. To use LIFA, beside the graphical programming 
in LabVIEW, the procedure programming for the device firmware is required. On 
the other hands, LINX considers the LabVIEW graphical programming rather than 
the firmware programming, the compatible firmware are designed the loaded to the 
correspondent hardware devices respectively, therefore, with a simple functions, 
the embedded system with LINX is simpler than use of LIFA. Because of that, LINX 
is better error handling but does not flexible to develop functions like LIFA. For 
some unique embedded system, LIFA is preferred than LINX.

Figure 1 show diagram of typical embedded system using LINX and LIFA. 
To use LINX, users should install the package into LabVIEW as a function of the 
LabVIEW and then choose a compatible firmware to load into the hardware flash 

Figure 1. 
The diagram of LINX system (a) and LIFA system (b).
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memory, the diagram shows in Figure 1(a). The LIFA users, instead of uploading 
the firmware as the LINX users do, edit the LIFA codes in IDE software (Integrated 
Development Environment) to function their system then upload to the hardware 
devices. For the graphical programming, both users have to download the packages 
and install them though VIPM (VI Package Manager), then the modules included in 
LINX and LIFA will appear in the menu windows of LabVIEW program. To com-
municate with the hardware devices, the LabVIEW graphical program can use the 
modules of read and write presented in the packages to upload commands to the 
hardware devices or download data to the PC.

Because of the independent projects to National Instrument, both LINX and 
LIFA occurred errors which caused by the compatibility with LabVIEW versions 
especially in LIFA applications, the common errors are 5002 and 5003 represented 
by the lost connection establishment. The LINX applications do not present the 
such errors and contains more various hardware firmware compatible with Arduino 
versions and Rashberry PI as well, however, the setup for sampling frequencies 
for data acquisitions are limited and much depended on the loop LabVIEW cycle. 
Therefore, depending on the requirements of applications, users can choose the 
model of LINX or LIFA for their embedded systems.

There are number of studies used LINX to apply Arduino module for low-cost 
embedded systems such as 3D object reconstruction with 3-axis scanning [9], tem-
perature acquisition and control [10], DC motor control using PID (Proportional 
Integrated Derivative) controller [11], study transient response of RC circuit [12], 
an control the traffic signal [13]. Almost of the studies focused on the process 
control where the objects responses are limited in few milliseconds considering to 
few kilohertz sampling frequency. In the case of requirement for faster sampling 
frequency which has to be set on an optimum code to obtain, because of the fixed 
configuration, the LINX toolbox should not be chosen.

For the real-time applications using Arrduino and LabVIEW, a number of users 
considered LIFA as the toolbox for LabVIEW which toward embedded systems 
based on Arduino. Some typical applications such as a real-time simulation of 
the PV (Photo-Voltaic) panel [14], a ECG 12 leads (ElectroCardioGraphy) signal 
real-time observation [15], a digital stethoscope for body sound signal real-time 
collection [16], a design of real-time battery monitoring [17], Robotic arm real-time 
controller design [18], and a water level observer implementation [19]. Because 
of open source in LIFA and the users have to program the firmware procedures in 
Arduino code, the sampling frequency can be improved. Here is the reason that 
LIFA is preferred for professional users who are requested some skills in program-
ming for hardware device such as micro-processors or micro-controllers.

For the LINX users, after the correspondent firmware chose and uploaded to 
the flash memory of the hardware devices, the graphical programs designed in 
LabVIEW response for all functions of the embedded systems. An example of the 
program is shown in Figure 2 represents a typical analog signal acquisition using 
LINX. To initiate the program, a block named as “Open” addresses the in/out port 
of the connected hardware devices, here, is used of Arduino Uno which the port is 
defined as serial port through USB connection.

As the figure detailed, the block called “Analog Read” collects the signal from 
the channel corresponding to the analog input pin of the Arduino Uno module. 
The signal acquisition procedure is performed in the while loop until users stop it 
through the stop button or an error occurred. When the while loop is stopped, the 
block of “Close” terminate the program procedure. Here, to control the sample 
frequency a block named as “Wait” can be used. When the “Wait” block added with 
a constant or control parameter, the cycle of the while loop is controlled, hence, the 
sampling frequency is handled. Because of the dependency of the while loop cycle 
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memory, the diagram shows in Figure 1(a). The LIFA users, instead of uploading 
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Development Environment) to function their system then upload to the hardware 
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LINX and LIFA will appear in the menu windows of LabVIEW program. To com-
municate with the hardware devices, the LabVIEW graphical program can use the 
modules of read and write presented in the packages to upload commands to the 
hardware devices or download data to the PC.

Because of the independent projects to National Instrument, both LINX and 
LIFA occurred errors which caused by the compatibility with LabVIEW versions 
especially in LIFA applications, the common errors are 5002 and 5003 represented 
by the lost connection establishment. The LINX applications do not present the 
such errors and contains more various hardware firmware compatible with Arduino 
versions and Rashberry PI as well, however, the setup for sampling frequencies 
for data acquisitions are limited and much depended on the loop LabVIEW cycle. 
Therefore, depending on the requirements of applications, users can choose the 
model of LINX or LIFA for their embedded systems.

There are number of studies used LINX to apply Arduino module for low-cost 
embedded systems such as 3D object reconstruction with 3-axis scanning [9], tem-
perature acquisition and control [10], DC motor control using PID (Proportional 
Integrated Derivative) controller [11], study transient response of RC circuit [12], 
an control the traffic signal [13]. Almost of the studies focused on the process 
control where the objects responses are limited in few milliseconds considering to 
few kilohertz sampling frequency. In the case of requirement for faster sampling 
frequency which has to be set on an optimum code to obtain, because of the fixed 
configuration, the LINX toolbox should not be chosen.

For the real-time applications using Arrduino and LabVIEW, a number of users 
considered LIFA as the toolbox for LabVIEW which toward embedded systems 
based on Arduino. Some typical applications such as a real-time simulation of 
the PV (Photo-Voltaic) panel [14], a ECG 12 leads (ElectroCardioGraphy) signal 
real-time observation [15], a digital stethoscope for body sound signal real-time 
collection [16], a design of real-time battery monitoring [17], Robotic arm real-time 
controller design [18], and a water level observer implementation [19]. Because 
of open source in LIFA and the users have to program the firmware procedures in 
Arduino code, the sampling frequency can be improved. Here is the reason that 
LIFA is preferred for professional users who are requested some skills in program-
ming for hardware device such as micro-processors or micro-controllers.

For the LINX users, after the correspondent firmware chose and uploaded to 
the flash memory of the hardware devices, the graphical programs designed in 
LabVIEW response for all functions of the embedded systems. An example of the 
program is shown in Figure 2 represents a typical analog signal acquisition using 
LINX. To initiate the program, a block named as “Open” addresses the in/out port 
of the connected hardware devices, here, is used of Arduino Uno which the port is 
defined as serial port through USB connection.

As the figure detailed, the block called “Analog Read” collects the signal from 
the channel corresponding to the analog input pin of the Arduino Uno module. 
The signal acquisition procedure is performed in the while loop until users stop it 
through the stop button or an error occurred. When the while loop is stopped, the 
block of “Close” terminate the program procedure. Here, to control the sample 
frequency a block named as “Wait” can be used. When the “Wait” block added with 
a constant or control parameter, the cycle of the while loop is controlled, hence, the 
sampling frequency is handled. Because of the dependency of the while loop cycle 
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to the computer system cycle, the sampling frequency in the case of LINX using is 
not stable. Moreover, the hardware sampling frequency is set as constant in LINX 
firmware, therefore the embedded system sampling frequency should be slower 
than the value set in the firmware.

To use the LIFA, the applicants should compile a code through the IDE software. 
The mostly simple code can work with LabVIEW program called “LIFA_Base.
ino” which usually packed in the LIFA package software. The codes are listed in 
Figure 3 below:

where, the syncLV() is a function defined in LabVIEWInterface.h which 
provides a handshaking procedure with LabVIEW NI-VISA port configuration. 
For Arduino hardware devices, the USB port assigned as serial communication is 
used. When the connection with LabVIEW program is synchronized, both loops 
of the LabVIEW program and the Arduino firmware are operated. The loop in the 
Arduino firmware always check the code sent from LabVIEW then run the corre-
spondent procedures otherwise the code of “sampleContinously()” is operated. The 
sampling procedure of the LIFA firmware requires a sampling frequency parameter 
to control the sampling cycle. Therefore, for the LabVIEW program, the users can 
completely control the sampling time which is one of the significant parameters for 
embedded systems especially in discrete control and data acquisition.

Figure 4 shows a typical acquisition LabVIEW program. The connection process 
initiated by the block called“Init”. Throughout the initialization procedure, the 
parameters include baud rate, communication, Arduino board type, communica-
tion protocol, and data packet sized should be configured. When the connection 
is successful established, the analog signal is read via an analog input pin with 

Figure 2. 
Diagram of a typical acquisition LabVIEW program using LINX.

Figure 3. 
The codes written in LIFA_Base.Ino file.
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the block of “Analog Read”, then, the converted numerical data collected through 
the block named as “Continuous Acquisition” located on the Arduino menu in the 
popup programming menu. The data acquisition procedure requests parameters 
such as “samples to read” and “sample rate” to collect data with a certain sampling 
cycle and a pack of samples. The collected data is used to display with a graph panel 
called “Waveform Graph” originated in LabVIEW software. The data acquisition is 
stopped by the block named as “Close” to release the PC memory.

Unlike the procedure using LINX, the data acquisition program using LIFA does 
not depend on the loop cycle in PC since the sampling frequency is configured to 
the Arduino board and with requirement of each issues, the sampling time can be 
adjusted appropriately. However, the users have to code the program for hardware 
device to adapt with the LabVIEW program. Beside the hardware coding skills, the 
compatibility of LIFA firmware with LabVIEW is also a problem. With each version 
of LabVIEW software, some LIFA package version has bugs errors of connection 
such as 5002 and 5003 but this errors does not occurred while use of another LIFA 
package version. Therefore, the user should test their program with some LIFA 
package version to complete the embedded system.

3. Examples in signal processing

One of the application categories in use of embedded system is digital signal 
processing. The embedded system with numerical processes is much convenient 
than the analog or hardware process even if the low response time in the numerical 
system. LabVIEW is one of the options for embedded system development. The 
integration of LabVIEW program with hardware devices such as Arduino is great 
deal to reduce the cost. In this section, there are two examples are introduced: ECG 
signal processing and body sound signal processing.

ECG signal is a biomedical signal used to diagnose pathology related to cardio-
vascular disease. A simple ECG measurement system is designed with 3 leads placed 
on to human limbs to observe flutter wave and detect the complex waves include P, 
Q , R, S, T. To obtain the spatial signal of a heart, the electrodes should be placed on 
the chest with 6 leads assigned from v1 to v6. Here, with 4 electrode placed on all 
limbs, the 12 leads ECG measurement system is built. The 10 electrodes are used to 
monitor 12 signal of a cardiovascular system from the limbs to heart.

The low-cost hardware design for 12 leads ECG measurement based on Arduino 
Uno was reported [15]. To obtain the signal for storage and analysis, the signal 
is numerical converted and transferred to PC with software. For convenience, 
LabVIEW programming software was chosen. Because of the low spectrum range 
of ECG signal (0 to 100 Hz), the required sampling frequency is also low as well. 
The amplitude of ECG signal is weak (millivolts level), to observe the signal the 

Figure 4. 
Diagram of a typical LabVIEW program using LIFA.
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system. LabVIEW is one of the options for embedded system development. The 
integration of LabVIEW program with hardware devices such as Arduino is great 
deal to reduce the cost. In this section, there are two examples are introduced: ECG 
signal processing and body sound signal processing.

ECG signal is a biomedical signal used to diagnose pathology related to cardio-
vascular disease. A simple ECG measurement system is designed with 3 leads placed 
on to human limbs to observe flutter wave and detect the complex waves include P, 
Q , R, S, T. To obtain the spatial signal of a heart, the electrodes should be placed on 
the chest with 6 leads assigned from v1 to v6. Here, with 4 electrode placed on all 
limbs, the 12 leads ECG measurement system is built. The 10 electrodes are used to 
monitor 12 signal of a cardiovascular system from the limbs to heart.

The low-cost hardware design for 12 leads ECG measurement based on Arduino 
Uno was reported [15]. To obtain the signal for storage and analysis, the signal 
is numerical converted and transferred to PC with software. For convenience, 
LabVIEW programming software was chosen. Because of the low spectrum range 
of ECG signal (0 to 100 Hz), the required sampling frequency is also low as well. 
The amplitude of ECG signal is weak (millivolts level), to observe the signal the 

Figure 4. 
Diagram of a typical LabVIEW program using LIFA.
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Figure 6. 
The LabVIEW analog read program for 12 leads ECG measurement.

amplitude have to be amplified with gain ranged from 30 dB to 40 dB, therefore, 
the ECG signal is contaminated with a number of the gained electromagnetic noises 
in the spectrum range.

To reduce the electromagnetic noises as well as increase SNR (signal-to-noise 
ratio) of the signal, beside the analog filters [15], digital filters is also considered 
since the difficulties of analog high-order filters design. After the signal purifica-
tion, the wave of signal should be displayed then stored in PC. Therefore, the func-
tion diagram of a LabVIEW program contains signal acquisition, filtering, display, 
and storing. To compare the filtered signal and the raw signal, two waveform graph 
panel are used. The diagram has shown in Figure 5.

As Figure 5 presented, the data is transferred to the data acquisition block and 
displayed in a graph plotting as well as filtered by the signal filtering. After the noise 
reduction processes, the filtered data is displayed and then stored in PC storage. 
Because of the low sampling frequency requirement, the LabVIEW-Arduino Uno 
interface can be chosen as LINX. By use of LINX package, the sampling cycle can 
adjusted through the “wait” block in LabVIEW to limited the while loop cycle. 
Typically, with the spectrum range of ECG signal, the maximum frequency reaches 
to 100 Hz, hence, the minimum sampling frequency should be 200 Hz as the 
Nyquist criteria requirement. However, the enlargement of sampling frequency 
provides better frequency resolution under frequency analysis.

