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Abstract—This paper discusses the teaching of Fourier
Series concepts in undergraduate Electrical Engineering
education with the help of an Android application, especial-
ly developed to that end. In order to better understand the
links and implications, some of the basic Fourier series
theory is briefly reviewed. The Android application has an
easy-to-use, friendly interface, conceived to help under-
graduate students test and assess the Fourier series expan-
sions on a typical set of signals. The application also allows
the students to control the total approximation error and
the number of terms/harmonics used in the expansions. It
has been found a very useful learning resource in the Fouri-
er series context.

Index Terms—Android application; Fourier series expan-
sions; undergraduate Electrical Engineering education

I.  INTRODUCTION

Fourier series expansions and Fourier theory in general,
are among the most important studied topics in under-
graduate Electrical Engineering education. Consequently
and naturally, a large fraction of the signal processing and
also mathematical literature is devoted to the teaching of
Fourier series expansions, and Fourier theory in general.
Having a solid understanding on the most basic principles
of Fourier series expansions is of utmost importance,
especially when dealing with problems which fall, for
example, in the scope of multidimensional signal recon-
struction, and which includes sampling theory, interpola-
tion, extrapolation, signal and image conditioning, interac-
tive image repair, deconvolution and other inverse prob-
lems, reconstruction in tomography, filter design, and
much more.

We believe that a first course focusing on Fourier series
expansions would benefit from the existence of a tool
that let students test and assess Fourier series expansions,
anytime and anywhere they want, and using their own
Android powered devices (for example, during the lunch
time conversations, using their own smartphones and
tablets). Moreover, this application can be a welcome
addition to the toolbox of Electrical Engineering students,
especially to those interested in telecommunications, in-
formation theory, or signal/ image processing in general.

Solving problems while experimenting and comparing
the available algorithms is of fundamental importance in
the learning process. The application presented in this
paper was aimed at helping students do that. Additionally,
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we felt a need for tools that could be easily used inside or
outside the classroom, easily updated and/or maintained,
and that the students could use on their own smartphones
and tablets, taking advantage of the concept “anytime,
anywhere” and the increasing number of available mobile
devices with the required functionalities and capacities,
and the number of students using them.

The next section, section II, is used to define “mobile
learning” and introduce some concepts related to it. In
section III the Fourier series definition used in the An-
droid application is presented, along with a typi-
cal/traditional example, to help clarify the ideas that lead
to the development of the application. In section IV the
Android application is presented, and in section V we
present and discuss some of the results achieve with the
survey applied to the users (students) of the application.
The paper ends with section VI, where some conclusions
are presented.

II. THE “MOBILE LEARNING” CONCEPT

The objective of Mobile Learning (mLearning) is to
provide the learner with the ability to learn anywhere and
at any time. However, the term mLearning can have dif-
ferent meanings. It is closely related to eLearning, educa-
tional technology and distance education, but it is distinct
in its focus on learning across contexts and learning with
mobile devices.

One definition of mobile learning is “Any sort of learn-
ing that happens when the learner is not at a fixed, prede-
termined location, or learning that happens when the
learner takes advantage of the learning opportunities of-
fered by mobile technologies” [1]. Clark Quinn (2000,
http://www.linezine.com/2.1/features/cq
mmwiyp.htm) defines mLearning as “eLearning through
mobile computational devices: Palms, Windows CE ma-
chines, even your digital cell phone”. Harris, [2], defines
mLearning as the intersection point between mobile com-
puting and eLearning, producing a learning experience
“anytime” and “anywhere”.

mLearning is indeed characterized by this capacity of
accessing learning resources from anywhere, at any time,
with high search capacities, high interaction, high support
for an effective learning and a constant valorization based
on the performance. So, one can see mLearning as an
extension of eLearning, but characterized by its capacity
of being independent in terms of space and time. The idea
is to have small devices capable of being linked to the
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internet, easy data input, and the ability to display high
resolution images and also (very) good sound capacities.
Hence, mLearning can benefit from all advantages of the
web added to mobile technologies.

In summary, we may say that mLearning relies on the
utilization of mobile technologies at the service of the
processes associated with teaching and learning. In other
words, with the use of mobile devices, learners can learn
from various locations.

