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ABSTRACT:

Engineering education should involve practical laboratory to support theoretical foundation and develop
student skills. These hands on laboratories have some disadvantages such as expensive, supervision required,
time and place restrictions. This paper presents design and evaluation of a web based virtual laboratory for
teaching Digital Signal Processing (DSP) to undergraduate students in Electromechanical Engineering
Department at the University of Technology. The laboratory experiments includes classification of signals,
sampling theorem, Fourier series, complex Fourier series, Fourier transform, inverse Fourier transform,
discrete Fourier transform, Fast Fourier Transform (FFT),convolution , Z-transform, and digital filters.
Graphical User Interface (GUI) feature of MATLAB have been used to provide students with a friendly and
visual approach in specifying input parameters while Hyper Text Markup Language (HTML) was used to
illustrate theoretical foundations. The questionnaire survey and five point Likert scale are utilized in
performing evaluation. Results of this evaluation showed that the proposed virtual DSP laboratory was helped
students in DSP concepts, made positive effects on students’ achievements and attitudes when compared to
traditional teaching methods.
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I.INTRODUCTION

Digital Signal Processing (DSP) course have
been taught at Electromechanical Engineering
Department, University of Technology. This
course involves a large number of complicated
mathematical  equations that need some
explanation to appreciate underlying concepts. The
hands on laboratory can be used to help students in
illustrating these conceptual concepts and
developing their practical skills [Feisel, 2005].
However, these hands on laboratories have some
drawbacks such as expensive, supervision
required, time and place restrictions [Nedic, 2003;
Balamuralithara,2008].

In the last decade, there has been a growing
trend in the utilization of simulation-based virtual
laboratories for undergraduate students in the
engineering and science colleges. However, these
modern  laboratories are  cost  effective
[Wolf,2009], increase the student performance
[Macias,2001;Campbell,2004], encourage self
learning by providing hands on activities
[Chu,1999], and suitable for use in distance
learning when the World Wide Web (WWW)
access is available [Agrawal,2008]. Several
authors have presented researches in engineering
education covered a wide range of disciplines,
such as electrical engineering [Tanyildizi, 2009],
mechanical engineering [Gil, 2000], control
engineering [Uran, 2008], chemical engineering
[Murphy,2002] , and civil engineering
[Budhu,2002], while other authors were
introduced researches in science education
[Stone,2007; Jimenez,2003].

Nowadays, virtual laboratory is used as
prevalent alternative to the traditional hands on
laboratory and must be performed the same
learning outcomes. However, some universities
already have been started to utilize virtual
laboratories in the engineering colleges such as
John Hopkins University in USA [Karweit],
Polytechnic University of Valencia in Spain
[Tejedor,2008], Warsaw University of Technology
in Poland [Sobczuk,2007], University of Pisa in
Italy [D'andrea,2008], and many others.

Virtual laboratories can be broadly classified
into three types: First, simulation laboratories that
use software and web server to emulate the
physical laboratory [Nedic, 2003;
Balamuralithara,2008] . In these laboratories, the
users can modify the parameters of the simulation
and observe the changes in the system. Second,
remote laboratories allow users to view, control

280

and acquire data from a physical experiment

through a web server [Nedic, 2003;
Balamuralithara,2008]. Third, recorded
experiments allow users to view actual
experiments and work with real data

[Sidhu,2010;Chan,1998].

Virtual laboratory has been assessed by several
researchers and they have concluded that there is
no significant difference in student learning results
from using virtual learning laboratory versus
physical laboratory [Campbell, 2002]. However,
complete removal of physical laboratory from the
syllabus would not be accepted by students
according to their feedback [Wiesner,2004].

This paper presents design and evaluation of
web-based virtual DSP laboratory developed by
the authors as an instructional tool for
undergraduate students at the Electromechanical
Engineering Department /University of
Technology [Burak ,2008]. The developed virtual
laboratory has been evaluated by (30)
undergraduate students and (5) lecturers from the
Electromechanical Engineering Department /
University of Technology.

Il. LABORATORY IMPLEMENTATION

The implementation of the virtual DSP
laboratory required a variety of tools to facilitate
the use of different presentation methods. Two
important software programs in the development
of the virtual DSP laboratory included Hyper Text
Markup Language (HTML) and MATLAB
Graphical User Interface (GUI).

1) Hyper Text Markup Language (HTML)

The HTML version 4 has been used to
demonstrate theory information of DSP in a web
page form. The main web page of the developed
virtual DSP laboratory will begins with the
presentation screen shown in Fig. 1. As can be
seen from this main web page, the student can
study and perform required experiments in any of
the following topics by clicking on the button 1)
Classification of signals, 2) Sampling theorem, 3)
Fourier series, 4) Complex Fourier series, 5)
Fourier transform, 6) Inverse Fourier transform,7)
Discrete Fourier transform, 8) Fast Fourier
Transform (FFT), 9) Convolution,10) Z-transform,
and 11) Digital filters. These topics constitute the
core structure of DSP course that is presently
introduced to the undergraduate students in
Electromechanical Engineering Department.
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The HTML code for the main web page is
generated dynamically through the Hypertext
Preprocessor (PHP) as shown in Fig.2. The PHP
code is interpreted by a web server to generate the
web page of virtual DSP laboratory. The PHP is
available as a processor for most modern web
servers and as a standalone interpreter on most
operating systems and computing platforms.