The 12 leads ECG system contains 8 channels, includes V1 to V6, lead I and 
lead III. Figure 6 shows the analog read program which was built with LINX and 
LabVIEW The data acquired through a block called “Analog Read N Channels”, this 
block enable to read multiple channels simultaneously. Because the sampling cycle 
of the embedded system depends on the LabVIEW while loop cycle, therefore the 

Figure 5. 
Function diagram of the LabVIEW ECG signal acquisition.
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sampling time is set via “Time Delay” block. For this development, the sampling 
cycle is set with value of 0.003 seconds, corresponding to sampling frequency of 
334 Hz approximately. The setting of the sampling cycle is shown in Figure 7.

Because of the multi channels reading, the data is packed in to a 1D array. To 
separate the data in each channel, a block named as “Index Array” was used. With 
each indexed number, a correspondent numerical value is extracted to an indicator. 
Based on the extracting in multi loops, the numerical values is arranged as a data 
1D array which can be used to plot the raw data of each channel. The extraction 
program is indicated in Figure 8. Here, because the data indexed from 0, the chan-
nel number of 0 to 7 is assigned to extract the data of correspondent channels. The 
lead indicator named as the analog input pin corresponding to the electrode of the 
hardware device.

To reduce the noises from the collected data, a bandpass Butterworth filter 
was used. The noises contain both DC (Directed Current) components and AC 
(Alternative Current). In a signal waveform, AC components are the significant 
information that the observer can use for analysis. To eliminate the DC components 
in the ECG signal, a highpass filter with zero-close cut-off frequency should be 
addressed. To maximize the spectrum range, the zero-close cut-off frequency is 
chosen as 0.05 Hz while the high cut-off frequency of the low-pass filter is located 
at 100 Hz. The combination of the low-pass and the high-pass filter is the band-pass 
filter with the passed frequency range of 0.05 Hz to 100 Hz. The filter LabVIEW 
diagram is shown in Figure 9. Since the narrow range from stop frequency to cut-
off frequency requests pitched edge, the filter order should be high. For this ECG 
spectrum range, the order of the band-pass filter is set as 6.

LabVIEW waveform graph block plots a waveform with 1D data typically in 
a linear variation of counted number of sample index. Therefore, the waveform 

Figure 7. 
The sampling cycle setting time with “time delay” block.

Figure 8. 
The multi-channels data extraction program.
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sampling time is set via “Time Delay” block. For this development, the sampling 
cycle is set with value of 0.003 seconds, corresponding to sampling frequency of 
334 Hz approximately. The setting of the sampling cycle is shown in Figure 7.

Because of the multi channels reading, the data is packed in to a 1D array. To 
separate the data in each channel, a block named as “Index Array” was used. With 
each indexed number, a correspondent numerical value is extracted to an indicator. 
Based on the extracting in multi loops, the numerical values is arranged as a data 
1D array which can be used to plot the raw data of each channel. The extraction 
program is indicated in Figure 8. Here, because the data indexed from 0, the chan-
nel number of 0 to 7 is assigned to extract the data of correspondent channels. The 
lead indicator named as the analog input pin corresponding to the electrode of the 
hardware device.

To reduce the noises from the collected data, a bandpass Butterworth filter 
was used. The noises contain both DC (Directed Current) components and AC 
(Alternative Current). In a signal waveform, AC components are the significant 
information that the observer can use for analysis. To eliminate the DC components 
in the ECG signal, a highpass filter with zero-close cut-off frequency should be 
addressed. To maximize the spectrum range, the zero-close cut-off frequency is 
chosen as 0.05 Hz while the high cut-off frequency of the low-pass filter is located 
at 100 Hz. The combination of the low-pass and the high-pass filter is the band-pass 
filter with the passed frequency range of 0.05 Hz to 100 Hz. The filter LabVIEW 
diagram is shown in Figure 9. Since the narrow range from stop frequency to cut-
off frequency requests pitched edge, the filter order should be high. For this ECG 
spectrum range, the order of the band-pass filter is set as 6.

LabVIEW waveform graph block plots a waveform with 1D data typically in 
a linear variation of counted number of sample index. Therefore, the waveform 

Figure 7. 
The sampling cycle setting time with “time delay” block.

Figure 8. 
The multi-channels data extraction program.
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cannot be observed in the time-domain precisely. To indicate the graphs ampli-
tude distribution in time-domain, the real-time clock can be combined with the 
ECG numerical data to be 2D data array, this process so called waveform build-
ing. Based-on the waveform building, the data plotted in a graph panel named as 
“Waveform Chart” in multiple channels display. The diagram of waveform building 
of amplitude data and real-time clock combination has shown in Figure 10 while 
the array of the such 8 channel is presented in Figure 11.

The function of data storing can be designed with “creat file” block in “File I/O” 
menu. However, the data acquisition and file create in the same “while loop” may 
delayed the cycle of the loop. Therefore a structure Producer-Consumer which 
allow the parallel jobs; independent loops. By the structure, the received data in the 
first loop is enqueue then transmitted to the second loop named as dequeue and 
queue for data obtaining. The procedure is shown in Figure 12. With such program 
structure, the obtained data can be stored parallelly with the data acquisition 

Figure 10. 
The waveform building of a single channel amplitude data with the correspondent real-time clock data.

Figure 11. 
The waveform building of 8 channels with amplitude and real-time clock data combination.

Figure 9. 
LabVIEW diagram of the signal filtering program.
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procedure with the jobs of signal filtering, waveform building, graph plotting. This 
structure is also used in the case of that the variable need to be processed in multi 
loop arranged in the same program with synchronization requirement.

Another approach for data acquisition system with precise sampling frequency 
is LabVIEW applications with LIFA package. For LIFA users, as above discussion, 
the compatibility with each LabVIEW version should be checked since the NI-VISA 
of each LabVIEW version does not support for all LIFA packages, causing to error 
connection. Eventhough, the embedded system development community with 
LabVIEW still prefers LIFA because of simplicity and precision. With a requirement 
of fast sampling frequency, LINX might not be satisfied. In the second example, the 
observed objects are body sounds which their spectrum ranged in 0 to 20 kHz, the 
maximum frequency is much higher oscillation than the ECG signal. To observe 
the whole spectrum, at least, the minimum sampling frequency should be set at 
44 kHz to satisfied Nyquist criteria. A test with this parameter based-on LINX 
application resulted the instability of the sampling frequency.

To obtain experiments of embedded systems collecting the body sound data 
such as heart sound and lung sound, a wide range stethoscope was designed [20]. 
The body sound is transduced to electromagnetic wave then converted to numerical 
data by Arduino board and read by a LabVIEW program. Instead of LINX, LIFA 
is used in this development. Similarly to the procedure has shown in Figure 4, the 

Figure 12. 
The producer-consumer structure program for data storing.

Figure 13. 
The LabVIEW body sound data acquisition based on LIFA applications.
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LabVIEW still prefers LIFA because of simplicity and precision. With a requirement 
of fast sampling frequency, LINX might not be satisfied. In the second example, the 
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maximum frequency is much higher oscillation than the ECG signal. To observe 
the whole spectrum, at least, the minimum sampling frequency should be set at 
44 kHz to satisfied Nyquist criteria. A test with this parameter based-on LINX 
application resulted the instability of the sampling frequency.

To obtain experiments of embedded systems collecting the body sound data 
such as heart sound and lung sound, a wide range stethoscope was designed [20]. 
The body sound is transduced to electromagnetic wave then converted to numerical 
data by Arduino board and read by a LabVIEW program. Instead of LINX, LIFA 
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LabVIEW data acquisition program based-on LIFA is shown in Figure 13, where 
the block of “Analog read pin” is located outside of the while loop to avoid the 
replication of the setup pin mode for each cycles. Here, the sampling frequency can 
directly input to the “control” block as 88 kHz to satisfy the requirement of whole 
spectrum range observation. For the compatibility, this experiment was check with 
all current LIFA package with LabVIEW 2018 sp1. The result suggested that the 
package of 1.3.0.26 is great deal for this development without any errors.

Because of the conversion from the acoustic wave to the electromagnetic wave, 
the signal is contaminated with electromagnetic wave noises, hence, the noises 
should be reduced to enhance the SNR for the observation. To ensure the noise 
minimization, the digital band-pass filter is applied with cut-off frequencies are 
set at 5 Hz for low frequency cut and 35 kHz for high frequency cut, respectively. 
This block is different to the “Butterworth band-pass filter” which used in ECG 
acquisition system that the order of the filters are calculated based on the cut-off 
frequency and stop frequency parameters. The procedure application is much 
easier than the use of the filter block such as above Butterworth configuration. This 
block is packed in the toolkit named as “Digital Filter Design Toolkit”. The filtering 
procedure diagram is shown in Figure 14.

During the sound data acquisition, beside the storage for future use, the sound 
as well as the quality can be checked directly by the hearing of users. To reconstruct 
the acoustic oscillation, the data conversed from the discrete format to analog wave 
through 24 bit DAC (Digital to Analog Conversion) sound card integrated in PC. The 
signal generates the body sound with a speaker with built-in amplifier. The func-
tional procedure is shown in Figure 15, where the sound amplitude possibly adjusted 
with a digital amplifier called as “Set Volume” and generated to the output phone jack 
through the block of “write”. Both blocks are located in Graphics and Sound menu.

Both applications based-on use of LINX and LIFA are introduced for examples 
to visualize the low-cost embedded system design with Arduino and LabVIEW. 

Figure 14. 
The filter applying to the body sound signal in the LabVIEW program.

Figure 15. 
The program with function of direct sound regenerating.
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Even if the current drawback of the toolboxes are available, the development still 
can be solved in certain circumstances. With the experiment conditions and by the 
demonstration, these developments suggest another applications which toward the 
embedded system building without the traditional NI hardware devices. However, 
these development still need more work to complete the issues since the bug and 
error may occurred in some unknown conditions.

4. Another approaches

Beside Arduino boards, there are many commercial products are still developing 
such as Raspberry pi for remote access network or IoT (Internet of Things) system, 
chipKit for function enhancement, ESP8266 for wifi applications. Recently, to open 
a change for mobile AI (Artificial Intelligent) system, NVIDIA company released 
Jetson nanno kit which specified with quad-core CPU and 128-core GPU. Almost of 
current embedded hardware devices use USB connection with asynchronous commu-
nication protocol for data exchange. This means with the definition of NI-VISA which 
support for the hardware using USB port, the commands and the data can be full-
duplex transferred between PC and the embedded hardware devices. The require-
ment for LabVIEW interface can be solved through firmware library programming.

In the case of large amount of logic components integration required such as 
parallel filters, numerical array convolution, the embedded system FPGA-based 
(Field Programmable Gate Array) with LabVIEW can be considered. Unlike the 
LabVIEW interface package such as LINX and LIFA, the FPGA-based embed-
ded system has to be originated by NI hardware devices or use of other hardware 
compatible with NI-myRIO platform. With the optimization of logic circuit with 
specified functions or procedure, the fast response of the FPGA-based embedded 
systems possibly satisfy the real-time requirement. An example of such application 
was reported in 2010 with real-time response for DC motor controller design [21].

The advantage of LabVIEW embedded systems that is the enriched update of 
libraries and block module in each version which support for data processing such 
as signal processing, image processing, network routing, control system, computer 
vision, IoT, and more. In large scale system level, when the real-time characteristics 
is required, the distributed system with multiple computers network possibly the 
solution. Therefore, for the LabVIEW embedded system in the near future, a trend 
of functionalizing hardware device is potential development. With the standardiza-
tion of the data transfer protocol, the computer peripheral design based on embed-
ded system will focus on the firmware and software design rather than the hardware 
design as before.

With the development of the operating system for smart devices such as 
Android and iOS, NI LabVIEW also provide a solution that the smart devices users 
can observe acquired data and control system objects distantly through a service 
called WebVI, which means the embedded systems in the future can be observed 
and control through smart devices such as smartphone, tablet when they are 
connected to internet, an IoT solution of LabVIEW application development [22]. 
Based-on this enhancement, the category of applications toward IoT system can be 
widely developed in the near future.

5. Conclusions

In this chapter, embedded systems based-on LabVIEW applications with 
low-cost hardware devices are introduced and discussed. For the application 
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developments, the topic of LabVIEW interface with hardware device is focused 
with use of LIFA and LINX package. The similarity and the difference between 
both interface package is also discussed and analyzed. To visualize the embedded 
system design process LabVIEW-based, two experiments in data acquisition and 
signal processing with use of LINX and LIFA package were introduced as well. 
LIFA package provide the simplicity in use but remain the problem of compatibility 
with each LabVIEW version while LINX package is wide range of hardware devices 
support but some significant characteristics are very difficult to configure. To adapt 
with a number of modern smart devices currently, LabVIEW also open a service to 
support IoT application category. This support promises the potential development 
in the near future.
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developments, the topic of LabVIEW interface with hardware device is focused 
with use of LIFA and LINX package. The similarity and the difference between 
both interface package is also discussed and analyzed. To visualize the embedded 
system design process LabVIEW-based, two experiments in data acquisition and 
signal processing with use of LINX and LIFA package were introduced as well. 
LIFA package provide the simplicity in use but remain the problem of compatibility 
with each LabVIEW version while LINX package is wide range of hardware devices 
support but some significant characteristics are very difficult to configure. To adapt 
with a number of modern smart devices currently, LabVIEW also open a service to 
support IoT application category. This support promises the potential development 
in the near future.
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Abstract

The LabVIEW platform with graphical programming environment, will 
help to integrate the human machine interface controller with the software like 
MATLAB, Python etc. This platform plays the vital role in many pioneering areas 
like speech signal processing, bio medical signals like Electrocardiogram (ECG) and 
Electroencephalogram (EEG) processing, fault analysis in analog electronic cir-
cuits, Cognitive Radio(CR), Software Defined Radio (SDR), flexible and wearable 
electronics. Nowadays most engineering colleges redesign their laboratory curricula 
for the students to enhance the potential inclusion of remote based laboratory to 
facilitate and encourage the students to access the laboratory anywhere and any-
time. This would help every young learner to bolster their innovation, if the labora-
tory environment is within the reach of their hand. LabVIEW is widely recognized 
for its flexibility and adaptability. Due to the versatile nature of LabVIEW in the 
Input- Output systems, it has find its broad applications in integrated systems. It 
can provide a smart assistance to deaf and dumb people for interpreting the sign 
language by gesture recognition using flex sensors, monitor the health condition 
of elderly people by predicting the abnormalities in the heart beat through remote 
access, and identify the stage of breast cancer from the Computed tomography 
(CT) and Magnetic resonance imaging (MRI) scans using image processing 
techniques. In this chapter, the previous work of authors who have extensively 
incorporated LabVIEW in the field of electronics and communication are discussed 
in detail.