Like any other technology and methodology, care must
be taken when designing and implementing mobile appli-
cations intended for mLearning. For example, [3] discuss-
es the design of personal mobile technologies for lifelong
learning. Reference [4] reports an open source document
search engine and mobile architecture to provide mobile
learning support for trainee social workers in the UK, also
presenting and discussing its benefits and constraints. The
authors of [5] discuss the development of smart adaptive
user interfaces for mobile e-Business applications, and the
lessons learned. Universal instructional design principles
for mobile learning are presented and discussed in [6]. In
[7], the modelling, design, development and evaluation of
a hypervideo application for digital systems teaching is
presented and discussed. The process of life-long learning,
in conjunction with three different models for mo-
bile/ubiquitous applications is discussed in [8]. A
knowledge engineering approach to developing e-libraries
to assist teachers in defining metadata in mLearning con-
texts is proposed in [9]. Reference presents a formative
assessment-based mobile learning approach to improve
learning attitudes and achievements of students in south-
ern Taiwan, and describes a system to support the genera-
tion of adaptive mobile learning environments where
students and teachers can accomplish different types of
individual and collaborative activities in different con-
texts. The use of mobile devices and technology was also
presented and discussed during the process of review,
design, and delivery of a course in modern embedded
systems, an international collaborative teaching project
involving the University of New South Wales (Australia),
Manchester University, and Imperial College, London
University (United Kingdom) [12].

As far as we know, the use of mobile devices in
mLearning contexts to teach Fourier series expansions in
undergraduate Electrical Engineering courses was first
proposed in [13]. Here, we present a new version of the
application and discuss the results achieved so far.

III. FOURIER SERIES DEFINITION

We believe that a small introduction to Fourier series
will help to clarify the ideas that lead to the development
of the application, as well as the links and implications.
This section is dedicated to this.

A signal (function) s(f) is said to have period T if
s(t+T) = s(¢) for all ¢. If the signal is piecewise continuous
in a period, with finitely many points of discontinuity and
finitely many maxima or minima (also known as Di-
richlet’s conditions), then the Fourier Series converges to
[s(#+)+s(t-)]/2 (see, for example [14], for details on exist-
ence and convergence of the Fourier Series). In that case,
the Fourier Series of the signal s(¢) is given by

s(t) =4y + Z A,cos(nwgt) + Z B, sin(nwyt),
i=1 i=1
with
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where oy = 2nf’, and /= 1/T , the fundamental frequency
of s(?).

Fourier series may come in different “flavors and
tastes”. Here, we are interested in the different connec-
tions and interpretations it may have from a future electri-
cal engineer point of view. For example, see chapter 5 of
or for the connections between the complex and trigono-
metric forms of the Fourier Series, the Fourier Series as a
special case of the Fourier Integral, waveform sampling,
and sampling theorems.

A. Fourier Series of Even, Odd and Half-wave
symmetric signals

The Fourier series expansion of an even signal s.(¢)
with the period of 7 does not involve any odd terms and
so it has the form

Se = Ay + Z A, cos(nwgt),

n=1

4

Figure 1. Plot of the square-like wave signal defined by equation 1.

where the coefficients are given by

2 (2
AO = ?-fo Se(t)dt,

and

4 (2
—f s, (t)cos(nwyt)dt.
T 0

Similarly, the Fourier Series expansion of an odd 7-
periodic signal s,(f) consists of sine terms only and has the
form

A, =

[oe]
Sy = Z B, sin(nwyt),
n=1

where

4 (2
B, = —f s, (t)sin(nwgyt)dt.
0
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A T-periodic signal s,(f) is said to have half-wave
symmetry if s,(¢=7/2 )=—s,(¢). In that case, the Fourier
series expansion coefficients will be

Ay =0,
0, n even,
+T
A, =4 (7
?f sp(t)cos(nwyt)dt, mnodd,
0
0, n even,
4T
B, =144 (7

?f : sp(t)sin(nwyt)dt, nodd.
0

B. A typical example—square wave

The next example shows a typical calculation of the
Fourier series expansion coefficients, that we usually
solve during the theoretical-practical classes.

Let the periodic signal s(f) be defined by

-1, —-2<t<-1,
s(t) = { 1, -1<t<], @))
-1, 1<t<2.

2 1

0

-3 -2 -1 0 1 2 3

Figure 2. Result of shifting and translating by one the signal presented
in equation 1.

Typically, to find the coefficients of its Fourier series
expansion we begin by plotting the signal. One possible
result is shown in fig. 1. From this figure (or from equa-
tion 1) we can easily find that the period is 7 = 4, leading
to @y = 27/T = w/2, and that s(¢) = —s(f), leading to B, = 0.
Additionally, we may also note that s(¢+7/2) = —s(¢) (half-
wave symmetry), leading to 4, = 0 for all n even. In con-
clusion, we only need to find the coefficients 4, for n odd,
and so the Fourier Series expansion will be of the form

s = i A, cos (ngt).
n=1

nodd
By the definition above,

L
A, = Tfo s(t) cos(nwyt) dt,

1 2
= é{f cos(nwot) dt + f — cos(nwyt) dt},
T U 0
_ 4 |[sin(nwgt) 1 _ sin(nwgt) 2
" Tl nwet |, nwet ||’

= #{sin (n%) — sin(nm) + sin (n %)},
Wy o

= gz 25 ()]
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resulting in

—, n=3711,
T
An=1T"
—, n=159,--.
nm

Note that the signal plotted in fig. 1 and the correspond-
ing expansion coefficients are the same used in the
“square”-like wave form used in the available signals of
the application (also illustrated in fig. 3).