2) Graphical User Interface

The Graphical User Interface (GUI) is a
MATLAB based toolbox with the following
features: 1) User friendly environment, (drag and
drop) approach, 2) Developing a model needs
short time 3) No knowledge in computer
programming required to perform an experiment,
4) The student can set the desired parameters in
any experiment and plot result using mouse clicks.
Therefore, GUI has been utilized to perform
mathematical
calculation for any DSP model used herein in this
paper. MATLAB implements GUI through
Graphical User Interface Development
Environment (GUIDE) which allows the user to
create figure windows containing graphical
objects. In order to start create models in GUI type
GUIDE in the MATLAB prompt window that will
cause appearing GUIDE program as shown in
Fig.3. This window is separated equally into right
side window which is called (open existing GUI)
used to open an already exist model in the
workspace while the left side window is called
(create new GUI) which is used to build new GUI
model with the help of four GUIDE templates;
blank GUI, GUI with uicontrols, GUI with axes
and menu, and modal question dialog.

By clicking on the blank GUI in GUI beginning
window and clicking on save new figure to save
model with name SIGNALS_GUI as shown in
Fig.4. The component palette at the left side of the
GUI layout editor contains the pushbuttons, toggle
buttons, lists, menus, text boxes, and so forth
components that will be used to build simulation
program for stepper motor. This component palette
can display with its names.

Note that due to space limitation the authors
cannot presents all programming steps, for further
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details see [Burak]. The following are experiments
of the developed virtual DSP laboratory.

Experiment (1): Classification of signals

In this experiment, the student can conducts
experiment on five types of signals as shown in
Fig.5. Each experiment has a menu on the left
hand side includes objective, theory, example,
exercise, equation, and question. The objectives of
the experiment can be obtained by pressing on the
objective button. The necessary information and
theory bases for this experiment will displayed
after pressing on the theory button as shown in
Fig.6. Example button can be used to present
solved example as shown in Fig.7. The exercise
button is
intended for conducting the required experiment
on continuous, discrete time, and digital signal
using GUI. The last two buttons are used for
mathematical description of the experiment and to
perform self test after complete experiment as
shown in Fig.8 and Fig.9 respectively.

The exercise of experiment (1) shown in Fig.10
was designed in MATLAB GUI. The student can
perform experiment on three different types of
signals, sine, triangle and square wave. The
frequency, sampling rates, and the number of bits
per sample of the selected signal can be changed
through using slider menu .After selection of input
signal parameters, one can plot experiment results
by pressing on display button.

Experiment (2): Sampling Theory

The experiment of sampling theory is shown in
Fig.11. This experiment can be accessed through
clicking on the sampling theory button in the main
web page. The student can explore this experiment
with the help of the menu on the left hand side
which has six different buttons. When the student
clicks on the first button, this will cause in viewing
of experiment objectives while clicking on the
second button will cause to display experiment

theory as shown in Fig.12.
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It is possible to view a number of solved
examples in sampling theory through clicking on
the third button

as shown in Fig.13. These examples can help
students to understand basic principles of sampling
theorem and prepare them to practical exercise.
Fig.14 shows an interactive exercise which has
been developed in MATLAB GUI to deal with
continuous and discrete time domain signals.
Furthermore, the effects of signal aliasing can also
be studied. The student can change the frequency
as well as the phase for the aforementioned signals
either by using slider or by entering required value
in appropriate box and then observe the frequency
spectrum of the signal in a three displays. A web
page containing all the necessary equations for this
experiment can be reached by clicking on the
equation button in the left menu of experiment (2)
as shown in Fig.15.Finally, in order to complete
this experiment, the student should be able to
correctly answer on a number of questions as
shown in Fig.16.

Experiment (3): Fourier series

This experiment starts with reviewing some
historical background for the famous Fourier paper
as shown in Fig.17. The basic principles for
representing any periodic signal by means of
Fourier series were illustrated in a web page as
shown in Fig. 18. It is possible to demonstrate
solved examples that can be helpful to explain how
to obtain coefficients in Fourier series as shown in
Fig.19. From the excise menu of this experiment,
the student can choose from the GUI menu one of
the following signals: 1) Square wave, 2) Triangle
wave, 3) Ramp and Saw tooth waves, 4) Full wave
rectified sine, 5) Full wave rectified cosine, 6) Half
wave rectified sine, 7) Half wave rectified cosine
to perform exercise in Fourier series as depicted in
Fig.20. This exercise has been designed to be
flexible enough in changing frequency of the
selected signal by placing mouse on the

slider.  All the necessary equations for this
experiment were prepared in web page as shown in
Fig.21. For evaluation purpose the student should
be passed a self test as shown in Fig.22.
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Experiment (4): Complex Fourier series

In preceding experiment we have learned
representation of signals by using Fourier series.
Now, the advantageous to use complex
representation of the sine and cosine signals we
will be discussed in this experiment as shown in
Fig.23.

The theory behind using complex Fourier series
in the analysis of signals as a superposition of
complex exponentials was introduced in a web
page as shown in Fig.24. Normally, the principles
of complex Fourier series rely on sophisticated
equations that cannot be understood by student
without solved examples as shown in Fig.25.

The exercise for this experiment has been
developed in MATLAB GUI as shown in Fig.26,
with the following features: 1) There are so many
built in wave forms which can be obtained by
clicking on the slider to perform required
experiment. 2) Changing the amplitude, period and
width of any desired signal is quite simple by
using slider. 3) There are three display windows
used to observe and plot results.