Keywords: speech signal, embedded systems, robotics

1. Introduction

The recognition and processing of speech signal plays a key role in any real 
time implementation. The plethora of approaches has been followed to analyze 
the continuous speech spectrum namely Perceptual Linear Prediction (PLP) 
statistical approach, Relative Spectral (RASTA) method, Mel-frequency cepstral 
analysis (MFCC), hidden Markov models (HMM), artificial neural networks 
(ANN), etc. The speech signal processing can be further enhanced by filtering 
out the noisy environments using single channel or multi-channel methods. 
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Radek et al., [1, 2] have incorporated the multi-channel methods using least 
mean square algorithm (LMS) and independent component analysis (ICA) to 
provide the mathematical calculations to avoid additive noise in speech signal. 
For smart home implementation, the LabVIEW SW tool is used for visualization, 
speech recognition, virtual cable connection to the sound card, and the actual 
mathematical calculations within additive noise canceling. The speech recogni-
tion engine will provide communication between LabVIEW and the recognizer. 
Its function is to convert input command into stream of text outputs. The output 
will be compared with the recognized command and the appropriate command 
will be given to ON/OFF the devices like Fan, Television, Washing Machine, 
Vacuum Cleaner, Dish Washer, etc. in the home. The Virtual Audio Cable  
(VA – Cable) is a software used for communicating between the devices using  
the audio streams.

LabVIEW is capable of executing/implementing many parallel loops on FPGA 
and real-time controllers by using a set of complex math functions. To make it 
more powerful, it has been integrated with LabVIEW SoftMotion Module and 
Kollmorgen AKD drives and motors to control the smart machines in all aspects. 
It also helps in the maintenance of smart machines after their deployment in the 
world by implementing centralized resource management, diagnostics, and remote 
updates [3].

2. Speech signal processing

The speech recognition and processing are playing a vital role in various indus-
tries including data acquisition, hands-free mobile manufacture for physically 
challenged, instrumentation field and machine control. For implementing the 
speech recognition system in LabVIEW platform, the prerequisites include sound 
card, microphone and other accessories related to the hardware PC/Mobile. In the 
design of intelligent voice system using LabVIEW [4], Virtual Instrument (VI) can 
be incorporated to simplify the process of Voice Recognition Technology (VRT). 
It has been enriched with the features of graphical-based programming, digital 
data stream and simplified programming model to involve the audio front panel. 
Even though speech signal of different people may have similar power spectrum, 
the low frequency band will differ uniquely for each and every user. Therefore, 
after recording the voice it can be analyzed with the help of sound acquisition 
module in LabVIEW [4]. Once speech signal is received from the microphone, it 
is preprocessed and filtered before adding the Hamming window to calculate the 
power spectrum of each user. From the power spectrum, low frequency peaks 
can be obtained in order to identify the voice characteristics of individual user. 
Using Labview PSD module peak frequency is extracted from the spectrum of 
voice signal.
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The design can be divided into training and recognition. In the training phase 
each user’s voice is acquired from the input speech device, such as microphone. 
LabVIEW stores the sound as a waveform arrays. Each waveform in the array 
represents one channel. Therefore, for stereophonic system two waveform elements 
will be present in an array. Since each channel plays simultaneously in the stereo 
system, and the data will be represented in the form of Pulse Code Modulation 
(PCM). In the pulse code modulated data, each element in an array will be pro-
portional to the pitch or intensity of the signal. Each array will be arranged from 
minimum to maximum with zero as centered. If the array data type is of 16-bit or 
32-bit signed integer, then the values will range from 0 to 65536 for 16-bit which 
will be centered at 32768 similarly from 0 to 4,294,967,296 for 32-bit will be cen-
tered at 2,147,483,648. A buffer of elements each with the value of zero (32768–16 
bit, 2,147,483,648–32 bit) represents silence. The recommended hardware for sound 
and vibration measurement in the category of high performance model includes NI 
4461 and NI 4462, high density model includes NI 4495, NI 4496, and NI 4498, low 
cost model includes NI 4472 and NI 4474 and portable/compact model includes NI 
9233, NI 9234, NI 4432 and NI 4431. Using the sound acquisition module the voice 
signal will be read through PC sound card. The power spectrum will be obtained 
through hamming window and after identifying the low frequency peaks template 
for each and every user will be stored in the module. In the recognition phase, the 
voice of any user can be taken and it will be compared with the template frequency 
band to verify the identity of concerned person.

3. Labview for embedded systems

LabVIEW, an easier graphical programming environment than GUI based appli-
cation development platforms like Visual Basic and Visual C++. The conventional 
instrumentation does not perform analysis and controlling of multiple signals at the 
same time but LabVIEW with Virtual Instrumentation will do so. The main advan-
tage of LabVIEW is that it can be used for PC-based monitoring and data logging.

The latest processors that have been used for the embedded system design are 
ARM microcontrollers. LabVIEW has a comprehensive graphical development 
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environment module for ARM microcontrollers. This has been jointly developed by 
Keil - An ARM Company and NI instruments for Embedded System design applica-
tions. This module will reduce the development cost and fasten the programming 
part for Embedded System Design. This module includes hundreds of analysis and 
signal processing functions, integrated I/O, and an interactive debugging interface 
[5]. These advantages of LabVIEW pays a path for its usage in embedded applica-
tions for controlling. There are many case studies for such kinds of applications.

The photovoltaic panel emulator can be designed using LabVIEW interfaces 
to identify the characteristics of electrical parameters of PV panel. In the model 
designed by Gurkan et al. [6], four PV panels has been monitored with the help of PV 
panel emulator and electronic potentiometer. All the panels and modules has been 
connected to the ATMEGA2560 main control unit. Because of the flexibility and 
enriched features, LabVIEW is incorporated to provide communication between PC 
and the main control unit. The serial communication port COMPORT in LabVIEW 
will be used to send array of strings to and from PC and PV panels. Using the 
LabVIEW specific interface can be designed to observe the electrical characteristics 
of PV panel in real time by adjusting the resistance values of electrical potentiometer.

A smart turf harvesting machine (ProSlap 155) has been designed using a 
CompactRIO controller by FireFly in 2014. The CompactRIO has been used as 
hardware for the machine and LabVIEW used as software. To perform the paral-
lel operations, the FireFly has combined traditional fluid power systems with a 
servo-electric system on the machine using the LabVIEW and CompactRIO. The 
LabVIEW has been used to program 80 different sensors and 100 digital outputs 
of the hardware and provide a secure Internet gateway to remotely monitor and 
control the turf harvester. The ProSlap 155 turf harvester increases the harvesting 
speed to 20% and reduces the fuel consumption up to 50% and this increases farm 
productivity [7].

LabVIEW is one of the best software used in the production process control 
system applications. It has been used to remotely control the Crude Oil Separator 
in Crude oil industries. Wireless connectivity through TCP/IP protocol has been 
established between the LabVIEW and the PIC microcontroller for controlling and 
automation of crude oil separators. It has used to control the pressure and level of a 
Gas and Liquids in the crude oil separator (Figure 1) [8].

Figure 1. 
System Block Diagram of Crude Oil Separator.
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LabVIEW is also used to control a device. In this case study, the LabVIEW is 
used to control the speed of the DC motor based on the temperature in the devices 
like CPU, Air Conditioner, etc. The temperature sensor is used to measure the 
temperature in the environment of the system. The DC motor is connected with  
the Arduino board. The board will send the PWM output to control the speed of the 
motor. The duty cycle of the PWM output is decided by the LabVIEW based on 
the temperature value from the sensor. As the temperature varies, the speed of the 
motor will also be varied (Figure 2) [9].

4. Applications of LabVIEW in robotics and VLSI

Present world is looking for high throughput fast processing system with 
features that meets ideal specifications. As we know, a system complexity increases 
consequently the system hardware and software must be complicated to attain the 
desired target within the time specification. As we are going through the era of 
artificial intelligence and machine learning so that it is necessary to add technologi-
cal improvements in our system designs to compete with latest market trends. In the 
field of robotics, software and hardware have equal responsibility and functionality 
to attain the accuracy while take part in a certain action. In order to create a stable 
perfect system, the designer can choose graphical based design rather than conven-
tional system design.

LabVIEW can easily use as a flexible environment for the robotic design. 
LabVIEW is a development environment that will provide flexibility for auto-
mated product design validation and monitoring of a machine status. Here the 
designer can use the language “G” for the system coding and drag and drop option 
of appropriate functional blocks will generate a working system according to the 
specifications.

Industrial machine builders [10] are forced to deliver machines that meets 
several demands. It is necessary to hold their unique position in the respective field 
with respect to the competitors. LabVIEW is mainly used for building a graphical 
user interfaces for systems and also it is utilizing inherent parallelism for instru-
mentation, control system and robotics. If the designers are looking for a simple 
design in the hardware and software LabVIEW is the best option for that. Robotic 
arm control mechanism needs more accuracy to work in the fields such as of 
medical electronics and chemical industry. The processor will run according to the 
program coded using lab view and the processor will generate the control signals to 
control and monitor the movement of robotic arm.

Figure 2. 
System Block Diagram.
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like CPU, Air Conditioner, etc. The temperature sensor is used to measure the 
temperature in the environment of the system. The DC motor is connected with  
the Arduino board. The board will send the PWM output to control the speed of the 
motor. The duty cycle of the PWM output is decided by the LabVIEW based on 
the temperature value from the sensor. As the temperature varies, the speed of the 
motor will also be varied (Figure 2) [9].

4. Applications of LabVIEW in robotics and VLSI

Present world is looking for high throughput fast processing system with 
features that meets ideal specifications. As we know, a system complexity increases 
consequently the system hardware and software must be complicated to attain the 
desired target within the time specification. As we are going through the era of 
artificial intelligence and machine learning so that it is necessary to add technologi-
cal improvements in our system designs to compete with latest market trends. In the 
field of robotics, software and hardware have equal responsibility and functionality 
to attain the accuracy while take part in a certain action. In order to create a stable 
perfect system, the designer can choose graphical based design rather than conven-
tional system design.

LabVIEW can easily use as a flexible environment for the robotic design. 
LabVIEW is a development environment that will provide flexibility for auto-
mated product design validation and monitoring of a machine status. Here the 
designer can use the language “G” for the system coding and drag and drop option 
of appropriate functional blocks will generate a working system according to the 
specifications.

Industrial machine builders [10] are forced to deliver machines that meets 
several demands. It is necessary to hold their unique position in the respective field 
with respect to the competitors. LabVIEW is mainly used for building a graphical 
user interfaces for systems and also it is utilizing inherent parallelism for instru-
mentation, control system and robotics. If the designers are looking for a simple 
design in the hardware and software LabVIEW is the best option for that. Robotic 
arm control mechanism needs more accuracy to work in the fields such as of 
medical electronics and chemical industry. The processor will run according to the 
program coded using lab view and the processor will generate the control signals to 
control and monitor the movement of robotic arm.

Figure 2. 
System Block Diagram.
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LabVIEW is applicable for standalone as well as moving system design. 
Wherever the application of a mixed system comes then the design complexity will 
increase and monitoring will be more complicated. Here the graphical user interface 
[11] will be more useful to control the action of the system and its programming.

5. Medical applications

Jung et al. [12], integrated the flexible multimodal sensor based E-Skin which 
will mimic the skin in human beings. The sensors like temperature, pressure, flow 
and humidity everything has been included to create the characteristics of human 
skin. To measure the varying resistance in the hair sensor they customized the PC- 
Controlled Servomotor LabVIEW Tower Pro SG 90 and PC-recordable acquisition 
board NI USB-6218. The E-Skin plays vital role in soft electronics to enhance the 
Human-Machine Interface (HMI) for analyzing the ECG, EMG and other param-
eters. The wearable and flexible electronics [13] paves the way for comfort in using 
these devices.

6. Education

Many real time remote –based laboratory models have been constructed to help 
the students in schools and higher education institutions to perform the research 
and gain the knowledge from their own location itself. Several laboratories includ-
ing the light sensing experiment designed by Singh et al. [14] using LabVIEW, LDR 
and LM35 sensor, the phasor estimation algorithm using NI ELVIS kit designed 
by Mondal et al. [15], operational process monitoring application using SHRIMP 
VL application, analog electronics experiment using “RedPitaya” [16] etc. The 
LabVIEW has been effectively and efficiently included in many studies in litera-
ture to enhance and boost the research community. Polat et al. [17], designed the 
Distance Vocation Education and Traning D-VET to monitor the lighting levels of 
LED lamps in remote laboratory with the help of PID controller, Sensor, Actuator, 
NI-IMAQ software and CompactRIO DAQ .

Azenova et al. [18] designed an e-learning course for second year industrial stu-
dents under the category of laboratory experiments in electronics. The LabVIEW 
is incorporated in the Goodyear e-learning model they have adopted for imple-
menting to their students. The basic laboratory experiments like clipper, clamper, 
inverting and non-inverting amplifier, summing and differential amplifier were 
simulated with the help of virtual instruments front panel in LabVIEW.

7. Miscellaneous applications

The fault detection in analog circuit can be easily analyzed with the help of 
LabVIEW interfaces using deep forest learning method. Zhen et al. [19] have 
designed the fault diagnosis scheme with the Waveform generator Agilent 33250, 
Data acquisition module NI 1042q, LabVIEW, Digital oscilloscope Agilent 54853 
along with power supply and testing circuit. The outputs of testing circuit are col-
lected by data acquisition module and stored in the LabVIEW and used for further 
diagnosis.

For assessing the quality of water to ensure the living of aquatic species like 
fishes in a healthy environment. Othman et al. [20], proposed a system using the 
sensors to measure the pH level and temperature of the water in the tank. The data 
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collected from the sensors are given to the Data Acquisition System (DAQ ) NI 
myRIO-1900. Then the data will be analyzed periodically in the workstation to 
ensure the safety of aquatic animals. The interface between DAQ and workstation 
is created with the help of LabVIEW software. The temperature and pH measure-
ments are displayed in the front panel of LabVIEW.