Now, suppose that we shift the signal up and translate it
right by one. The resulting signal, s,(f), is presented in
fig. 2. As a consequence, the signal will no longer be
even, and will also lose its half-wave symmetry. Students
often

al Original (white) and approximation (red, DC + 4 terms

Squa — S5er B

Error

Next harmonic

Figure 3. Fourier series expansion of a square-like wave: DC term plus

4 harmonics.

mistakenly assume that the translation converts the signal
into an odd one, but the shift up also removes this sym-
metry (despite of the signal shape, which remains square-
like). In this particular case, the new coefficients will be

Ay =1,
A, =0,

B, = dd

h = nodd.

This means that

ss =1+ i %sin (n%t),
=

n
n

ar

or
1 8 m 8 . 3 T
Sg = +T[sm(2 t)+ 3ﬂsm( 2t)+ .

This type of manipulations (translations and shifts) are
made so that students can gain insight on the changes
introduced in the coefficients of the Fourier series expan-
sion, and realize how different the new coefficients may
become.

IV. THE ANDROID APP

The Android application, named “FouSE—Fourier Series
Expansions”, is freely available for download from
“Google Play” (www.google.com). Android was our
first choice, because the majority of our students have
Android powered devices; still, we want to produce an
i0S equivalent application. The design of the user inter-
face respects the guidelines discussed for example in [5,
7]. So, the “control section” is located in the left side of
the interface, in the right-upper half the original signal and
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the approximation signal are plotted, and in the right-
lower half the next term (harmonic) to be added is plotted.
Fig. 3 shows a screenshot of the application. When no
signal is selected, the spinner on the upper left corner will
show the word “none” and the plotting spaces of the orig-
inal and approximation signals, as well as the next har-
monic plot, will be empty, because they have nothing to
show.

The user interaction with the application is very
straightforward. The user begins by choosing a signal
from
the list (by pressing the spinner below the text “Signal”).
Then, by simply pressing the “Add” button, the user re-
fines the approximation to the desired accuracy.

The list of available signals, and whose analytical Fou-
rier series coefficients are found during the theoretical
lectures, includes:

¢ Sawtooth;

e  |sin| (full wave rectified);

¢ Half sin (half wave rectified);
* Square;

*  Triangle;

e Parabolic ().

As stated above, the “control” section of the interface is
placed on the left side of the screen. As seen above, the
spinner below the word “Signal” is used to choose the
signal to approximate. Once a signal is chosen, more in-
formation and control buttons will be visible. The error of

the approximation over a period is presented using two
different metrics:

o L, =3 (signal; — approximation;)?;
* L, = max|signal; — approximation;|.
L

The “Add” button is used to add the next term (the sig-
nal presented next to this button and below the text “Next
harmonic”) to the approximation signal. The “Reset”
button recomputes the approximation.

The upper right side of the screen presents two signals
plots and one text message:

¢ the original signal (in white);
¢ the current approximation (in red);

¢ the number of terms used in the current approxi-
mation (DC term, plus harmonics, if any).

Every time the “Add” button is pressed, the current
harmonic plotted below the text “Next harmonic” is added
to the current approximation, a new harmonic is presented
here replacing the previous one, the approximation signal
is re-plotted, the new errors are computed, and the number
of terms used in the current approximation is updated in
the text message next to the main graph.

Fig. 3 shows an example of an approximation. In this
case, the original signal is a square-like wave, plotted in
white, and the result of the approximation, after summing
the DC component plus three harmonics/terms of the
Fourier series expansion, is plotted in red, over the same
graph. On the graph below, it is presented the plot of the
next harmonic/term to be added to the result of the ap-
proximation plotted in red, if the “Add” button is pressed.
The current error of the approximation over a period is
also shown (L, = 161.8564 and L., = 52.5), and will de-
crease as more harmonics/terms are added to the approxi-
mation.
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harmonic

Figure 4. Fourier series expansion of a square-like wave: DC term plus
20 harmonics.

Figure 5. Fourier series expansion of a sawtooth-like wave: DC term

only.

Note that the scales (and axes) used for the signals and
harmonic plots are different, and automatically adapt from
expansion to expansion. However, these scales remain
constant during a particular expansion, so the student can
realize the different weights that successive harmonics
will have in the approximation. For example, fig. 4 shows
the result of the Fourier series approximation to a square-
like wave, after using the DC term plus 20 harmonics.
When compared to fig. 3 we may note the big difference
in the weights of harmonic number 4 and harmonic num-
ber 21 (obviously, the same applies to the error measures
L, = 72.7553 and L.,= 52.5). Note that, in this case, L.,
error remains constant (52.5); this is due to the Gibbs
phenomenon (see, for example, for details).