All the necessary equations were given in
Fig.27 while the self test was prepared using
multiple choose as shown in Fig.28.

Experiment (5): Fourier Transform

This experiment addresses the use of Fourier
transform in converting signals from time domain
to frequency domain. The Fourier transform of
continuous and discrete signals will be discussed
in details. It can access this experiment by clicking
on the Fourier transform button in main web page
as shown in Fig.29.

A brief description of the basic ideas and
theorems of Fourier transform can be obtained
after clicking on the theory button as shown in
Fig.30.A solved example that illustrates the power
of this technique in handling signals will be
available by clicking on the example button of the
experiment as shown in Fig.31.

The exercise of this experiment has been
developed in MATLAB GUI for use in conducting
Fourier transform experiments in time domain as
well as frequency domain. This exercise will be
ready to start performing certain experiments after
clicking on the exercise button as shown in Fig.32.

The are many features has been added to
facilitate perform this exercise such as variety of
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signals, change of signal magnitude and phase in
time domain as well as frequency domain is very
simple because it is based on slider, has four
display to monitor results uses two for time
domain and the rest for frequency domain.

The derivations of Fourier transform equations and

some explanation can be found by clicking on the
theory button as shown in Fig.33. The student

should perform multiple-choice self-test as shown
in Fig.34. The grading of this test appears after

complete test.
Experiment (6): Inverse Fourier Transform

The inverse Fourier transforms used to convert
frequency series of complex values into the
original time series. We have been developed an
experiment to study this conversion and it can be
get access to this experiment by clicking on
inverse Fourier transform button as shown in
Fig.35.In order to get more information on the
theory basis of inverse Fourier transforms press on
the theory button as shown in Fig.36.

There is a solved example which may increase
student perception can be viewed by clicking on
the example button as shown in Fig.37.

The MATLAB GUI has been used to develop
inverse Fourier transform exercise in such away
the student can perform experiment in short time
with clear steps. To start this exercise you should
press on the exercise button as shown in
Fig.38.The essential equations and derivation for
inverse Fourier transform could be very helpful in
underline some basic concepts. Therefore, these
equations can be obtained if we clicking on the
equation button as shown in Fig.39.

Evaluating what students have learned throughout

this exercise can be accomplished in multiples
choose test which can be accessed by clicking on

the question button as shown in Fig.40.

Experiment (7): Discrete Fourier
Transform

There are many applications that use Discrete
Fourier Transform (DFT) to perform a specific
task. Generally, the DFT is difficult topic due to

their inherent mathematical equations. Therefore,
we have been developed this experiment to help
student in understanding basic concepts of DFT.
To start this experiment, click on the DFT button
in the main web page as shown in Fig.41.We have
been designed a series of options on the left hand
side of this experiment which give access to the
different sections, for example to get information
on theory basis, click on the theory button as
shown in Fig.42.

It is possible after complete reading theory
basis to view some solved example on DFT
concepts by clicking on the example button as
shown in Fig.43. The exercise for this experiment
has been developed in MATLAB GUI to give
students more insight into DFT and remove any
confusion might be happen due to their
misunderstanding of complicated mathematical
equations.

The exercise can launch by clicking on the
exercise button as shown in Fig.44. There are four
types of signals could be used to perform
experiments such as sine wave, square wave,
triangle wave, and saw tooth wave. These signals
can be selected by placing cursor at the signals
menu. Also, the number of cycles in the selected
signal can be changed similarly. To get detailed
mathematical equations and derivation of DFT
press on the equations button as shown in Fig.45.
The end of this experiment include multiple
choose test that should be performed by any
participated student and this test could be launched
by clicking on the question button as shown in
Fig.46. If the students did not get good score in
this test, they should repeat experiment again.

Experiment (8): Fast Fourier Transform

The Fast Fourier Transform (FFT) is a
mathematical  approach aims to  reduce
computational power of DFT. The FFT have a
wide range of applications in communication,
biomedical engineering, and radar systems.
Therefore, the FFT has become an invaluable
analysis tool and every enrolled student in this
course should have good expertise to use this tool.
Fig.47 shows FFT experiment which can be

launched to perform experiments by clicking
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The student can obtain more information on
basic concepts of FFT to increase intuitive
development by clicking on the theory button as
shown in Fig.48. An 8-points solved example was
used to intuitively justify the FFT algorithm. This
example will be launched by pressing on the
example button as shown in Fig.49. From this
example one should be note that the FFT owes its
success to the fact that the algorithm reduces the
number of multiplications and additions in the
computation. By clicking on the exercise button
the student can start performing experiments on
FFT as shown in Fig.50. The graph of FFT
spectrum can be displayed on the three small
windows. Fig.51 shows part of the FFT equations
which can be browsed by clicking on the equation
button. As with the preceding experiments, the
student should answer on a number of questions in
order to complete this experiment and this test
could be started by clicking on the question button
as depicted in Fig.52. The minimum score to pass
this experiment is 50 percent.

Experiment (9): Convolution

The convolution can be defined as a
mathematical operation on two functions f and h,
producing a third function that is viewed as a
modified version of one of the original functions.
The convolution is of great importance due to its
wide range of applications from signal and image
processing to acoustics and probability theory.
Fig. 53, shows the convolution experiment which
can be launched by pressing on the convolution
button. When the student pressing on the theory
button a web page as shown in Fig.54 which gives
detailed information on convolution
fundamentals.