Ahmed et al. [21] discussed the implementation of LabVIEW software to control 
the FESTO MPS PA compact workstations as part of remote laboratory. In the paper 
they designed the Easyport USB data acquisition card based on activeX elements 
to interface with LabVIEW and control the applications in Fluid Lab. To obtain the 
real time information from the Sensors and actuators of MPS-PA station various 
VI were included. To incorporate remote monitoring web server of LabVIEW is 
required. With the help of the VI the user can adjust the parameters of Controller 
and with help of IP camera and web server the MPS PA compact workstation can be 
monitored remotely. Proportional-Integral-Derivative (PID) and ON/OFF control-
lers these two experiments as part of laboratory course were implemented using the 
system designed by Ahmed et al.

Mikhoylov et al. [22] aimed to monitor the specific content from the broadcast 
channels using the help of Cognitive Radio (CR). For the real time data analytics, par-
ticular subset of channels from the selective frequency range will be chosen and the 
significant information in the subset will be relayed for monitoring in the remotely 
using the VI from LabVIEW. For monitoring Software Defined Radio (SDR) technol-
ogy USRP 2900/2901 and LabVIEW were utilized in the design. The key factor in 
the application is to either receive & process or transmit the subset of signals in the 
digitized format with the help of the packages available in the LabVIEW.

8. Conclusion

The applications of LabVIEW in electronics and communication field has 
been presented in this chapter. The role of LabVIEW in Speech signal processing, 
Photovoltaic cell emulator, Fault diagnosis scheme, Cognitive radio signal analysis, 
FESTO workstation control, Water tank surveillance, Embedded system like the 
Crude Oil Separator, smart turf harvesting machine and robotics applications were 
discussed briefly. The demonstration and exploration of laboratory courses for 
school and college students are in reach of hand because of the interface provided 
by the LabVIEW and source of the Internet.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



LabVIEW - A Flexible Environment for Modeling and Daily Laboratory Use

122

LabVIEW is applicable for standalone as well as moving system design. 
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increase and monitoring will be more complicated. Here the graphical user interface 
[11] will be more useful to control the action of the system and its programming.

5. Medical applications

Jung et al. [12], integrated the flexible multimodal sensor based E-Skin which 
will mimic the skin in human beings. The sensors like temperature, pressure, flow 
and humidity everything has been included to create the characteristics of human 
skin. To measure the varying resistance in the hair sensor they customized the PC- 
Controlled Servomotor LabVIEW Tower Pro SG 90 and PC-recordable acquisition 
board NI USB-6218. The E-Skin plays vital role in soft electronics to enhance the 
Human-Machine Interface (HMI) for analyzing the ECG, EMG and other param-
eters. The wearable and flexible electronics [13] paves the way for comfort in using 
these devices.

6. Education

Many real time remote –based laboratory models have been constructed to help 
the students in schools and higher education institutions to perform the research 
and gain the knowledge from their own location itself. Several laboratories includ-
ing the light sensing experiment designed by Singh et al. [14] using LabVIEW, LDR 
and LM35 sensor, the phasor estimation algorithm using NI ELVIS kit designed 
by Mondal et al. [15], operational process monitoring application using SHRIMP 
VL application, analog electronics experiment using “RedPitaya” [16] etc. The 
LabVIEW has been effectively and efficiently included in many studies in litera-
ture to enhance and boost the research community. Polat et al. [17], designed the 
Distance Vocation Education and Traning D-VET to monitor the lighting levels of 
LED lamps in remote laboratory with the help of PID controller, Sensor, Actuator, 
NI-IMAQ software and CompactRIO DAQ .

Azenova et al. [18] designed an e-learning course for second year industrial stu-
dents under the category of laboratory experiments in electronics. The LabVIEW 
is incorporated in the Goodyear e-learning model they have adopted for imple-
menting to their students. The basic laboratory experiments like clipper, clamper, 
inverting and non-inverting amplifier, summing and differential amplifier were 
simulated with the help of virtual instruments front panel in LabVIEW.

7. Miscellaneous applications

The fault detection in analog circuit can be easily analyzed with the help of 
LabVIEW interfaces using deep forest learning method. Zhen et al. [19] have 
designed the fault diagnosis scheme with the Waveform generator Agilent 33250, 
Data acquisition module NI 1042q, LabVIEW, Digital oscilloscope Agilent 54853 
along with power supply and testing circuit. The outputs of testing circuit are col-
lected by data acquisition module and stored in the LabVIEW and used for further 
diagnosis.

For assessing the quality of water to ensure the living of aquatic species like 
fishes in a healthy environment. Othman et al. [20], proposed a system using the 
sensors to measure the pH level and temperature of the water in the tank. The data 
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collected from the sensors are given to the Data Acquisition System (DAQ ) NI 
myRIO-1900. Then the data will be analyzed periodically in the workstation to 
ensure the safety of aquatic animals. The interface between DAQ and workstation 
is created with the help of LabVIEW software. The temperature and pH measure-
ments are displayed in the front panel of LabVIEW.

Ahmed et al. [21] discussed the implementation of LabVIEW software to control 
the FESTO MPS PA compact workstations as part of remote laboratory. In the paper 
they designed the Easyport USB data acquisition card based on activeX elements 
to interface with LabVIEW and control the applications in Fluid Lab. To obtain the 
real time information from the Sensors and actuators of MPS-PA station various 
VI were included. To incorporate remote monitoring web server of LabVIEW is 
required. With the help of the VI the user can adjust the parameters of Controller 
and with help of IP camera and web server the MPS PA compact workstation can be 
monitored remotely. Proportional-Integral-Derivative (PID) and ON/OFF control-
lers these two experiments as part of laboratory course were implemented using the 
system designed by Ahmed et al.

Mikhoylov et al. [22] aimed to monitor the specific content from the broadcast 
channels using the help of Cognitive Radio (CR). For the real time data analytics, par-
ticular subset of channels from the selective frequency range will be chosen and the 
significant information in the subset will be relayed for monitoring in the remotely 
using the VI from LabVIEW. For monitoring Software Defined Radio (SDR) technol-
ogy USRP 2900/2901 and LabVIEW were utilized in the design. The key factor in 
the application is to either receive & process or transmit the subset of signals in the 
digitized format with the help of the packages available in the LabVIEW.

8. Conclusion

The applications of LabVIEW in electronics and communication field has 
been presented in this chapter. The role of LabVIEW in Speech signal processing, 
Photovoltaic cell emulator, Fault diagnosis scheme, Cognitive radio signal analysis, 
FESTO workstation control, Water tank surveillance, Embedded system like the 
Crude Oil Separator, smart turf harvesting machine and robotics applications were 
discussed briefly. The demonstration and exploration of laboratory courses for 
school and college students are in reach of hand because of the interface provided 
by the LabVIEW and source of the Internet.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
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by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
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Chapter 7

Advanced Modeling of Single
Degree of Freedom System for
Earthquake Ground Motion Using
LabVIEW Software
R.B. Malathy, Govardhan Bhat and U.K. Dewangan

Abstract

In this paper, the structural responses at discrete time steps are evaluated to
understand the linear dynamics characteristics of a structural system using
LabVIEW (Laboratory Virtual Instrument Engineering Workbench) tool. Time
History Analysis (THA) which is an essential procedure to design a reliable struc-
ture when the structure is subjected to dynamic loading is taken into consideration
for the study. Direct integration method was used to find out the dynamic response
of the structure as it is applicable for both linear as well as nonlinear range. Block
diagram that perform step-by-step integration to analyze the linear single degree of
freedom (SDOF) system has been prepared in LabVIEW. The processing of data is
carried out till the equilibrium is satisfied at all discrete time points within the
interval of solution instead of any time t. Different ground motion time histories
were considered for THA and responses of the SDOF system are evaluated. The
results from LabVIEW were validated and the accuracy of the algorithms generated
are discussed. It is observed that the accuracy and stability of the final solution
depends on the variation of displacement, velocity and acceleration that is assumed
in each step. Thus, LabVIEW workbench can therefore be recognized as an effec-
tive instrument in structural engineering owing to its fast sampling features.

Keywords: LabVIEW, central difference method, wilson-θ method, SDOF system,
time history analysis

1. Introduction

With the rapid development of hardware and software technology for personal
computers (PCs), it is simple to effectively incorporate PCs in various precise
measurement and complex control applications.VI (Virtual Instrumentation) has
evolved into a thorough quest that encompasses the whole field of computer-based
instrumentation leading to the large reduction of hardware. The LabVIEW (Labo-
ratory Virtual Instrumentation Engineering Workbench) can be interfaced with
several hardware, such as data acquisition cards, instrument control, and industrial
automation [1]. LabVIEW is a platform and development environment for system
design that focused on the framework of data flow programming. It enables the user
to build programs with graphics rather than text code. It performs many applica-
tions, such as data acquisition, data interpretation, signal detection, signal
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processing, control and monitoring. It also simulates the vibration testing and
vibration signal processing. It is an important technique that makes it easy to detect
internal damage to the structure. Therefore, it is shown to be the prevailing instru-
ment in the study of the dynamic behavior of structures which had become a major
concern of mechanical, civil and aerospace engineers. To better understand the
dynamic behavior, it is essential to know the modal parameters of the structure, i.e.
its natural frequencies, mode shapes and damping ratios. The precise identification
of these parameters can be made through the use of robust and reliable methods
that belong to the field of research known as modal analysis [2].

There are different causes of vibration, such as continuous force, degradation,
resonance, etc. The response of it can be understood through various control actions
such as manual, automatic, sine wave generation and square wave generation on the
structure. The preventive measures on the structure may be taken through analysis
and monitoring of vibration signal by two processes. When the variation of force
with time is known, the variation of response is formulated in time domain. This is
referred to as time-domain analysis and this former signal analysis can be used to
evaluate the response of any linear SDOF system to any arbitrary input. Sometimes,
the force function is random and it is not possible to determine its frequency.
Moreover, it may have a variable frequency over its duration and hence it is then
convenient to perform the analysis in frequency domain. The frequency domain
approach is also conceptually similar to the Fourier analysis procedure. However, to
apply the periodic load technique to arbitrary loading, it is necessary to extend the
Fourier series concept to the representation of non-periodic functions. Various
researches are made in recent years to apprehend the dynamic behavior of the
structure using virtual instrument engineering workbench. Sura et al., [3] analyzed
the cantilever beam using the virtual instrument in which free vibrations were
induced and measured in the beam. The results in the form of modal frequency
were obtained for the cantilever beam which was properly fixed and he concluded
that the theoretically calculated natural frequency and the experimentally calcu-
lated natural frequency are almost the same. Yao et al. [4] built a virtual earthquake
simulation system instrumentation and stated that the design concept of LabVIEW
is more user-friendly and efficient than others. Hu [5], describes the development
of modal recognition computing tools and long-term dynamic monitoring in the
LabVIEW framework. These consist mainly of two independent functional toolkits
known as Structural Modal Identification (SMI) and Continuous Monitoring
(CSMI) respectively. It involves checking the latest output measurements, identi-
fying the maximum vibration amplitudes and performing statistical time series on
acceleration. It generates waveform plots to represent the distribution of the fre-
quency component and modal parameter based on automated Enhanced Frequency
Domain Decomposition (EFDD) technique. An attempt is made to expand hands-
on activity-based educational module through the integration of PASCO models,
LabVIEW, NI hardware, sensors, and MATLAB software. Despite some existing
limitations, the results successfully showed that this structure worked precisely and
stably, producing good output data. It was proved as a potential tool for structural
dynamics as well as Structural Health Monitoring (SHM) education and also study
in which, each case of damaged structure had a distinctive property [6]. Ugo
Andreaus [7] studied the experimental dynamic response of a base-isolated SDOF
oscillator and formulated numerical model excited by a harmonic base acceleration
using LabVIEW. The behavior of the system was well understood as the numerical
simulation in LabVIEW platform efficiently agreed with the experimental
investigation.

In this context of the study, an attempt is being made to propose program for
time integration method in LabVIEW to predict the changes in displacement,
velocity and acceleration for SDOF model for earthquake excitations. The versions
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of these expressions can be used for damaged structures, if the damage parameters
are known. The expressions are integrated into an algorithm [8]; priory developed
for Time History Analysis (THA) of structures and are analyzed here in case of
central difference method and Wilson-θ method.

2. Description of the THA method

There are many numerical integration methods available to evaluate the approxi-
mate solution of equation of motions. There are two basic characteristics of these
methods firstly, the differential equations of these methods are satisfied only at
discrete time intervals Δt and secondly, a variation in displacement, velocity and
acceleration is assumed within each time interval Δt [9]. Causevic et al., [10]
discussed about non-linear dynamic time-history analysis; non-linear static method
(Euro code 8); non-linear static procedure NSP (FEMA 356) and improved capacity
spectrum method CSM (FEMA 440). An eight-storey reinforced concrete frame
building is analyzed as the research subject. It is evident that neither of static pro-
cedures takes into consideration the damage which can be significant for long dura-
tion earthquakes. The author thus concluded that the non-linear THA was the most
accurate method. Lestuzzi et al., [11] discussed about the selection of real ground
motion records by considering the response of single-degree-of-freedom (SDOF)
system with bilinear hysteretic model. The findings from this study are very limited,
i.e., they are applicable only for building structures that can be modeled as a SDOF
system. The response parameters considered are maximum displacement and ductil-
ity of the SDOF system. The study csoncludes the following points: 1.While selecting
the real records of THA, the spectral acceleration records that matches with the
design spectrum has to be chosen. 2. The period has to be kept as T0 or in a range
between T0 and the period corresponding to the secant stiffness. It is observed that
the mathematical computation of these methods is difficult and is time consuming
and hence a requirement for alternate and efficient platform is needed.