Figures 5 and 6 show the Fourier series expansion ap-
proximation to a sawtooth-like wave. Fig. 5 depicts an
approximation consisting of the DC term only (all the
approximations start with the DC term only). In this case
it is clear that DC = 0 and so it overlaps the t (time) axis in
the plot. Also note that the first harmonic term was scaled
to completely fill the plotting area reserved to the plot of
the harmonics. Now, from fig. 6 we can see that the fifth
harmonic term will have a much lower weight in the se-
ries’ final result. Note also that the time axis is now well
visible in the approximation plot; as stated above, when
the approximation had only the DC term, it overlapped the
time axis.

Fig. 7 shows a screenshot of the help menu, available
by pressing the “menu” button of the smartphone. This
menu file consists of three topics, a “quick start”, an ex-
planation of the interface, and a brief introduction to the
Fourier series.
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Error

Figure 6. Fourier series expansion of a sawtooth-like wave: DC term
plus four harmonics.

Quick start
This Android app calculates the Fourier series of some typical signals:

ctified),
ave rectified);
- Square;
- Triangle
- Parabolic (12

To do an approximation
1st - Choose a signal from the list (press the spinner below the text
“Signa

the "Add" button to refine your approximation to the desired

Figure 7. Screenshot of the help menu, showing the “quick start”
topic.

V. SURVEY AND RESULTS

We have distributed a copy of the application directly
to our students, i.e., the students installed the app directly
on their devices without the need of downloading it from
“Google Play”, after the subject was taught in class. The
students were anonymously asked the following ques-
tions:

1. Gender.

2. Do you consider that the application has an ease to
use interface?

3. Have you ever used or needed to use the help menu?

4. Do you prefer a web-based tool (applet) or this (an-
droid) version? Please tell us why.

5. Do you think that the application matches/covers the
contents taught related to the Fourier series?

6. Do you think this application helped you in under-
standing the Fourier series (basics, how it works and its
applicability)?

7. Do you think this application helped you in under-
standing other topics/subjects in this or other courses?

8. Do you think it would be beneficial to have similar
tools in other subjects & courses?

From a total of 85 enrolled students, 55 completed the
survey, from which 50 (91%) were males and 5 (9%)
females. 51 (93%) of the surveyed students consider that
the app has an ease to use interface, and only 4 (7%)
found it somehow difficult or hard to use. However, only
2 (4%) of the total responding students have tried the help
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menu; curiously, these students are two of the four who
considered the application hard or difficult to use.

From the responding students, 47 (85%) prefer this An-
droid version, when compared to other web-based applica-
tions (applet like) available on the Internet. When asked
why, they answered that this application “is really portable
(in the sense that we don’t need to be always connected;
we can do simulations even if we do not have Internet
access)” and “it seems that the interface was designed and
developed to extract the maximum from my android de-
vice, in contrast to a web-based applet were we constantly
need to adjust the screen size, resolution, among other”.
The other 8 (15%) students consider the web-based (ap-
plet) version more suited to their needs: “don’t like to
install apps” and “web-based applications are really plat-
form independent” were the two main reasons presented
for that. In this group we also counted the iOS (iPh-
one/iPad) users, who revealed that they are willing for an
108 version of the tool.

A total of 53 (96%) of the responding students consider
that the tool matches/covers the subjects studied within
the Fourier Series topics, and 54 (98%) believe that it
helped them in understanding the basics of the Fourier
Series, how it works and its applicability. In addition, 50
(91%) students consider that this tool helped them to un-
derstand other topics under this course and even in other
courses. The referred topics include: some signals’ proper-
ties (like symmetry, frequency, etc.); Fourier Transform;
math series construction; and programming (the code of
the application was made available to our students).

When asked if other courses/topics/subjects should
benefit from similar tools/applications the answer was
unanimous: 100% (55) of the responding students said
yes.

VI. CONCLUSIONS

Fourier series expansions are among the problems most
often faced by an Electrical Engineer. An undergraduate
course in the subject must provide the student with the
relevant know-how, and it may also be of considerable
value in understanding how a background in Fourier and
numerical analysis can be applied to concrete engineering
problems.

In this context, we felt a need for tools that could be
easily used inside or outside the classroom, in formal and
informal contexts, and at the same time were easy to up-
date and maintain. The application that we have presented
and described allows students to try several Fourier series
expansions on a set of typical signals, and then compare
the results in an easy-to-use environment, and using their
own Android powered devices.

The application, named “FouSE—Fourier Series Ex-
pansions”, is freely available for download from “Google
Play” (www.google.com), and can be used by the
students in their daily work, inside or outside the class-
room, and (as reported by the sudents themselves) has
proved to be a valuable tool for teaching and understand-
ing Fourier series expansions.
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