A solve example can be accessed by clicking
on the example button as shown in Fig.55. The
purpose of this example is for assistance in
learning convolution. Now, the student can
perform experiment on convolution by pressing on
the exercise button as shown in Fig.56. It is
possible to choose the desired signal to conduct
convolution from a button called get x(t). Three
displays were used to monitor two input signals,
multiplication and convolution results,
respectively. The equations of convolution
theorem are shown in Fig.57. The self test question
of this exercise is shown in Fig.58.

Experiment (10): Z-Transform

284

The Z-transform is very powerful mathematical
tool used in design, analysis and monitoring of
systems. The importance of this experiment comes
from the fact that knowledge of Z-transform is
essential to design of digital filters. This
experiment will be started by clicking on the Z-
transform button as shown in Fig.59. In this
experiment, the definition of the Z-transform from
the Laplace transform of a discrete-time signal as
well as the properties of Z-transform is presented.

A useful aspect of the Z-transforms is the
representation of a system in terms of the locations
of the poles and the zeros of the system transfer
function in a complex plane can be found by
clicking on the theory button as shown in Fig.60.
Several examples illustrating the physical
significance of Z-transform and their effect on the
frequency response of a system is available by
clicking on the examples button as depicted in
Fig.61.

An interactive and user friendly software
program has been developed in MATLAB GUI to
conduct experiments in z-transform. This exercise
can be accessed by pressing on the exercise button
as depicted in Fig. 62. The developed Z-transform
exercise has the following features: 1) Students
can add poles and zeros by mouse click or by input
required poles and zeros in box. 2) Poles and zeros
can be moved around the Z-plane by selecting
them and pulling the mouse around, with the
instant update of the system frequency impulse
response. 3) System transfer function or filter
coefficients were used to indirectly specify poles
and zeros. The derivation of the so-called Z-plane,
and its associated unit circle, from sampling the S-
plane of the Laplace transform can be accessed by
pressing on the equations button as shown in
Fig.63. A multiple choose test should be
performed by students to measure learning at the
various cognitive levels. This test can be started by
clicking on the question button as shown in Fig.64.

Experiment (11): Digital Filter

This is the last experiment in the developed
virtual DSP laboratory. In this experiment, the
students can conduct experiments on the digital
filters for both Infinite Impulse Response (IIR) and
Finite Impulse Response (FIR) by clicking on the
digital filter button as shown in Fig.65.
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A digital filter is an electronic filter usually
linear used in removing undesirable elements of a
signal or compensating for some frequency
dependent distortion within the signal. For more
information on these filters as well as
advantageous and disadvantageous can be reached
by clicking on the theory button as depicted in
Fig.66. Numerous numbers of solved examples in
digital filters have been added into this experiment
to help students in understanding theoretical
concepts. These examples will be viewed by
pressing on the example button as shown in
Fig.67.

The exercise of this experiment will be started
after pressing on the exercise button as shown in
Fig.68. From this figure, it is clear that, the upper
GUI model can be used to perform FIR filter
experiments while the middle GUI model used to
conduct IIR filter experiments. The features of the
developed exercise can be summarized as: 1)
Students easily can select filter type to conduct
experiment such as a low pass, high pass, band
pass, and band stop filter from the popup menu. 2)
Allow to change filter order, frequency (1) and
frequency (2) using the silder. 3) Options, such as
rectangular, bartlett, hamming, hanning, and
blackman windowing functions are also available
to applied using slider. 4) The pole- zero
placements and the magnitude of the filter can be
observed by using two display screens (see lower
figure in Fig.68).The mathematical equations of
FIR and IIR filters can be obtained by clicking on
the equations button as shown in Fig.69. The
student should be exposed to a test consists of
multiple choice questions each question has two
answers. This test could be started by pressing on

the question button as shown in Fig.70.

I11-Evaluation

The developed Virtual DSP Laboratory has
been evaluated by fifteen final year students (10
males and 5 females). All the participants in the
survey were from Electromechanical Engineering
Department, University of Technology. The Likert
scale will be used to analyze the results of the
guestionnaire survey. This scale measure either
positive or negative response to a statement. The
responding to a Likert questionnaire item,
respondents specify their level of agreement to a
statement. A recent empirical study found that a
five point or seven point scale may produce
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slightly higher mean scores relative to the highest
possible attainable score, compared to those

produced from a ten point scale, and this
difference was statistically significant
[Dawes,2008]. Therefore, in this paper, the

students were asked in questionnaire survey to
provide their degree of agreement using five-point
Likert scale (strongly disagree 1, disagree 2,
neither agree nor disagree 3, agree 4, and strongly
agree b).

The evaluation statements were designed to
assess the students' attitudes toward using the
developed virtual DSP laboratory in the course,
make sure that it's achieve course objectives, and
to determine if the students would find the
presentation and the contents of the developed
virtual DSP laboratory beneficial to their
performance, learning, and understanding in the
laboratory course.

Means and standard deviations of the survey
results are presented in Table 1. As indicated in
Table (1) the students generally agreed that the
developed virtual DSP laboratory provides a
convenient environment for learning. It was also
confirmed that developed virtual DSP laboratory is
fairly easy to use in the sense of moving around
different menus rapidly. Furthermore, they were
able to take as much time as they wished to review
the material. The best part of developed virtual
DSP laboratory turned out to be, as intended, its
user-friendly environment and easy accessibility.
Majority of students thought that the virtual
laboratory was helped them to get a better
understanding of signal processing and that they
were able to visualize some of the concepts.