Thus, the concept of nonlinear behavior of structures and the importance of Time
history analysis (THA) is more important even though it’s a century old concept.
Although the linear elastic analysis and the design methods are well established,
nonlinear inelastic analysis and their application to design are still evolving. The
answer for the question, “Why do we need a nonlinear analysis?” lies in the fact that
under extreme probable loading like earthquake; it is no longer advisable to keep the
structure elastic due to the reason of yielding in structural components. Thus, a
nonlinear analysis requires a clear understanding of the stress–strain curves of all the
materials used in the structure, its inelastic behavior, failure criteria of the compo-
nents, the capacity of its in failure modes and also the nonlinear analysis techniques.
In case a single degree of freedom (SDOF) system or a multi degree of freedom
(MDOF) system is subjected to a random acceleration time history, it is very difficult
to solve the differential equation using the basic principle of calculus. The direct
integration methods or step-by-step integration methods are used for the solutions of
such problems. A very small time step Δt, is chosen and the solution is obtained from
one step to the next step leading to the linear interpolation of the forces. The expres-
sion at time step (t + h) may be entirely in term of quantities at time step t or both at
time step t and (t + h) which gives rise to two types of algorithm: explicit algorithm
and implicit algorithm. In the former, the expressions at time step (t + h) are in terms
of time step t only, whereas, in the latter, the expressions at time step (t + h) are in
terms of t and (t + h). The solutions using the explicit algorithm are as easy as
compared to those using the implicit algorithm.

Hence an attempt is being made to make LabVIEW programs for the widely
used explicit and implicit algorithm. A brief overview of these approaches is given,
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followed by programming in LabVIEW platform and their validation through
examples. Li [12] stated that Finite difference method optimizes the approximation
for the differential operator in the central node of the considered space and provides
numerical solutions to differential equations. It is noticed that the results of the
central difference method approximation show a significant improvement in the
accuracy along the smooth region. He also concluded that it is possible to test the
function f (x) at values on the left and right of x, to obtain an optimal two-point
approximation which includes abscissas that are symmetrically chosen on both sides
of x. The advantage of this approach is that, its convergence speed is higher than
some other finite differentiating methods, such as forward and backward differenti-
ation. Similarly another method developed by E L Wilson for unconditionally stable
linear acceleration method is Wilson θ method. This method is based on the
assumption that acceleration varies linearly over an extended time step δt = θδt [13].
Wilson-θ method is highly stable numerically as it converges rapidly to a meaningful
solution. In our study, earthquake-induced ground motions of El Centro (1940) and
Loma Prieta (1989) earthquake data are fed as input to the SDOF system. Seismic
responses considered were in the form of acceleration, velocity, displacement and
force and the application example considered was SDOF system. The accuracy which
means the chosen numerical methods should converges the exact solution in terms of
amplitude accuracy or amplitude decay or period accuracy or period decay was
carried out in the workbench. The ground motions records were obtained from the
PEER Strong Motion Database (http://peer.berke ley.edu/smcat /) [14].

3. Methodology

In the explicit method the response at time tn+1 is known in terms of known
variables at time tn. Thus the response values displacement, velocity and accelera-
tion can be determined directly. Whereas, in implicit method, the response at time
tn+1 is known in terms of the known variables at time tn and unknown variables at
time tn+1. These implicit algorithms involve either an iterative scheme or solution of
linear simultaneous equations because the unknown quantities appear on both sides
of the equations.

3.1 Central difference method

This method is based on the finite difference approximation of the time deriva-
tive of displacement, that is, velocity and acceleration [9].

An equation of motion for an SDOF system is given as:

m:€uþ c: _uþ k:u ¼ Ft (1)

m = Mass, c = Damping, k = Stiffness, €u = Acceleration, _u = Velocity,
u = Displacement, Ft = Force.
Initial acceleration is given as,

€uo ¼
�m:Δ€ug � c: _uo � k:uo

m
(2)

Initial displacement at i-1th time step

ui�1 ¼ u0 þ Δt _uoð Þ þ Δtð Þ2
2

€uo (3)
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Incremental Stiffness for the ith time step,

ki ¼ m

Δtð Þ2 þ
c

2:Δt
(4)

Incremental force for ith time step,

Fi ¼ �m:€ug � a:ui�1 � b:ui (5)

Where, a and b are constants and given as

a ¼ m
2:β

þ γ:c
β
, b ¼ m

2:β
þ Δt:

γ

2:β
� 1

� �
c (6)

Displacement for i + 1th time step,

uiþ1 ¼ Fi

ki
(7)

Velocity for ith time step,

_ui ¼ uiþ1 � ui�1

2Δt
(8)

Acceleration for ith time step,

€u ¼ uiþ1 � 2:ui � ui�1

Δtð Þ2 (9)

3.2 Algorithm

Step 1: Initial displacement and velocity are known as initial conditions of the
problem at time t = 0.

Step 2: Damping c and stiffness k are computed from the system properties.
Step 3: Acceleration at time t = 0 is computed from Eq. (2).
Step 4: Compute equivalent stiffness kifrom Eq. (4).
Step 5: For time step i, compute equivalent force Fi from Eq. (5).
Step 6: Compute constants a and b from Eq. (6).
Step 7: Solve for new displacement uiþ1 from Eq. (7).
Step 8: Compute velocity and acceleration at time step i from Eq. (2) and (3).
Step 9: Repeat Steps 6 to 8 for the next time step.

3.3 Programs developed in LabVIEW for central difference method

A visual block diagram which describes the data flow within the VI is presented
in the form algorithm in LabVIEW. LabVIEW accepted the input, and the algorithm
was sampled and programmed through appropriate interfaces in accordance with
the specification of VI, and the output data was collected. In our software, data such
as damping, mass and time period were provided as an input and displacement,
velocity and acceleration plot was obtained for the time history data (i.e. it can
function as an analog to digital converter). Owing to the sheer quantity and sim-
plicity of the different built-in functions, the data was thus manipulated in a wide
range of forms as shown in Figure 1.

133

Advanced Modeling of Single Degree of Freedom System for Earthquake Ground Motion Using…
DOI: http://dx.doi.org/10.5772/intechopen.96341



followed by programming in LabVIEW platform and their validation through
examples. Li [12] stated that Finite difference method optimizes the approximation
for the differential operator in the central node of the considered space and provides
numerical solutions to differential equations. It is noticed that the results of the
central difference method approximation show a significant improvement in the
accuracy along the smooth region. He also concluded that it is possible to test the
function f (x) at values on the left and right of x, to obtain an optimal two-point
approximation which includes abscissas that are symmetrically chosen on both sides
of x. The advantage of this approach is that, its convergence speed is higher than
some other finite differentiating methods, such as forward and backward differenti-
ation. Similarly another method developed by E L Wilson for unconditionally stable
linear acceleration method is Wilson θ method. This method is based on the
assumption that acceleration varies linearly over an extended time step δt = θδt [13].
Wilson-θ method is highly stable numerically as it converges rapidly to a meaningful
solution. In our study, earthquake-induced ground motions of El Centro (1940) and
Loma Prieta (1989) earthquake data are fed as input to the SDOF system. Seismic
responses considered were in the form of acceleration, velocity, displacement and
force and the application example considered was SDOF system. The accuracy which
means the chosen numerical methods should converges the exact solution in terms of
amplitude accuracy or amplitude decay or period accuracy or period decay was
carried out in the workbench. The ground motions records were obtained from the
PEER Strong Motion Database (http://peer.berke ley.edu/smcat /) [14].

3. Methodology

In the explicit method the response at time tn+1 is known in terms of known
variables at time tn. Thus the response values displacement, velocity and accelera-
tion can be determined directly. Whereas, in implicit method, the response at time
tn+1 is known in terms of the known variables at time tn and unknown variables at
time tn+1. These implicit algorithms involve either an iterative scheme or solution of
linear simultaneous equations because the unknown quantities appear on both sides
of the equations.

3.1 Central difference method

This method is based on the finite difference approximation of the time deriva-
tive of displacement, that is, velocity and acceleration [9].

An equation of motion for an SDOF system is given as:

m:€uþ c: _uþ k:u ¼ Ft (1)

m = Mass, c = Damping, k = Stiffness, €u = Acceleration, _u = Velocity,
u = Displacement, Ft = Force.
Initial acceleration is given as,

€uo ¼
�m:Δ€ug � c: _uo � k:uo

m
(2)

Initial displacement at i-1th time step

ui�1 ¼ u0 þ Δt _uoð Þ þ Δtð Þ2
2

€uo (3)

132

LabVIEW - A Flexible Environment for Modeling and Daily Laboratory Use

Incremental Stiffness for the ith time step,

ki ¼ m

Δtð Þ2 þ
c

2:Δt
(4)

Incremental force for ith time step,

Fi ¼ �m:€ug � a:ui�1 � b:ui (5)

Where, a and b are constants and given as

a ¼ m
2:β

þ γ:c
β
, b ¼ m

2:β
þ Δt:

γ

2:β
� 1

� �
c (6)

Displacement for i + 1th time step,

uiþ1 ¼ Fi

ki
(7)

Velocity for ith time step,

_ui ¼ uiþ1 � ui�1

2Δt
(8)

Acceleration for ith time step,

€u ¼ uiþ1 � 2:ui � ui�1

Δtð Þ2 (9)

3.2 Algorithm

Step 1: Initial displacement and velocity are known as initial conditions of the
problem at time t = 0.

Step 2: Damping c and stiffness k are computed from the system properties.
Step 3: Acceleration at time t = 0 is computed from Eq. (2).
Step 4: Compute equivalent stiffness kifrom Eq. (4).
Step 5: For time step i, compute equivalent force Fi from Eq. (5).
Step 6: Compute constants a and b from Eq. (6).
Step 7: Solve for new displacement uiþ1 from Eq. (7).
Step 8: Compute velocity and acceleration at time step i from Eq. (2) and (3).
Step 9: Repeat Steps 6 to 8 for the next time step.

3.3 Programs developed in LabVIEW for central difference method

A visual block diagram which describes the data flow within the VI is presented
in the form algorithm in LabVIEW. LabVIEW accepted the input, and the algorithm
was sampled and programmed through appropriate interfaces in accordance with
the specification of VI, and the output data was collected. In our software, data such
as damping, mass and time period were provided as an input and displacement,
velocity and acceleration plot was obtained for the time history data (i.e. it can
function as an analog to digital converter). Owing to the sheer quantity and sim-
plicity of the different built-in functions, the data was thus manipulated in a wide
range of forms as shown in Figure 1.

133

Advanced Modeling of Single Degree of Freedom System for Earthquake Ground Motion Using…
DOI: http://dx.doi.org/10.5772/intechopen.96341



3.4 Wilson-θ method, linear SDOF system

The incremental equation of equilibrium known as Wilson-θ method is devel-
oped by Prof.E.L.Wilson, University of California, and Berkeley [9]. The calcula-
tions are carried out over an extended time step θΔt, where θ is an amplifier for the
time step. It assumes that the variation of acceleration over the extended time step
remains unchanged, that is, it is still the same as that of the original time step Δt, a
linear variation.

An equation of motion for an SDOF system is given as:

m:€uþ c: _uþ k:u ¼ Ft (10)

m = Mass, c = Damping, k = Stiffness, €u = Acceleration, _u = Velocity,
u = Displacement, Ft = Force.
Initial acceleration is given as,

€uo ¼
�m:Δ€ug � c: _uo � k:uo

m
(11)

Incremental force for ith time step,

δFi ¼ θ �m:Δ€ug
� �þ a: _ui þ b:€ui (12)

Where, a and b are constants and given as

a ¼ 6:m
q:Δt

þ 3c, b ¼ q:Δt:c
2

þ 3:m

Tangent Stiffness for ith time step,

kt ¼ ki þ 3:c
θ:Δt

þ 6:m

θ Δtð Þ2 (13)

Solve for δu for ith time step,

δui ¼ δFi

kt
(14)

Figure 1.
Block diagram of central difference method in LabVIEW.
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Solve for δ€u for ith time step,

δ€ui ¼ 6:δui
θ:Δtð Þ2 �

6: _u
θ:Δt

� 3€ui (15)

Incremental Acceleration is given as

€ui ¼ δ€ui
kt

(16)
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be calculated,

Incremental velocity,
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(17)

Incremental displacement,
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At time ti+1 displacement, velocity and acceleration can be calculated as

uiþ1 ¼ ui þ Δui
_uiþ1 ¼ _ui þ Δ _ui
€uiþ1 ¼ €ui þ Δ€ui

(19)

3.5 Algorithm

Step 1: Compute kt:
Step 2: Calculate uiþ1, _uiþ1, €uiþ1 using the Eqs. (15), (17) and (18).
Step3: Update c and k.
Step 4: Repeat steps 1 to 3.
It should be noted that in thismethod, k and c are assumed to remain constant during

the extended time step and are updated at the end of the real-time incrementΔt.θ ¼ 1
leads to the linear accelerationmethod. It is recommended that θ is taken>1.37 [15].

3.6 Programs developed in LabVIEW

The block diagram given below shows all the features that are expressed in VIs.
The input signal was simulated at the first step. This was accomplished by

Figure 2.
Block diagram of wilson-θ method in LabVIEW.
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incorporating block diagram from simulate signal express VI, which is located under
the signal analysis palette. The functions, such as mathematical operations, express
VIs, built analysis tools and signal simulation, were assessed from the palettes by right
clicking in the block diagram or front panel, which brought up the palette menu. The
frame work was thus created using the algorithm and the waveform was generated
for displacement, acceleration and velocity as shown in the Figure 2.

4. Analytical validations

The peak ground motion recorded, magnitude and it’s predominated period at
real-time data storage station during the 1940 El Centro earthquake or 1940 Impe-
rial Valley earthquake (Mw = 6.9) was considered for THA as the first analytical
case study. The SDOF system that was considered has a mass of 1 kg and a damping
value of 0.05. The time step that was considered for it was 0.02 s. The ground
motion details (horizontal component) are given in Table 1. In order to further
prove the efficiency of the program, the 1989 Loma Prieta earthquake was consid-
ered for analysis and the percentage variation of the LabVIEW is evaluated. The
basic parameters of the SDOF system considered has a mass of 1 kg, time step
0.02 s, damping ratio 0.05 and time period of 0.513 s [16].

5. Results and discussion

5.1 Linear SDOF system response of time integration methods and its results
and discussion

El Centro and Loma Prieta earthquake ground motions were considered for the
analysis. The problem was solved using the time step 0.02 to understand the
displacement-time history, velocity-time history and acceleration- time history
under El Centro and Loma Prieta earthquake using both the methods on LabVIEW
and are shown below.

5.1.1 Response in terms of displacement of linear SDOF system

The displacement response in central difference and wilson-θ method were
obtained in LabVIEW and was displayed below in Figures 3 and 4.

In case of El Centro earthquake maximum peak displacement of 0.0531 (m) and
minimum peak displacement of 0.0456 (m) was given by Wilson-θ method and in
case of Loma Prieta the maximum peak displacement of 0.033 (m) and minimum
peak displacement of 0.029 (m) was again given by Wilson θ-method.

5.1.2 Response in terms of velocity of linear SDOF system

The velocity response in central difference and wilson-θ method are obtained in
LabVIEW and is displayed below (Figures 5 and 6).

Earthquake Maximum acceleration (g) Magnitude Predominant period

El Centro 0.296 6.9 0.588

Loma Prieta 0.276 7 0.588

Table 1.
Earthquake ground motion details (horizontal component).
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The complex solution determined by the central difference method in terms of
velocity is contrasted with the method of wilson-θ. In the case of El Centro earth-
quake highest peak velocity of 0.653 (m/s.) and lowest peak velocity of 0.606
(m/s.) is responded by wilson-θmethod and in case of Loma Prieta the highest peak
velocity of 0.363 (m/s.) and lowest peak velocity of 0.341 (m/s.) is displayed by
central difference method.

5.1.3 Response in terms of acceleration of linear SDOF system

The acceleration response in central difference and wilson-θ method were
obtained in LabVIEW and are displayed below (Figures 7 and 8).

Dynamic acceleration response calculated using central difference was com-
pared with wilson-θ method. In case of El Centro earthquake motion, maximum
peak acceleration of 10.32 (m/s2) and minimum peak acceleration of 7.75 (m/s2)
was displayed by central difference method. Whereas, in case of Loma Prieta

Figure 3
Displacement vs time response under El Centro earthquake (a) central difference method (b) wilson-θ method.

Figure 4.
Displacement vs time response under Loma Prieta earthquake (a) central difference method (b) wilson-θmethod.
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velocity is contrasted with the method of wilson-θ. In the case of El Centro earth-
quake highest peak velocity of 0.653 (m/s.) and lowest peak velocity of 0.606
(m/s.) is responded by wilson-θmethod and in case of Loma Prieta the highest peak
velocity of 0.363 (m/s.) and lowest peak velocity of 0.341 (m/s.) is displayed by
central difference method.

5.1.3 Response in terms of acceleration of linear SDOF system

The acceleration response in central difference and wilson-θ method were
obtained in LabVIEW and are displayed below (Figures 7 and 8).

Dynamic acceleration response calculated using central difference was com-
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ground motion the maximum peak acceleration of 4.25 (m/s2) was shown by central
difference method and minimum peak acceleration of 4.24 (m/s2) was given by
wilson-θ method.

In the Table 2 shown above, response results obtained from central difference
method and wilson-θ method for El Centro earthquake was worked out. The dif-
ference in response was calculated and it was clearly seen that the variation did not
exceed more than 0.08.

In the Table 3 shown above, response results obtained from central difference
method and wilson-θ method for Loma Prieta earthquake was worked out. The
difference in response was calculated and it was clearly seen that the variation did
not exceed more than 0.04.

Figure 5.
Velocity vs time response under El Centro earthquake (a) central difference method (b) wilson-θ method.

Figure 6.
Velocity vs time response under Loma Prieta earthquake (a) central difference method (b) wilson-θ method.
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6. Conclusions

This paper summarizes, the modeling of linear SDOF system in LabVIEW soft-
ware using time integration method. The comparative study with the results of an
example chosen for the proposed program in LabVIEW clearly stated that the

Figure7.
Acceleration vs time response under El Centro ground motion (a) central difference method (b) wilson-θmethod.

Figure 8.
Acceleration vs time response under Loma Prieta groundmotion (a) central difference method (b) wilson-θmethod.

El Centro Peak Displacement(m) Peak Velocity (m/s) Peak acceleration (m/s2)

CDM 0.0462 0.635 10.32

WTM 0.0531 0.653 10.20

Table 2.
Percentage variation of linear SDOF system under El Centro earthquake.
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responses obtained are accurate and hence programming in it for time integration
problems will lead to trustworthy results.

These methods are thus based on two essential features:

1.Variation of displacement, velocity and acceleration are assumed within each
time step. Hence, the accuracy and stability of the final solution depends on
this variation.

2.The equilibrium is satisfied at all discrete time points within the interval of
solution instead of any time t.

As the percentage difference between central difference method and wilson-θ
method is negligible these programs can be extended to various earthquake ground
motions and also for non-linear simulations. There is a need to track the system
displacement, member spring force and spring stiffness to solve the problems in
material nonlinearity. It should be noted that the time steps and appropriate stiff-
ness has to be chosen very carefully to obtain accurate results. With the establish-
ment of appropriate modeling for various other integration methods the accuracy
can be further improved and time constraint problems can be easily solved.
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Chapter 8

LabVIEW as Power Disturbances
Classification Tools
Ahmad Farid Abidin and Mohd Abdul Talib Mat Yusoh

Abstract

Power disturbances monitoring is one of the important aspects on dealing power
quality issue in electrical system. The aims of conducting monitoring process are to
identify the real culprit which contribute to the Power Quality (PQ) problem. One
of the vital steps during monitoring process is the classifying various type of power
disturbance. This classification process is very important to give a right direction
towards proposing the correct mitigation technique. In order to produce reliable
classification technique, the devices which has a flexibility on accommodating the
software and hardware part need to be deployed. The software is need for algorithm
development such as signal processing, Artificial Intelligent (AI) as well as statisti-
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frequency with permissible range(�1%) [3, 4]. Based those three attributes, any
deviation from the given permissible limit is known as power disturbances. The
power disturbances consist of different type of disturbances namely, voltages sags,
swell, interruptions, transient over voltages, harmonics, and voltage imbalance. The
definitions of each type power disturbances can be described as follow [5]:

Referring to Table 1, the type of disturbances has its own unique characteristics.
Therefore, there are a paramount important to classify the type disturbance at
initial stage of the PQ solution step. The classification of power disturbance is
occasionally incorporating with signal processing technique which functioning as
feature extraction tools. The popular signal processing technique that often used in
extracting the feature are Short time Fourier Transform (STFT), Wavelet Trans-
form (WT), S-Transform (ST), Hilbert Transform (HT), Hilbert Huang Transform
(HHT), and Ensemble Empirical mode Decomposition (EEMD) [6–11]. STFT had
been widely used as a tool in recognizing disturbances. Nevertheless, STFT has a
limitation where it’s only has a fixed windowing technique which is not fit for non-
stationary signal [12]. The improved WT has been introduced to enable the
nonstationary signal processing approach in continuous windows size by using
multiresolution analysis (MRA) [13]. However, this technique suffers from high
losses of information during MRA process [14]. On top of that, the WT has disad-
vantage where it fails to extract time-frequency information.

S-transform (ST) is proposed to carry out the solution which experienced by
STFT and WT [15, 16]. ST is superior signal processing tool, where its technique is
improved and outcome the limitation that exist in STFT and WT. ST manage to
provide the distinct features which facilitate the decision making tools i.e., Artificial
Intelligent (AI) to produce the accurate classification result accuracy. From the
literature studies, there are several types of AI that frequently used as a decision
making mechanism for classifying power disturbances, such as the Support Vector
Machine (SVM), Levenberg Marquardt Neural Network (LMNN), Probability
Neural Network (PNN), General Regression Neural Network (GRNN), and Radial
Basic Function Neural Network (RBFNN) [17–21]. However, due to the less com-
putational burden and resilience performance, the SVM has been chosen as a
decision-making tool to be used in this work. Both ST and SVM are embedded to

Type of power
disturbance

Characteristic

Voltage sag Temporary voltage reduction in magnitude between 10% and 90% of nominal
voltage in RMS for duration few cycles to one minute

Interruptions Interruptions can be defined as 0.9 pu reductions in voltage magnitude for
duration less than 1 minute.

Swell An increase of RMS voltage from 0.1 pu to 0.8 pu for duration 0.5 cycle to
1 minute.

Harmonics A Sinusoidal voltages or currents which having frequencies that are integer
multiple of the frequency at which supply system is designed to operate.

Voltage imbalance The ratio of the negative sequence component to the positive sequence
component which exceed 0.5%

Interruptions The disappearance of the supply voltage on one or more phases. It is usually
qualified by an additional term indicating the duration of the interruption

Transient over
voltages

Sudden, non-power frequency change in the steady-state condition of voltage,
current, or both,

Table 1.
The definition of each type power disturbance.
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LabVIEW module by means of MATLAB algorithm to perform as power distur-
bance classifier.

LabVIEW is fast and widely used hardware integration which is a convenient
instrument and PC constructed with data acquisition that has the ability to various
interfacing type of real-time input signal [22]. Thus, it offers valuable analysis with
variation choice of programming tools which is suitable to be implemented in real-
time power quality monitoring system.

2. LabVIEW role

This research is conducted in LabVIEW software with the aid of National
Instrument (NI) data acquisition module, where the entire data acquisition module,
analysis module, features extraction process and data representation are developed
and executed using this tools [23]. Along with enormous flexibility in interfacing
and working with various type of real time input signal from different type of
measurement tools, LabVIEW is offering a superiority analysis with a variety choice
of programming tools that is appropriate to be implemented in real time power
quality monitoring system. The flexibility of LabVIEW software also grants an
excellent output result of the projects with lesser computational time. This develops
system from this research basically is able to extract features and classify the PQ
disturbance as illustrated in Figure 1.

Based on Figure 1, the developed system starts with the accumulating of PQ
disturbances by using the PQ recorder i.e. Fluke 1750. Then those PQ disturbances
are transferred to Chroma 61701 for storing and regenerating purpose. Then a
National instruments Compaq Data Acquisition Chassis (NI cDAQ-9184) with NI
9225 card is used for high-speed acquisition of PQ disturbances. Further, the types
of PQ disturbances are analyzed in LabVIEW interfacing since the voltage signals

Figure 1.
System architecture of PQ analysis using LabVIEW software.
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which acquired from the NI 9225 card. Further work of classification process which
based on ST and SVM are developed at LabVIEW platform.

3. S-transform algorithm

Time-frequency transform as known as S-Transform was proposed by Stockwell
and his co-workers in 1996, inheriting the advantage of Continuous Wavelet
Transform (CWT). As a modification from CWT, ST can be derived by multiplying
the phase factor to CWT equation as expressed in (1) where the algorithm of CWT
can be defined as (2)

ST τ, fð Þ ¼ CWT τ, dð Þei2πftdt (1)

CWT τ, dð Þ ¼
Xþ∞

�∞
x tð Þψ t� τ, dð Þdt (2)

By substituting (2) into (1), the final equation for the ST can be define as,

ST τ, fð Þ ¼
Xþ∞

�∞
x tð Þψ t� τ, dð Þei2πftdt (3)

Unlike CWT, ST applies Gaussian window instead of mother wavelet which can
be defined as,

ψ t, fð Þ ¼ g tð Þe�i2πft (4)

Where g(t) can be expressed as,

g tð Þ ¼ 1
σ
ffiffiffiffiffi
2π

p e�t2=2σ2 (5)

The capability of the ST Gaussian window to varies according to the frequency
of the signal is depend on the Gaussian window width, σ which can be define as,

σ fð Þ ¼ 1
fj j (6)

Hence, the final equation of the ST can be expressed as,

ST t, fð Þ ¼ fffiffiffiffiffi
2π

p
Xþ∞

�∞
x tð Þe� t�τð Þ2 f 2=2ei2πftdt (7)

3.1 S-transform embedded in LabVIEW

In order to apply signal processing analysis, the ST algorithm function is
embedded in LabVIEW software via MathScript Node that act as a native compiler
of m file which can blend textual and graphical approaches for signal processing and
data analysis task. MathScript Node works in integrating m files into the LabVIEW
graphical environment. Embedded process of m file ST algorithm into LabVIEW
present a hybrid approach between text-based maths with graphical programming,
which is enhanced the capability of previously developed algorithm to perform the
analysis in a real time environment.
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MathScript Node is an embedded LabVIEW feature that links the text based I/O
variables with the inputs and outputs of LabVIEW. Figure 2 shows ST analysis
implementation in LabVIEW via MathScript Node. In order to call the user-define
function from m file into the LabVIEW MathScript Node, the path for the m file
directory will be added to MathScript: Search Path in MathScript Window. The
input variable on the right-hand side of the MathScript Node will be the voltage
signal and the output on the left-hand side of the MathScript Node indicates all
possible output of the transform voltage signal by ST.

The output of transformed voltage signal using ST is in the form of N � M
matrix called S-matrix. Each element within the 2-dimension array of the S-matrix
is a complex value where the row represents the frequency while the column
represents time. Hence, the output of the S-matrix could be visually analyzed by the
representation of time-amplitude graph and frequency-amplitude graph, where the
amplitude stands for the absolute value or vector of each complex element from the
S-matrix. The example of one of the PQ disturbance is illustrated in Figure 3.
Further analysis is performed on the S-matrix output in the form of time-amplitude
and frequency-amplitude graph as shown in Figures 4 and 5 respectively in order to
extract the feature of PQ disturbance.

Figure 2.
LabVIEW MathScript node with user define function called S-transform output features.

Figure 3.
IEEE working group recorded waveform of PQ disturbance.

Figure 4.
Time-amplitude graph of S-matrix.
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3.2 Support vector machine

SVM is basically a binary two-class classifier and has been extended to multiclass
classifier. Multi error-correcting output code (ECOC) technique has been used to
deal with multiclass classifications problems [24–26]. The SVM equation for func-
tion equation can be written as:

f yð Þ ¼
XN

k¼1

aiK x, xið Þ þ b (8)

Where ai the weighting factor, x is the training samples and xi are the support
vectors, b represent the bias and N is the training samples. In a classifier model, only
the support vector takes effect in the classification. The kernel function helps
nonlinear SVM maps the training sample from the input space into the higher
dimensional feature space [27, 28]. Kernel function can be written as:

K x, xið Þ ¼ ф xð Þ:ф xið Þ (9)

Eq. (10) below is the example of nonlinear equation for radial basis function
(RBF) SVM.