Conclusions

In this paper, a web based virtual DSP laboratory
has been developed in MATLAB GUI and HTML to
enhance the understanding of concepts taught in the
undergraduate DSP course. The proposed virtual
laboratory is affordable, interactive, and can be used in
distance learning via using World Wide Web (WWW).
Furthermore, offers an excellent and suitable platform
to prepare undergraduate students before they are going
into the actual laboratory.

There are 11 experiments have been performed
using the developed virtual DSP laboratory and all of
these experiments were selected from the curriculum of
the  Electromechanical Engineering  Department
/University of Technology. A methodology for
evaluation of developed virtual DSP laboratory based
on five point Likert scale was outlined. The results of
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questionnaire survey indicate that the majority of the
students felt that the developed virtual DSP laboratory
was beneficial in understanding of DSP algorithms,
make learning an enjoyable experience and it had
further aroused their interests. It is expected that the
virtual laboratories as promising technology will
increasingly use in engineering and sciences colleges to
complement hands on laboratories but not to substitute
them.
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Fig.1 Main web page of virtual DSP laboratory.

Fig.2 HTML code of the main web page.
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Fig.3 GUIDE quick start dialog box.
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Fig.4 GUI layout editor.

A

A Web Based VDSPL  Microsoft Internct Explorer.

B =E ton toees b o =
Dok - € - ¥ [B) €| SO searcn P ravories €3 SR = - L [ e S
Addross [ Rtk ffineres . CMES] 1-VDSPL . com ~| B3 o Linkes ™ 4 Comvert  — [RF] Select

WVirtual DSF Laboratory
E g erimert N O 1

Cfassification of sigrals
PR -2 — Signals can be broadly classified into the following categories
e e 1- Continuous and discrete time sizials.
2- Analog and digital signals.
3- Periodic and a periodic sigials.
[ Egoations | 4- Encrey and power signals.

S- Deterministic and probabilistic signals

Fig.5 Web page of experiment (1).
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= oa s
Soluaen
|- o) e
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a1

: EEnd the enersy of siznal defined by

r(O—=c

Solution :

Fig.7 Web page of solved example introduced in experiment (1).
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ZH Web Based YDSPL - Microsofl Internel Explorer
File  EdiL views | Faworites | Tools Mol

D o -~ @D = [E | D e Sl e €D | £ -
~| =3 =~ Vink= ~7 | @5 Conwer! £~ [ select

REEp: f f st EFECH_WOSPL o

P

1- A sigmal Z(¢) is am emmerzy sigmaal &f

Ilg(()lz e < oo

2. A sigmal g(t) @s powwes sigmal @f
iz

N 1
O = ldina - |g(z)|2(fz = e
i

L Py Computsr

=1 Cone

Fig.8 Web page of equations used in experiment (1).

A- classify the siagnal

fit)—cos (3t)

the signal is random

|
U T 1|

2- periodic sianal is a:

== - e o 1l
[ ——— 1|

Z- The power of eneray signals is zero while the energay of DPower Signals is iafinike

|I == |
=11 |

i

) Lone

Fig.9 Web page of self test questions applied to experiment (1).
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File  Edit  “ioas Trsort  Tools Dosliop  Swindows  Hole —

vuous,. Discrete tine and Digital signals

i o e = Processino marame

1 Done 4t Corare e

Fig.10 Web page of exercise for experiment (1).

2§ Web Based VDSPL - Microsoft Internet Explorer = 1E=15
Fie Edit view Favortes Toolks  Help a*
ek - @ - [x] [F] €0 SO search Sl rovories €2 G- = - )R 23 i

Address [ hetpesfusme EMECH-VDSPL.coml V| EJse rke » @comvert - PRiselect

Virtual DSP ILaboratory

_Objective | Experiment NO.2

e Sampling Theorem

Periodic sampling, the process of representing a continuous signal with a sequence of discrete data values., pervades
[ Eguations the field of digital signal processing.

&1 Done ¢ My Computer

Fig.11 Web page of experiment (2).

Fig. (1) continucous tHme sinusoidal sional
NAF ) — L cos (T 1 5D e
N L) — A cos (R AL ) D

Al A O is the

% (M) oF e simoeal lhe corresponding discrers time sisnal A[n] can e obramecd
Prence. ~[n]

Nlrrl— N (2T ) — A cos (a1 1 @) Lz
N[rr] — NPT ) — A o (DA TE sy (25

orrermtion cun e oo
TUJEIP PR PSR P R

5 Web Dased VDSPL - Microsoft Internet Explorer =)

Flle Edit  wview Favorktes Tools  Help

B<)
=

Dok - @D e B €0 SO s S Favurites EZ) 2 - = - L) 128 e 22
Auddress | REEp i EMECH-YDSPL.com ~ | B s Like > &@Comvert - R Select
Exam

example:— Find a signal a(t) that is band - mited to B Hz and whose samples are
=(0)—1 and w(=T)) — 2(#2T ) — 2(=*=3T ) — ... — 0
where the sampling interval T, is the Nyquist interval for e(t). thatis. T =1 / 2B

Solution :
We use the interpolation formula

=2@) — > kT )ysinc(2aBt — kA7) £ = S EkT, )y c(278E — k)
= B

&1 Done. 4 My Computer

Fig.13 Web page of solved example used in experiment (2).
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durins samplins.