K x, xið Þ ¼ exp � x� xik k2
2σ2

 !
(10)

Where σ is the kernel width. The only difference of nonlinear SVM function
after the implementation of kernel function would be:

f yð Þ ¼
XN

k¼1

aiф xð Þ:ф xið Þ þ b ¼
XN

k¼1

aiK x, xið Þ þ b (11)

There are two types of coding design in ECOC-SVM to construct the classifiers.
Most common used of coding design are One-versus-One (OVO) and One-versus-
All (OVA) [26]. ECOC is used to analyze and correct the error data when conducted
in the channel. The ECOC algorithm capable to enhance the performance of fault
tolerance of classification model by encoding different class. The classification
problem can be overcome by associating a row of a k x m “coding matrix” with
entries {�1, 0, +1). Each class is assigned a binary string of length m where m is the
number of binary classification problems to be constructed. The comparison
between classes “-1” and “+1” and ignoring classes with “0” is represented from

Figure 5.
Frequency-amplitude graph of S-matrix.
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matrix column. The “codeword” string which are }Iþt } and }I�t } respectively used to
replace “-1” and “+1”. Thenm binary function is learned, one for each bit position in
these binary strings. The desired outputs of m binary functions are specified by the
codeword of class i during the training of class i. Now, new values of X are classified
to generate an m-bit strings by evaluating each of the n binary function. X is
assigned to the class whose codeword is closest after comparing string to each of the
k codeword [29].

LabVIEW is a tool to design a system of engineering application that capable to
evaluate and control. LabVIEW is fast and widely used hardware integration which
is convenient instrument and PC constructed with data acquisition that has the
ability to interfacing various type of real time input signal [22].

This software holds the three components which are the front panel, block
diagram, and icon and connector panel. The front panel on Figure 6 serves as the
user interface. The block diagram contains the graphical source code that defines
the functionality of the block diagram. Voltage continuous block diagram based on
example finder is select to capture the real time waveform. It determines a block
diagram on continuously acquire voltage measurement using a DAQmx device
referring on Figure 7. During the generation of PQ disturbance, voltage measure-
ment NI is already connected via Ethernet to the computer to capture the real-time
voltage signal. In order to gain voltage waveform, the physical channel must be set
to ai1. To gain accurate waveform the sample rate and number of samples are set to
12800 and 256, respectively.

The block diagram of voltage continues to capture and extract all the features of
voltage signal with the aid of ST algorithm. While loop is constructed to block
diagram at acquired data in order to repeats the code within its sub diagram until a
specific condition occurs. A While Loop always executes at least one time. The
mathscript node is built to insert the ST algorithm. The input variable from the
mathscript node is connect to DAQmx in order to read one or more waveforms
from a task that contains one analog input channels which is voltage measurement
NI. Output variable from the mathscript node is inserted into array block + feedback

Figure 6.
Front panel of LabVIEW software.
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diagram on continuously acquire voltage measurement using a DAQmx device
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and then connect to the waveform graph. The feedback on the array block is utilized
to store and display each cycle of data per windows on the waveform graph. This is a
simple manner to capture the features of PQ problems according to real-time signal of
measurement. It is also to gain S-matrix graph of frequency time represent time series
signal. Inside this mathscript node, MATLAB coding of ST and statistical command
are embedded.

Extracted features will be in statistical data waveform. All the wanted features
extraction coding is assemble inside the mathscript node which are mean, median,
standard deviation, variance, and others. This statistical method suitable to be used
when lot of data is picked for training process and it is profitable to produce an
effectiveness in SVM method of classifying. This reason statistical method is choos-
ing because the data collected is in a set of possible value of the measured quantity.

All the extracted features of the PQ disturbance signal from ST are introduce in
the form of the frequency-amplitude graph. The extracted features in form of
statistical data are perform based on mean, median, standard variation, variance,
kurtosis and skewness.

Mean is the average value of a signal. The value of mean can be gain by adding all
amplitude of signal and divide by N, sample. Mathematical equation as below (12).

μ ¼ 1
N

XN�1

i¼1

xi (12)

Median is a middle number of arrangements of amplitude in numerical order
and the mathematical equation state below:

m ¼ Lþ
N
2 � F
f

� �
C (13)

Standard deviation (STD) is a range of how far the signal varies from the mean
and average deviation. This variance value can be gain by the average of the squaring

Figure 7.
Block diagram of high NTGV features extraction.
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different each of the deviations. The variance represents the power of this fluctua-
tion. In equation form, the standard deviation (14) and variance (15) is calculated:

s ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1
N � 1

XN�1

i¼0
x1 � μð Þ2

r
(14)

s2 ¼ 1
N� 1

XN�1

i¼0
x1 � μð Þ2 (15)

Skewness is a measurement of data has outliers which means has symmetry.
Identify the signal whether the symmetric to the left or to right of the center point.
The kurtosis data can be identify based on the normal distribution of right tailed or
left tailed. Below is the mathematical equation:

Skewness ¼
1
N

PN
i¼1 xi � xð Þ3

1
N

PN
i¼1 xi � xð Þ2

� �3
2

(16)

Kurtosis ¼
1
N

PN
i¼1 xi � xð Þ4

1
N

PN
i¼1 xi � xð Þ2

� �2 (17)

4. Classification method

In order to complete this project, the construction of last part is handled in
MATLAB software. The coding of classification PQ disturbance is created, and result
is recorded. Simulation of SVM method is done to gain the accuracy of classification.

SVM classifier start with load a big number of PQ disturbance sample, i.e. 100.
Which randomly consist of 9 types of statistical pattern. All data is randomize using
for loop. After record the whole randomized data, 2 stages of SVM algorithm will be
perform. Step first for SVM is performing training samples which based on flow-
chart been initialized at 50%. In order to produce good generalization performance
function of Gaussian or polynomial can be chosen in training model. Then fitness
function will be calculated referring on the training data Therefore, the remaining
data sample are used as testing process. The training result will be model for testing
process. Then the accuracy is evaluated whether reach satisfaction of this project or
far from reaching desired accuracy.

Target value will be compared with testing. Should be the classification success
approaching 100% to reach high accuracy level. If the classification evaluate is
effective enough, thus process will be start again with randomized data.

Figure 8 above is created at editor window. The training data percentage is select
for 50%. In randomize data code loop for is used. For loop function to executing a
specific statement repeatedly until some false condition is met. In this application, it’s
for the purpose of different type of PQ disturbance. The Data is the original statistical
feature of each sample. Then all the statistical data is identified which class each. It is
arranged into their type of disturbance and statistical features is assemble randomly.

Figure 9 above is coding of training classification of PQ disturbances. X interval
is the input of predictor data which each column will be observe while Y interval is
target value. At line 40, there will be non-linear type of default value for the two-
class learning that separate the data with the hyperplane. It is important to choose
type of kernel function in order to accomplish success training. RBF is used for one
type training while gaussian or polynomial can be used for two type class or multi-
ple. Polynomial is chosen due to disorder symmetry. The ‘class names’ to distin-
guishes the different type data which represent PQ disturbances.
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5. Conclusion

Further use of this coding will produce the classification result from the use of
ST and SVM in the LabVIEW tools. This classification is significant, particularly in
sending the electricity-based problem which originated from PQ disturbances. The
LabVIEW function which assemble the ST, SVM and interfacing system in one
platform could be a beneficial for electrical engineer conduct the problem shooting
step. The capability of LabVIEW to integrate with different type algorithm prove to
be the strength to materialize its function as classification tools. The introduction of
this classification technique will minimize the time taken to pinpoint problem
related to PQ disturbance. The more advance feature of this tools could be extended
towards cloud computing function, Internet of Thing (IOT) application as well as
wireless classification process.
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Chapter 9

Digital System Design
Janani Rajaraman

Abstract

The main objective of this chapter is to study and design various combinational
circuits like Verification of Boolean Expression, Multiplexer, Demultiplexer Cir-
cuits, Code Converters circuits using LabVIEW tools. This chapter will make the
user more comfortable towards learning of Design of Digital Systems. The various
types of Boolean Expressions like SOP and POS, Combinational circuits like Adder
circuit (Half adder and full adder), Subtractor circuit (Half Subtractor, Full
Subtractor), some code converters like Binary to Gray and Gray to Binary, BCD to
Gray and Gray to BCD and also Sequential circuits with D flip flop is also being
carried out using this LabVIEW.

Keywords: Combinational Circuits, Multiplexer, Code Converters,
Adder and Subtractor Circuits

1. Introduction

The field of electronics are classified into two broad group namely analog elec-
tronics and digital electronics. Analog electronics deals with signals that are contin-
uous with respect to time by nature such as any noise signal, any video streaming
etc. and digital electronics deals with signals that are discontinuous or discrete with
respect to time. The electronic amplifier such as op-amp circuit helps to amplify the
continuous signals and such signals are termed as analog signals and the circuit used
for such applications are called analog circuits. On the other hand, the discrete
signals are fed as the input to the computer by electronic switches, which as two
distinct values such as HIGH level and LOW level [1]. This discrete signals are
further converted in to electronic signals with the help of suitable converters. Such
discrete signals are called as digital signals and the electronic circuit used for such
operation are termed as digital circuits.

2. Boolean Algebra

In a discrete signals the two distinct values such as HIGH and LOW has equiva-
lent voltage levels such as 5 volts and 0 volts respectively. This two distinct levels
are represented as value 1 and value 0 respectively. Any algebraic functions
performed with respect to this discrete values are defined as Boolean algebra devel-
oped by George Boole. He also developed various suitable theorems associated with
this boolean for manipulation and simplification. There are set of basic definitions
which are assumed to be true which defines all the information about the system.
The following are the basic definition used in boolean algebra.
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cuits, Code Converters circuits using LabVIEW tools. This chapter will make the
user more comfortable towards learning of Design of Digital Systems. The various
types of Boolean Expressions like SOP and POS, Combinational circuits like Adder
circuit (Half adder and full adder), Subtractor circuit (Half Subtractor, Full
Subtractor), some code converters like Binary to Gray and Gray to Binary, BCD to
Gray and Gray to BCD and also Sequential circuits with D flip flop is also being
carried out using this LabVIEW.

Keywords: Combinational Circuits, Multiplexer, Code Converters,
Adder and Subtractor Circuits

1. Introduction

The field of electronics are classified into two broad group namely analog elec-
tronics and digital electronics. Analog electronics deals with signals that are contin-
uous with respect to time by nature such as any noise signal, any video streaming
etc. and digital electronics deals with signals that are discontinuous or discrete with
respect to time. The electronic amplifier such as op-amp circuit helps to amplify the
continuous signals and such signals are termed as analog signals and the circuit used
for such applications are called analog circuits. On the other hand, the discrete
signals are fed as the input to the computer by electronic switches, which as two
distinct values such as HIGH level and LOW level [1]. This discrete signals are
further converted in to electronic signals with the help of suitable converters. Such
discrete signals are called as digital signals and the electronic circuit used for such
operation are termed as digital circuits.

2. Boolean Algebra

In a discrete signals the two distinct values such as HIGH and LOW has equiva-
lent voltage levels such as 5 volts and 0 volts respectively. This two distinct levels
are represented as value 1 and value 0 respectively. Any algebraic functions
performed with respect to this discrete values are defined as Boolean algebra devel-
oped by George Boole. He also developed various suitable theorems associated with
this boolean for manipulation and simplification. There are set of basic definitions
which are assumed to be true which defines all the information about the system.
The following are the basic definition used in boolean algebra.
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• NOT: The NOT of a variable is 1 if and only if, the variable itself is 0 and vice
versa

• AND: The AND of two variables is 1 if and only if both the variables are 1.

• OR: The OR of two variables is 1 if either (or both) of the variables is 1.

• XOR: The Exclusive-OR of two variables is 1 if either of them but not both is 1

3. Combinational logic circuits

There are two types of circuits exists in the digital system, Combinational Logic
Circuits and Sequential Circuits. A combinational logic circuit is a circuit where the
output depends on the combination of present input state. The set of operations
which these combinational circuits performs logically by a set of Boolean functions.
A sequential logic circuit is a circuit where the output depends on the combination
of present input state and past input or previous input values. The previous output
values are stored in the memory elements.

A combinational circuit consist of variables for input and output, and basic logic
gates to perform the boolean function. The output signals are generated according
to the inputs as well as the logic circuits employed. Here both the input and outputs
are binary values either 1 or 0. Figure 1 shows the simple block diagram of combi-
national logic circuits with n input variables and m output variables. If there are n
number of inputs to the circuit then 2n possible combinations of input states but
each combination can produce only one output state [2]. For instance if the combi-
national logic circuit has 2 inputs A and B then there can be 4 possible input states.

.

3.1 Design procedure

The following are the steps considered while designing a combinational logic
circuits.

• The first step is the statement of the problem for which this combinational
circuit need to be designed

• Definition of the input and output variables and the variable name for inputs
and outputs.

• Formation and tabulation of truth table which describes the relationship
between the input and output.

• The simplified boolean expression is obtained for the output variable with the
help of minimization techniques or Karanaugh map.

Figure 1.
Combinational Logic Circuits.
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• The logical diagram using logic gates is realized for the simplified expression
obtained in the previous step

• In practical design and real time implementation one should consider to use
minimum number of gates.

3.2 Arithmetic circuits

3.2.1 Adder circuits

A combinational circuit that performs the addition of two bits is called half-
adder. When the augend and addend numbers contain more significant digits, the
carry obtained from the addition of two bits is added to the next higher order pair of
significant bits. The combinational circuit that performs the addition of three bits is
called a full-adder. The full adder can also be obtained by using two half adder
circuits.

(i) Design of half-adders

A half adder is a combination logic circuit that uses two inputs (A and B) and
two outputs (Sum S and Carry C). Table 1 shows the truth table the various
combinations of inputs and its corresponding outputs. The output Sum S and Carry
C is obtained and the k-map is used to get the logical equation. The Boolean
expressions are

Sum S ¼ A⨁B (1)

Carry C ¼ AB (2)

Figure 2 shows the design and implementation of half adder circuit in LabVIEW
environment, where the front panel that two inputs Input A and Input B, the out-
puts are Sum and Carry [3]. The block diagram in LabVIEW environment shows
the logic gate implementation for the above obtained expression.