Fentures:

S Tmcrs can chanse the inpol feguency ad sampli
Wirequency axis can be labeled in hertz or radians/sec.
BRoeconsuuction dnousl /A s also shiowi

S e cnare o

E) = DS, D) = D2 Gel IS s t))
&y 7y — %[1 | 2coscns | 2cos2ans | 2COos3ans | ... 1
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1

T o=

Sty < ornpies

Fig.15 Web page of equations used in experiment (2).
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Say 12 samples of one time period of a discretized sine wave are given. How to determine the absolute time period of the sine wave

1
ar Ts = 0.05 msisample )

(Do
|

[Elo.6 ms

2. In discrete systems absolute frequency determination In Hz Is dependent upon the
=am auency fs =

S e o

R

Fig.16 Web page of self test questions applied to experiment (2).
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VL oy EMECH-VDSPL it ~| B3 se  Lnks >  @uconvert - PRsoioct
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o e A AgreTEmeTt NS
: Fowurier .Series _Analvses
[— =~ ]
Foseph Fourier submitted a paper in L X07 to the Acadeny of Sciences of Paris. The paper was a mathematical
[ Exmemere description ol problens mvolvineg heat conduction. and was al Lirst rejected for Luck ol mmthiennatical risour.
However. it contained ideas which have developed into an important mrca of mathcmatics named in his honour,
e e— Fourier analysis.
Accordine to the theory developed by Fourier. amy periodic function 772/, with period 7% may be represented by an
[ Emarions infinite series of the form
—Qermetion | where the cocfficients a,,. . and b for a siven periodic function 77
= TR
[ —— e =5
Edi inia oy el e
Bade - & = [E] @& | 52 search Favorites  EE) 0 - = - L) L 2%
BRI e s EMECH-VDEDL com = Gu | tiks | @ucanverr - BB Gelect

Fowurier series

| What is Fourier entation and why do we need it ? The analy
made casicr il we can represcnt different sing some basic set of signals. Fouricr Sciies is one kind ofreprosentation of
sigmals. where we use coinplex cxpoiiciili o basic signals can be uscd lo construct more usitie
Fourier Series representalion. Fouricr Seiie used Lo represent both continucus and discrete Periodic

of LTI (Linear Tune Invariaut) can be

Fourier Series representation of Continuous time periodic signal

There are two well known basic periodic signals. the sinusoidal signal

~r)=

e

and complex exponential s

enal given a
x(7r) — et

These are periodic with fundamental fiequency w0 and fundamental period T — 2p/wO. These
(1) = x(t+T) Associated with this signal are other harmonic complex exponential,

enals are called periodic since

. 2iven a

Bl

3 M Sopter

Fig.18 Web page of theory bases for experiment (3).
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- e € [A € | 7 e R > - = - ] @4 =%
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HExamplc
example (1)
1. Show that the Fourier Series coefficients for the square wave studiec earlier are:
nz- =
: &, —o
a, and a,,were found in the notes. To find &, we use o, i s evvenm
I8~ s
oe = ; (P sin (o2 ) i
andl
L o<r<?
e — =
<r=o
to fin
N o

Fig.19 Web page of solved example used in experiment (3).

CHUIL that slaoswvs kb
Forene it o o
£ the Followitam ricmnals can be

=S

Features

Wi ozl alo

Aateaaitude ard Dl sl)g-.l: wan of tae

= Ooprtacon 1 od

ALIOL Oplion Lo sel the widlh ol sisnals displuycd is availuble, mid caables e tool Lo be ellvetively wsed as u Lecture uid in o clussro o
caavironmacat

Surirer sorics cocicicnts are displayed.

) o

2 o compse

Fig.20 Web page of exercise for experiment (3)
292



Number2 Volume 17 April 2011 Journal of Engineering

W Wel Based VDSPL - Microsoflt Intermet Explorers

[=15<]
ikt e e SEavoritets | Sloolsd SHe o
Dk - D = [ @n | D e P ravenas €3 | 63 e = -
Al [ EE /v EMEISH-WEISPL com ~] . Lk ™ @ Convert - MR Select
Iguation
e [an Y S ﬂ]
> = 2 2
L i~ EN R rete
E e a, — = [x(rcosren
Th g T
2 - N
B, — — [ (e) sinn re condeft
T g
a —Average vahie of x (£). a_— O for x (f) odd. b _— O for x () even

a,. b =0 mn even, for x (t) odd, half — wave syounetrical

& My Computor

Fig.21 Web page of equations used in experiment (3)
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Fig.22 Web page of self test questions applied to experiment (3).
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[ Egmafions | obtained by substituting the complex exponential foraims of sine (.)ot aiwd cos (.)ot o
I

Fig.23. Web page of experiment (4).
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Fig.25 Web page of solved example used in experiment (4).
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I Exercise

The Complex Fourier series is a GUI that shows
Fouriar Scrics synthesis using ditfcrent numbers
of Fouricr cocfficicnt.

Features:

I The Fourirer series coefficients are displayed.

FThe period and the width of signal can be
changed to any desired value,

FThere is plot option that enable us to display
results.
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Fig.27 Web page of equations used in experiment (4).
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Fig.28 Web page of self test questions applied in experiment (4).
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CObjective Experiment NO.S
—TTeory Fou er Transform
CZ=mmpre i s i i a i i i
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the Fouricr transform, and vice voers:a.