(ii) Design of full-adders

A full adder is a combination logic circuit that uses three inputs (A, B and Cin)
and two outputs (Sum S and Carry C). Table 2 shows the truth table the various
combinations of inputs and its corresponding outputs. The output Sum S and Carry
C is obtained and the k-map is used to get the logical equation.

Sum S ¼ A⨁B⨁Cin (3)

Input Variables Output Variables

A B Sum S Carry C

0 0 0 0

0 1 1 0

1 0 1 0

1 1 0 1

Table 1.
Truth Table – Half Adder.
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• The logical diagram using logic gates is realized for the simplified expression
obtained in the previous step

• In practical design and real time implementation one should consider to use
minimum number of gates.

3.2 Arithmetic circuits

3.2.1 Adder circuits

A combinational circuit that performs the addition of two bits is called half-
adder. When the augend and addend numbers contain more significant digits, the
carry obtained from the addition of two bits is added to the next higher order pair of
significant bits. The combinational circuit that performs the addition of three bits is
called a full-adder. The full adder can also be obtained by using two half adder
circuits.

(i) Design of half-adders

A half adder is a combination logic circuit that uses two inputs (A and B) and
two outputs (Sum S and Carry C). Table 1 shows the truth table the various
combinations of inputs and its corresponding outputs. The output Sum S and Carry
C is obtained and the k-map is used to get the logical equation. The Boolean
expressions are

Sum S ¼ A⨁B (1)

Carry C ¼ AB (2)

Figure 2 shows the design and implementation of half adder circuit in LabVIEW
environment, where the front panel that two inputs Input A and Input B, the out-
puts are Sum and Carry [3]. The block diagram in LabVIEW environment shows
the logic gate implementation for the above obtained expression.

(ii) Design of full-adders

A full adder is a combination logic circuit that uses three inputs (A, B and Cin)
and two outputs (Sum S and Carry C). Table 2 shows the truth table the various
combinations of inputs and its corresponding outputs. The output Sum S and Carry
C is obtained and the k-map is used to get the logical equation.

Sum S ¼ A⨁B⨁Cin (3)

Input Variables Output Variables

A B Sum S Carry C

0 0 0 0

0 1 1 0

1 0 1 0

1 1 0 1
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Carry C ¼ ABþ BCin þ CinA (4)

Figure 3 shows the design and implementation of full adder circuit in LabVIEW
environment, where the front panel that two inputs Input A, Input B, and Input Cin,
the outputs are Sum and Carry. The block diagram in LabVIEW environment shows
the logic gate implementation for the above obtained expression.

Figure 2.
Logic Diagram – Half Adder.

Input Variables Output Variables

A B Cin Sum S Carry C

0 0 0 0 0

0 0 1 1 0

0 1 0 1 0

0 1 1 0 1

1 0 0 1 0

1 0 1 0 1

1 1 0 0 1

1 1 1 1 1

Table 2.
Truth Table – Full Adder.

Figure 3.
Logic Diagram – Full Adder.
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3.2.2 Subtractor circuits

A combinational circuit that performs the difference of two bits is called half-
subtractor. When the first input (minuend) is 0 and the second input(subtrahend) is
1 then there exists a output variable as Borrow. The combinational circuit that
determines the difference of three bits is called a full-subtractor.

(i) Design of half-subtractor

A half subtractor is a combination logic circuit that uses two inputs (A and B)
and two outputs (Difference D and Borrow B). Table 3 shows the truth table
the various combinations of inputs and its corresponding outputs. The output
Difference D and Borrow B is obtained and the k-map is used to get the logical
equation. Figure 4 shows the design and implementation of half subtractor circuit
in LabVIEW environment, where the front panel that two inputs Input A and Input
B, the outputs are Difference and Borrow

Difference ¼ A⨁B (5)

Borrow ¼ AB (6)

(ii) Design of Full-subtractor

A full subtractor is a combination logic circuit that uses three inputs (A, B and
Bin) and two outputs (Difference D and Borrow B). Table 4 shows the truth table
the various combinations of inputs and its corresponding outputs. The output dif-
ference D and Borrow B is obtained and the k-map is used to get the logical equation

Difference D ¼ A⨁B⨁Bin (7)

Borrow B ¼ ABþ A⨁B (8)

Input Variables Output Variables

A B Difference D Borrow B

0 0 0 0

0 1 1 1

1 0 1 0

1 1 0 0

Table 3.
Truth Table – Half Subtractor.

Figure 4.
Logic Diagram – Half Subtractor.
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Figure 5 shows the design and implementation of full subtractor circuit in
LabVIEW environment, where the front panel that two inputs Input A, Input B,
and Input Bin, the outputs are Difference D and Borrow Ouptut. The block diagram
in LabVIEW environment shows the logic gate implementation for the above
obtained expression.

3.3 Multiplexer and demultiplexer

The most important form of a combinational circuit and which is widely used in
the field of communication is Multiplexer and Demultiplexer Circuits. The multi-
plexer circuit is used to transfer large number of channels carrying information to a
smaller number of channels. Such circuit used to transmit digital data or binary
information is called as data selector or digital multiplexer. In this data selector, the
input line is selected according to the combination of select lines, suppose if there
exists 2n input line then the number of select line is n and there will be only one
output line. For example in a 4x1 multiplexer, the number of input lines is 4 (22)
which shows there exists of 2 select lines. In these multiplexer circuits the inputs are
named as I0, I1, I2 and I3 and the two select lines are named as S0 and S1. Table 5
shows the various combinations of select line and corresponding input line is
selected and obtained as output Y [4]. The boolean expression for the output Y is
given below. Figure 6 shows the Front panel and Block Diagram of 4x1 multiplexer.
This design can be extended for higher versions like 8x1 and 16x1 types of
multiplexer.

Input Variables Output Variables

A B Bin Difference D Borrow B

0 0 0 0 0

0 0 1 1 1

0 1 0 1 1

0 1 1 0 1

1 0 0 1 0

1 0 1 0 0

1 1 0 0 0

1 1 1 1 1

Table 4.
Truth Table – Full Subtractor.

Figure 5.
Logic Diagram – Full Subtractor.
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The Boolean expressions are

Output Y ¼ S0S1I0 þ S0S1I1 þ S0S1I2 þ S0S1I3 (9)

The term demultiplex is just a opposite way of multiplexer, here in this combi-
national circuit there are one input channel and distributes the data over several
channels. Therefore if the number of input channel is 1 then the number of output
will be 2n output channels. The combination of select lines control the output
channel through which the input data must be transmitted. Table 6 gives the truth
table for 1-to-8 demultiplexer, the front panel and block diagram for 1-to-8 demul-
tiplexer is shown in Figure 7.

The selection input line S0, S1, S2 are activated according to the bit combination
for each output as given in Eq. (10) to Eq. (17). For instance, if the selection input
combination is 010, the input I is transmitted to Y2. The Boolean expressions for
each output line is given below

Y0 ¼ S2S1S0I (10)

Y1 ¼ S2S1S0I (11)

Y2 ¼ S2S1S0I (12)

Y3 ¼ S2S1S1I (13)

Y4 ¼ S2S1S0I (14)

Selection Inputs Input Channels Output

S1 S0 I0 I1 I2 I3 Y

0 0 0 X X X 0

0 0 1 X X X 1

0 1 X 0 X X 0

0 1 X 1 X X 1

1 0 0 X 0 X 0

1 0 1 X 1 X 1

1 1 0 X X 0 0

1 1 1 X X 1 1

Table 5.
Truth Table – 4*1 Multiplexer.

Figure 6.
Logic Diagram – 4*1 Multiplexer.
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Y5 ¼ S2S1S0I (15)

Y6 ¼ S2S1S0I (16)

Y7 ¼ S2S1S0I (17)

3.4 Code converters

For the same discrete elements of information, there are several different codes
available, resulting in the use of different codes for different digital systems. It’s
sometimes necessary to connect two digital blocks that use different coding sys-
tems. Hence a conversion digital circuit is designed and implemented between two
digital systems to use information of one digital system to another. The input lines
must provide the bit combinations of elements as designed by binary code A and the
output is generated by the bit combinations of code B. This code converters circuit
consisting of logic gates to perform this transformation operations. Some of the few
code conversion techniques are discussed below.

3.4.1 Binary to gray code converters

Table 7 shoes the conversion of 4-bit binary code to its equivalent gray code
values. The 4 bit binary code input is defined as B0, B1, B2, B3 and corresponding

Figure 7.
Logic Diagram – 1*8 Demultiplexer.

Selection Inputs Output Channels

S2 S1 S0 Y0 Y1 Y2 Y3 Y4 Y5 Y6 Y7

0 0 0 Y0 = I 0 0 0 0 0 0 0

0 0 1 0 Y1 = I 0 0 0 0 0 0

0 1 0 0 0 Y2 = I 0 0 0 0 0

0 1 1 0 0 0 Y3 = I 0 0 0 0

1 0 0 0 0 0 0 Y4 = I 0 0 0

1 0 1 0 0 0 0 0 Y5 = I 0 0

1 1 0 0 0 0 0 0 0 Y6 = I 0

1 1 1 0 0 0 0 0 0 0 Y7 = I

Table 6.
Truth Table – 1*8 Demultiplexer.

164

LabVIEW - A Flexible Environment for Modeling and Daily Laboratory Use

output 4-bit gray is defined as G0, G2, G3, and G4 as shown in Figure 8. The
corresponding boolean expression for binary to gray code conversion is given below

G0 ¼ B0 (18)

G1 ¼ B0 ⨁B1 (19)

G2 ¼ B2 ⨁B1 (20)

G3 ¼ B3 ⨁B2 (21)

3.4.2 Gray to binary code converters

Gray code is also called as Reflected Binary Code (RBC), Reflected Binary (RB)
or Gray code, Cyclic Code, is defined as an ordering of the binary number system

B0 B1 B2 B3 G0 G1 G2 G3

0 0 0 0 0 0 0 0

0 0 0 1 0 0 0 1

0 0 1 0 0 0 1 1

0 0 1 1 0 0 1 0

0 1 0 0 0 1 1 0

0 1 0 1 0 1 1 1

0 1 1 0 0 1 0 1

0 1 1 1 0 1 0 0

1 0 0 0 1 1 0 0

1 0 0 1 1 1 0 1

1 0 1 0 1 1 1 1

1 0 1 1 1 1 1 0

1 1 0 0 1 0 1 0

1 1 0 1 1 0 1 1

1 1 1 0 1 0 0 1

1 1 1 1 1 0 0 0

Table 7.
Truth Table – Binary to Gray Converter.

Figure 8.
Logic Diagram – Binary to Gray Code Converter.
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such that each incremental value can only differ by one bit. The main objective in
this code converter is that while traversing from one step to another step, one bit in
the code group changes as in Figure 9. This gray code is not applicable for arith-
metic operations, but it is applicable in analog to digital converters, as well as error
correction techniques in digital communications (Table 8).

B3 ¼ G3 (22)

B2 ¼ G2 ⨁G3 (23)

B1 ¼ G1 ⨁G2 ⨁G3 (24)

B0 ¼ G1 ⨁G2 ⨁G3 ⨁G0 (25)

Figure 9.
Logic Diagram – Gray to Binary Code Converter.

G3 G2 G1 G0 B3 B2 B1 B0

0 0 0 0 0 0 0 0

0 0 0 1 0 0 0 1

0 0 1 1 0 0 1 0

0 0 1 0 0 0 1 1

0 1 1 0 0 1 0 0

0 1 1 1 0 1 0 1

0 1 0 1 0 1 1 0

0 1 0 0 0 1 1 1

1 1 0 0 1 0 0 0

1 1 0 1 1 0 0 1

1 1 1 1 1 0 1 0

1 1 1 0 1 0 1 1

1 0 1 0 1 1 0 0

1 0 1 1 1 1 0 1

1 0 0 1 1 1 1 0

1 0 0 0 1 1 1 1

Table 8.
Truth Table – Gray to Binary Code Converter.
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Figure 10.
Logic Diagram – Seven Segment Decoder.
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3.4.3 Seven segment decoder

A digital decoder IC is a device that converts one digital format into another, and
one of the most commonly-used device for doing this is the binary-coded decimal
(BCD) to 7-segment display decoder. The 7-segment light emitting diode (LED)
provides a convenient way of displaying information or digital data in the form of
numbers, letters and alphanumeric characters. Typically, 7-segment displays consist
of seven same coloured LEDs (called segments) within a single display package. In
order to display the correct character or number, the correct combination of LED
segments has to be illuminated. This LabVIEW program demonstrates the illumi-
nation of each segment by displaying hex values (0000 through FFFF) in decimal
form from 0 through 9 and A through F. The standard 7-segment LED display has
eight input connections, one for each LED segment and one that acts as a common
terminal or connection for all internal display segments. Some displays also have an
additional input pin for displaying a decimal point.

3.4.4 Types of digital display

There are two important types of 7-segment LED displays, namely, common
cathode and common anode. In Common cathode display (CCD) display, all cathode
connections of the LEDs are joined together to a low logic or ground or 0 [5]. The
individual segment is illuminated by the application of high logic or + Vcc or 1 to the
individual anode terminal. In Common anode display (CAD) In a CAD, all anode
connections of the LEDs are joined together to a high logic or + Vcc and individual
segments are illuminated by connecting individual cathode terminals to low logic or
ground as shown in Figure 10. The boolean expressions of the outputs.

a ¼ ABDþ ABCþ BDþ ACþ ADþ BC (26)

b ¼ AC⨁Dþ A C⨁Dð Þ þ BCþ BD (27)

c ¼ BCþ BDþ CDþ ABþ AB (28)

d ¼ BCDþ BDCþ ACDþ BCDþ ACþ ABD (29)

e ¼ BDþ CDþ ABþ AC (30)

f ¼ ABCþ CDþ BDþ ABþ AC (31)

g ¼ ABDþ BCDþ ABþ ACþ CB (32)

4. Conclusion

This chapter brings an overview of design of combinational logic circuits in
LabVIEW. This LabVIEW programming tool is a graphical representation tool
which helps the designer to simplify the design work. This tool can be further
extended for designing sequential circuits as well as PLA and PAL logic design.
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