& 7 Comoer

Fig.29 Web page of experiment (5).
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Fig.31 Web page of solved example used in experiment (5).
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represented internally in a symbolic manner so that the siznal
and  its  transforin  are accurate representations of the
continuous Fourier transform and not a discrete approximation,
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Fig.32. Web page of exercise for experiment (5).
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Equation

Fourier Transform of f (t) is
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7 Fig.33 Web page of equations used in experiment (5).
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Fig.35 Web page of experiment (6).
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For illustrative puposes fhe inverse of spectra which can be described by piccewise confinuous functions as shown opposite will be considered. With this
assumption. the intcgration to tind the inverse can casily be carried out. If also illustrates the duality property of the Fouricr Transtorm. As shown in the diagranm
oppo=ite the real and anaminary parts of GHw) can be s])ccmc(l

The real part of CHw) is cdefermined by a. b and £in the < o and is shown as o (W

The imaginary part iz determined by c. d and T and is Showin as = (W).

The real part of the transform is cven and its inverse producces the cven part of £#(t) while the imaginay (odd) part of the transtonm produces the add part ot 17(t)
The diazram opposite shows a spectitun consistine of 2 separate picces

The real (even) part of the spectium i
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viv determined by o, dl e md ©
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Fig.36 Web page of theory bases for experiment (6).
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Fig.37 Web page of solved example used in experiment (6).
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Fig.38 Web page of exercise for experiment (6). S
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Equation

Inverse Fourier Transform of f (t) is
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Fig.39 Web page of equations used in experiment (6).
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Question
The inverse Fourier Transform f(t) can be obtained by substituting the known function G(wo) into the second cquation opposite and integrating.
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[ETne I
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Virtual DSP Laboratory
periment NO.7

[ Exmmpte | Discrete Fourier Transforms_

The Discrete Fourier Transform (D F.T) is an invertible transform widely employed in signal processing and analysis. It can be
[ Egmations computed using stable efficient algorithms known as Fast Fourier Transform (F. F.T) algorithins.

&1 core

3ty Computer

Fig.41 Web page of experiment (7).
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Fig.42 Web page of theory bases for experiment (7).
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Example:- Suppose we have two four-point sequences x[n] and hin] as followws:
Alr] — cos(me £ 2y, 1 — 0.1.2.3
B[] — 27, =023
(a) Calculate the four-point D.F. T X [k].
- Solution: .
The fonnula of our-point DET  XTAT = > alxe™ =750
ilule x[] Lo he fonmula,
V01 )50
Ty =
X[2] — 1+0+( 1)+0 — O,
X[3] = 1+0+1+0 = 2
& o

Fig.43 Web page of solved example used in experiment (7).
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pedin MATLAB GUL
T on. vPpe of siemals
cles. The following signals can be symthesised:

Fil= Edit %ew Insert Tools Desktop Window Help -

3 Simwe tontis DISCRETE FOURIER

Emtores # of crcles
Fuse onc of the available signals shown above. Scuare -1, o o Couroeno
Jtne orof evelan. Eilmm O

& e

Fig.44 Web page of exercise for experiment (7).

= I[=E=]
P rie ear  wview ravontes Toos el o
S eack -~ ] [ @0 | SO search Slrravortes €| £~ dom @ - [ "=~ 8
Address [ http: /v . EMECH-WDSPL .com ~| B3 = Links * @85 cCnnvert r - [ Selert

Fguation

Discrete Fourier Transform

At
Y = T CY s

L
=

e 2
D= A oe” 7T
=

3ty Computor

Fig.45 Web page of equations used in experiment (7).

1. The T3 F T to o peviodic foune ton

[~-] vas “
[CRNTS

2 The D F.T to continuouns function

(] vas |l
5] ree I

T - R |

Fig.46 Web page of self test questions applied in experiment (7).

on the FFT button.

= Weaeb Basad VDSPL - Microsoft Intarnaet Explorar
Fie et new  Faverkes  Tool 1= el e
€D ook -~ D =) [B] @0 | 5D search Shpraventes € | £2- B = - 1 e a3
Addresa [ Rt f s TREC1 IVDAR oo <~ Ga Linis > @Buconvere - [ARsslect
Tivtual DSTP T.aboratory
(Cpiective | periment NO_ S
| TFreory | N =
ooy Iast Fourier Transform
—mmegals 1-The FFT provides a mcans to reduce the computational complexity of the IDFT by takces arithmctical operations from
[ Excwcise |
—_—— |order (723 to order (M los, (D)
2-The EFT als is > 1 1 Ly vsing DS chips such as Toxas and devices
—Remsian [3. Lhe computational cost of doins both VIL and UL may be less than conventional ncthods.
& one

4 v computer

Fig.47 Web page of experiment (8).
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Fig.48 Web page of theory bases for experiment (8).

=

Fig.50 Web page of exercise for experiment (8).

2\ Web Based ¥DSPL - Microsoft Internet Explorer.

File  Edit  View  Favori tes Tools  Help =
Qe - © - ¥ [ @ PO sewen Fiorevonies €| (- S @ - FeRn-
fddress | hieps £ EMECH-YDSPL.coml ~| B3 so Links >>  &@gConvert t - [ select

Kquation

X(K)=G(k) + Wk _ H(k)

&) Done

2 My Computer

Fig.51 Web page of equations used in experiment (8).

2% Wab Basad VDSPL - Micresoft Intarnat Explorar
Dok - D - (B B G| O e Lo €D - B = - [ DRl L
e T = = e e ¢ - ERseec
T
The F.F.T is a faster version of the Discrete
Fourier Transform (DFT).
AT ves I
CEITS) I
&l bone T

& My Computer

Fig.52 Web page of self test questions applied in experiment (8).
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Comjective
CTomnvaolution
[ Coxy olution is Uie Lo wiven (o e mathcnatical techmigque 1o deternining o =ysler oulpul wiven o inpul simaal and

the systen unpulse response. Lt is wwritten as

e
Correlation is o tochmigue that is very similor in ancchmisi (o convolution. with one subtle ditTaronco. The comrelation
fremnl is miven by

e Fom B LD A T B G hife this paay appoar to be similar to cquation (1) with somc chanscs of variable. unlilkc

convolultion where is tine reversed. 11 correlation Uhis is not Uie case. The iatemal thus 110 lonser 1eprescits Uie oulpul ol
o Filter driven by au input sizanl)

Fig.53 Web page of experiment (9).

S8 v Compure

-2 D vemch Slcioven- €D | - S = - L) K EL 2%

EX s We will convolve tomcther two square pulscs. () and L) . as showwn in Fisure 1

1.5 i
T SOV - SN S, - W N : SR (S . S o
|
Ta "E "E Ta
1
o
3 1ls uls u uls 1le =

Tieure 1: Two basic sionals that we will comvohre toncther.

e wAll tals the functions and reflect it aroumnd the y-axis. Lhen we naust shift the function. such that the orimin. the point of the function that was
1 it £ This step i Ticane -

abeled as o N

3w compurer

Fig.55 Web page of solved example used in experiment (9).

= o cenme

Fig.56 Web page of exercise for experiment (9).
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Fig.57 Web page of equations used in experiment (9).

B e e b com = B e | inks 7| i - [ Skt
1= THatate = w aailar

A wes 1|

[T Trao I

Z The Cross correlation between two similar function

(Al ves ]|

[E=ET If

&1 pone 3ty Computer

Fig.58 Web page of self test questions applied in experiment (9).

N i tunzal IS E I _calrarnzatarny

A ieritend LTl T

(e |

= W

Fig.59 Web page of experiment (11).

=
Bc e B =- 2 =1 - L ] e

N T T = P

o Ty

Fig60 Web page of theory bases for experiment (11).
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- Fig.63 Web page of experiment (10).
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Fig.64 Web page of theory bases for experiment (10).

ZN Wcb Bascd VDSPL  Microsoft Internct Explorer =) =)
Filo  Edit  Wiew Favorites Tools  Help =
ek - D ) [E] R | D search Sl ravonres €2 - o = - ] Pl & =%

Addross [ itk e .CMECH I-VDSPL. com ~ Go Linle *  @BycConwert ~ [R5 Selsct

Example
EX :- Find 7.T. of unir impulse signal?

Solution : —

sens = [4]
X (=)= > xc{k3z
— 1oy 7o+ —1=7 _0=1

=] Don= 2 v Computer

Fig.65 Web page of solved example used in experiment (10).

=5 S eaeos

Fig.67 Web page of equations used in experiment (10).
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ZM Web Bascd ¥DSPL _ Microsoft Internct Explorer

ek - @D = [E an |  searan Tl revnies £ - e = - L) =" 8

Address [ i, Sivriories EMECH-VDSPL. oo ~| Go Links 2> W5 Convert ~ P scloct
1- The Lincarity and Declay arc all propertics of Z.T

(AT wes 1|

[[5Tne |

P = — e e —— e —— e — e — e — ————

2-Laplace transtorm. recursive digital filters are developed with a parallel techmique called the z-transtorm.

AT yes |
Il

=TS
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Fig.68 Web page of self test questions applied in experiment (10).

Z_in TTR filter the phase chistorfion is frequently a problem.

[[ESEEESS 1|
=SS I

oz Glier the phase distorion is fegquently o prob e

e ss= 1|
B Tre I

53 ray omrerer

Fig.70 Web page of self test questions applied in experiment (11).

Table 1 Survey results

Responses

Survey Questions 112130 a!ls5]!| Mean Stapdgrd

Deviations
Q1- | Was the virtual laboratory well organized? 0] 0| 0] 2|13 486 2.22
Q2- | Were the learning outcomes clearly defined? 0|0 |0] 4|11 473 1.62
Q3- | Ran well on my computer? 0|0 |0]1]14]| 493 2.99
Q4- | Loaded in a reasonable amount of time? 0|0 |1 |1]|13 4.8 1.96
Q5- | Was virtual laboratory easy to navigate? 0] 0| 0] 2|13 486 2.22
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Q6- | There were enough figures and solved examples? 0] 00|69 4.6 1.19
Q7- | Isthe virtual laboratory material of high quality? 0] 0| 0|5 ]10]| 467 1.37
Q8- | There were enough exercises? 0] 0| 0] 2|13 486 2.22
Q9- | Was virtual laboratory easy to understand? 0|0 |0] 4|11 473 1.62
Q10- | Would be helpful in preparing for the hands on laboratory? 0] 0|O0]|7]S8 4.53 1.33
Q11- | Have you learned with this virtual laboratory? 0] 0| 0] 2|13 486 2.22
Q12- | Would you recommend this laboratory to other students? 0| 0| 0] 5 ]10| 467 1.37
Q13- | Overall, how would you rate this virtual laboratory? 0|0 |0]1]14]| 493 2.99
Q14- | Should have more images/text demonstrations? 715]0]3]|0 1.93 15
Q15- | Helped me to feel more confident about the procedures? 0] 0| 0] 4|11 473 1.62
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